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Section 1.0  

Study Background 
 

The Florida Department of Health (FDOH) estimates that over two million onsite 

wastewater treatment and disposal systems (OSTDS) are currently operating in the State 

of Florida.  Nitrogen loading from onsite systems is a potential concern in the state, de-

pending on the number and density of onsite installations, their proximity to receiving wa-

ters, nitrogen removal processes in subsurface soils, and the sensitivity of receiving wa-

ters.  The great majority of Florida onsite systems are comprised of a septic tank for pri-

mary treatment followed by dispersal into the environment using soil absorption systems 

commonly referred to as drainfields.  These typical systems provide limited nitrogen re-

moval prior to the renovated effluent reaching groundwater.   

 

FDOH commissioned an earlier bench-scale Passive Nitrogen Removal Study I (PNRS I) 

to investigate alternative methods to reduce nitrogen from onsite systems.  A primary ob-

jective was to evaluate systems which operate relatively passively, with limited reliance 

on pumping, controls and forced aeration (Smith et al., 2008).  The operational definition 

for a passive system FDOH established for PNRS I is that a passive nitrogen reduction 

system (PNRS) is an OSTDS that contains at most only a single liquid pump, no mechan-

ical aerators or other mechanical devices, and that uses reactive media for denitrification. 

 

The bench-scale field demonstration conducted in PNRS I provided proof-of concept for 

a two-stage biofiltration process that met the FDOH criteria for a passive system and re-

moved over 95% of Total Nitrogen from septic tank effluent (Smith, 2009).  The final report 

for PNRS I recommended the use of a two-stage biofilter process.  This report describes 

the PNRS II study, a follow-up to PNRS I, where multiple pilot-scale two-stage biofilters 

were designed, constructed, and tested to further document performance and to develop 

preliminary design criteria for application of the two-stage process to full-scale onsite 

wastewater systems. 

The Florida Legislature directed FDOH in 2008 to initiate the Florida Onsite Sewage Ni-

trogen Reduction Strategies Study (FOSNRS) to further evaluate nitrogen management 

and treatment.  FOSNRS Task A included a literature review and classification of nitrogen 

removal technologies (Hazen and Sawyer, 2009a), ranking of nitrogen removal systems 

and prioritization of technologies (Hazen and Sawyer, 2009b).  Two-stage biofiltration re-

ceived a high ranking and recommendation. The Passive Nitrogen Removal Study II 
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(PNRS II) was therefore undertaken to evaluate nitrogen removal in numerous embodi-

ments of two-stage biofiltration at a larger scale with a broader range of filtration media 

and process configurations. 

 

In the two-stage biofilter process, a Stage 1 biofilter is unsaturated (pore spaces not filled 

with water) and is followed in series by a Stage 2 biofilter containing the reactive media 

and operated in a water saturated mode. Septic tank effluent (primary effluent) is applied 

to the top of the first stage media, resulting in a downward percolation of wastewater over 

and through the porous media biofilter bed. The unsaturated pore spaces in the first stage 

media allow air to reach microorganisms attached to the media surfaces, enabling aerobic 

biochemical reactions to occur. The significant target reactions in Stage 1 are hydrolysis 

of particulate matter, aerobic oxidation (by heterotrophic microorganisms that oxidize or-

ganic material and reduce biochemical oxygen demand), ammonification of organic nitro-

gen (releasing ammonia), and nitrification (biochemical conversion of ammonia to nitrite 

and nitrate by autotrophic bacteria). The goal of Stage 1 biofiltration is to oxidize the re-

duced forms of nitrogen, (i.e. organic nitrogen and ammonia), and the concentrations of 

organic and ammonia nitrogen in Stage 1 effluent are the primary metric by which to as-

sess performance.  The goal of Stage 1 is to produce an effluent where most of the 

wastewater nitrogen has been converted to nitrate, and where organic nitrogen and am-

monia levels are low.  The Stage 1 effluent with its high nitrate concentration is then 

passed on to the Stage 2 biofilter. The goal of Stage 2 is to remove oxidized nitrogen 

(nitrate and nitrite) by biological denitrification. The Stage 2 biofilter contains “reactive me-

dia” which provides the electron donor needed for denitrification, and it is saturated (pore 

space is filled with water) to prevent oxygen ingress and promote anoxic conditions.  De-

nitrification in the Stage 2 biofilter occurs by two general biochemical classifications, de-

pending on the electron donor and the microorganisms involved.  Autotrophic denitrifying 

bacteria utilize inorganic electron donors such as iron or sulfur for denitrification, while 

heterotrophic denitrifying bacteria utilize organic carbon as the electron donor.  Stage 2 

media must satisfy numerous objectives including: reactivity, longevity, physical integrity, 

availability and cost.  Literature reviews identified candidate media that were well suited 

for Stage 2 media as elemental sulfur and lignocellulosic materials from growth of woody 

plants (Hazen and Sawyer, 2009a; Smith et al., 2008).  PNRS I demonstrated high total 

nitrogen removals were possible with a FDOH “passive” process, and evaluated Stage 1 

and Stage 2 media.  At the time of PNRS I, many demonstrations and reports were avail-

able of lignocellulosic denitrification systems for treatment of wastewater and other appli-

cations.  However, there was a paucity of data on elemental sulfur.  The PNRS I experi-

ments were conducted using elemental sulfur as the Stage 2 electron donor, because 

there was no prior study that provided a definitive demonstration of the efficacy of ele-

mental sulfur for denitrification in a tractable onsite wastewater system.  PNRS I provided 
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a definitive demonstration of the efficacy of elemental sulfur as an electron donor for Stage 

2 denitrification (Smith, 2009). 

 
The “two-stage biofiltration” terminology was adapted in PNRS I as an operational schema 

to systematize process conceptualization, pilot plant design and performance assess-

ment.  Use of the “two-stage biofiltration” terminology was continued in PNRS II through 

this report. “Two-stage biofiltration”, Stage 1 and Stage 2 have their basis in the general 

sequence of biochemical reactions that are utilized for biological reduction of wastewater 

nitrogen in the classical context: i.e., nitrification followed by denitrification. PNRS I applied 

an example of a single pass Stage 1 biofilter that eliminated ammonia, followed by a hor-

izontal single pass Stage 2 biofilter that eliminated  nitrate, resulting in greater than 95% 

Total Nitrogen reduction by Stage 1 + Stage 2. 

 

PNRS I did not however, fully describe potential process configurations. The “two-stage 

biofiltration” terminology served as a conceptual point of departure for assessment of var-

ious process designs, many of which were included in PNRS II. These include simultane-

ous nitrification/denitrification in unsaturated or partially unsaturated biofilters, pre-denitri-

fication using wastewater organics through recirculation of nitrified biofilter effluent, use of 

denitrification biofilters with mixed heterotrophic and autotrophic media, use of sequential 

heterotrophic and autotrophic denitrification biofilters, use of vertically stacked single pass 

biofilter systems with upper unsaturated layers, underlying saturated layers with denitrifi-

cation media, and partially saturated intermediate layers containing denitrification media.   
 
The PNRS II pilot studies described in this report significantly expanded on almost all 

aspects of the original “two-stage biofiltration” concept. PNRS II applied several media in 

Stage 1 biofilters (sand, expanded clay, clinoptilolite) and used two-step size stratification 

of unsaturated media with two total media depths. Process configurations included both 

single pass and recirculation mode designs for Stage 1.  Stage 2 biofilters included both 

lignocellulosic and elemental sulfur media, in upflow and horizontal flow.  PNRS II studies 

also included single pass vertical flow systems with stacked media, Stage 1 media placed 

directly above Stage 2 media.  This combined the functions of both Stage 1 and Stage 2 

in a single vessel.  Vertically stacked systems included both lignocellulosic and elemental 

sulfur media. Over 22 biofilters were operated in PNRS II and produced definitive track 

performance data for multiple variants of all process designs. Performance data exhibit 

effluent nitrogen concentration results and stoichiometric relationships that demonstrate 

or suggest through induction one or more operative features not encompassed in the sim-

plified “two-stage biofiltration” terminology. Through observation of PNRS II system per-

formance and stoichiometric considerations, it was deduced that passive nitrogen removal 

systems could be designed to last for 10 years and possibly much longer. 
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Section 2.0 

Objectives 
 

The objective of the PNRS II study was to design, construct and test pilot-scale passive 

nitrogen removal systems to evaluate the effectiveness of various media and two-stage 

biofilter designs in removing nitrogen from septic tank effluent. The pilot-scale systems 

consisted of various configurations of in-tank biofilters and in-situ biofilter systems. In-tank 

systems primarily employ variants of the two-stage biofiltration concepts elucidated in 

PNRS I. 

Additional objectives of PNRS II were to establish a pilot facility to evaluate nitrogen re-

moval by scalable two-stage biofiltration systems, perform experiments using actual onsite 

wastewater, evaluate various unsaturated and saturated media and process configura-

tions, monitor individual performance of unsaturated and saturated biofilters, and monitor 

performance of configurations that employ both unsaturated and saturated biofilter com-

ponents in vertical single pass flow. Some key features examined were: 

● The effects of hydraulic and nitrogen loading rates, on average daily and per dose 

basis, on first stage effluent nitrogen concentrations. 

● The effects of first stage media composition and depth on effluent nitrogen levels. 

● The effects of hydraulic and nitrogen loading rates, on average daily basis, on sec-

ond stage effluent nitrogen concentrations. 

● The effects of second stage media composition and depth on effluent nitrogen lev-

els. 

● Second stage effluent total nitrogen concentrations and speciation into organic, 

ammonia, and oxidized nitrogen forms. 

● Use of first stage recycle to lower nitrogen concentrations prior to Stage 2. 

The pilot-scale testing described here was designed to provide the process configuration 

and sizing data necessary to develop full-scale designs for implementation in Task B. 
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Section 3.0 

Materials and Methods 
 

The PNRS II study was previously described in the Quality Assurance Project Plan (Hazen 

and Sawyer, 2010a).  PNRS II followed the QAPP closely in most aspects, with modifica-

tions of specific biofilter media and process sequencing which are included in this section 

and in the sample event and monitoring reports (Appendix A) submitted during the study.  

3.1 Pilot Systems Test Facility 

3.1.1 Pilot Systems Layout 

PNRS II was conducted at the University of Florida’s Gulf Coast Research and Education 

Center in Wimauma, Florida.  Figure 3-1 provides a photo of the completed test facility, 

details of its design and construction can be found in the PNRS II Specification Report I 

(Hazen and Sawyer, 2010b) and PNRS II As-built documents (Hazen and Sawyer 2010c).  

Over the course of the study, some changes to individual filters were made when it be-

came apparent that they were not working effectively or when improvements were sug-

gested by the results of performance monitoring. Modifications that were made throughout 

the study are documented in the progress reports (Appendix A) and included complete 

replacement of all ligocellulosic media, replacement of a secondary additive in sulfur-

containing denitrification biofilters, discontinuance of the use of an unsaturated biofilter 

media, and modifications and additions to the vertically stacked Stage 1/Stage 2 (In Situ) 

biofilter array. This report includes results and discussion for those biofilters where 

sufficient data sets were produced that could be used for performance assessment. 

 



O
:\
4

4
2

3
7
-0

0
1
R

0
1
1
\W

p
d

o
c
s
\R

e
p

o
rt

\ 
F

in
a
l 

 

3.0  Materials and Methods April 2014 

FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY PAGE 3-2 

PNRS II TEST FACILITY FINAL REPORT HAZEN AND SAWYER, P.C. 

 
 

 

Figure 3-1: Photos of PNRS II Test Facility 

 

A schematic of the PNRS II test facility set-up in the final configuration used for 

performance assessment is shown in Figure 3-2. Primary treated wastewater (septic tank 

effluent (STE)) from the GCREC campus was used as the wastewater source for testing. 

In the final configuration, twenty-two biofilters were operated and evaluated, consisting of 

nine unsaturated Stage 1 biofilters, nine saturated Stage 2 biofilters, and four vertically 

stacked Stage 1/Stage 2 (In Situ) biofilter designs which consisted of single pass biofilters 

with an upper unsaturated Stage 1 media underlain by saturated Stage 2 media.  The 

biofilters were categorized in four groups as listed in Table 3.1.  Group A consisted of five 

two-stage systems which received primary effluent (STE).  The Group A systems were 

single pass Stage 1 biofilters directly connected to vertical upflow Stage 2 denitrification 
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biofilters.  Figure 3-3 shows a schematic and photo of the Group A systems.  Group B 

consisted of four Stage 1 biofilters with recirculation, which also received primary effluent 

(STE).  Figure 3-4 illustrates two of these systems.  Group C consisted of four horizontal 

flow Stage 2 biofilters which received composited Stage 1 effluents from Group B systems.  

Figure 3-5 provides a schematic and photo of these systems in place.  Group D consisted 

of four biofilters with vertically stacked Stage 1/Stage 2 media which was unsaturated in 

the upper level (Stage 1) and saturated at the lower level (Stage 2).  Figure 3-6 shows a 

schematic of these systems.  In the final configuration, three Group D systems received 

primary effluent, while the fourth (UNSAT-IS4) received nitrified effluent from UNSAT-CL3, 

one of the Group A systems. 
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Figure 3-2: PNRS II Test Facility System Schematic of Final Configuration  
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Table 3.1 

PNRS II Biofilters Final Configuration 

for abbreviations, see Figure 3-2 

Biofilter 

Group 
Description 

Influent Biofilter & Process Designations 

A 

Two Stage  

Biofilters Single Pass 

Stage 1  

directly connected to 

Upflow Stage 2 

Primary  

Effluent             

(septic tank 

effluent) 

Stage 1 single pass / Stage 2 upflow 

ID # Biofilter ID  ID # Biofilter ID 

1 UNSAT-EC1 10 DENIT-SU4 

2 UNSAT-EC3 11 DENIT-LS3 

3 UNSAT-CL1 12 DENIT-SU3 

4 UNSAT-CL3 13 DENIT-LS2 

5 UNSAT-CL5 14 DENIT-LS4 

B 

Two Stage  

Biofilters   

Stage 1 with effluent  

recycle to  

recirculation tank 

Primary  

Effluent             

(septic tank 

effluent) 

Recirculation Tank / Stage 1 

ID # Tank ID ID # Biofilter ID 

NA RC1 6 UNSAT-SA2 

NA RC2 7 UNSAT-EC4 

NA RC3 8 UNSAT-CL2 

NA RC4 9 UNSAT-CL4 

C 

Stage 2                     

Horizontal  

Saturated Biofilters 

Composite  

nitrified  

effluent from 

Group B  

biofilters 

15 DENIT-SU1 

16 DENIT-SU2 

17 DENIT-LS1 

18 
DENIT-GL1 

D 

Stacked  

Stage 1/Stage 2  

(In Situ) 

 Biofilters 

Primary  

Effluent             

(septic tank 

effluent) 

19 UNSAT-IS1 

Primary  

Effluent             

(septic tank 

effluent) 

20 UNSAT-IS2 

Primary  

Effluent             

(septic tank 

effluent) 

21 UNSAT-IS3 

Nitrified  

Effluent, from 

UNSAT-CL3 

22 UNSAT-IS4 
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Figure 3-3: Schematic and Photo of Group A Single Pass Biofilter Systems 

Stage 1 Unsaturated Biofilters - Nitrification 

Stage 2 Saturated Upflow Biofilters - Denitrification 

Solute  
Profile  

Samplers 
3 

18 

12 

7 
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Figure 3-4: Schematic and Photo of Group B Recirculating Biofilter Systems  

Stage 1 Unsaturated Biofilters - Nitrification 

Pump Tank 

DFT 

Pump Tank 
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Figure 3-5: Schematic and Photo of Group C Horizontal Stage 2 Biofilter Systems 

DFT 

DFT 

DFT 

Peristaltic Pump 

Solute Profile  
Samplers 

Solute  
Profile  

Samplers 

Solute Profile  
Samplers 

12 
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Figure 3-6: Schematic of Group D Stacked Stage 1/ Stage 2 (In Situ) Biofilter Systems 

3.1.2 Design of Pilot-scale Biofilters 

All of the various media employed in PNRS II biofilters are listed in Table 3.2 along with 

the sources.  Stage 1 media included sand, expanded clay, clinoptilolite and expanded 

polystyrene.  Stage 2 reactive media included elemental sulfur and lignocellulosic material 

(Southern yellow pine).  Oyster shell, sodium sesquicarbonate or limestone were included 

as alkalinity sources in the Stage 2 biofilters.   

 

The final configuration details of the biofilter designs used for performance assessment in 

PNRS II are listed in Tables 3.3 through 3.6.  As previously discussed, over the course of 

the study, some changes to individual filters were made when it became apparent that 

they were not working effectively or when improvements were suggested by the results of 

performance monitoring. Modifications that were made throughout the study are 

documented in the progress reports (Appendix A) and summarized in Table 3.7. The 

modifications included complete replacement of the secondary alkalinity additive in two of 

Stage 1 Media:  

Nitrification  

Stage 2 Media: 
Expanded Clay & 

Lignocellulosic 

Stage 2 Media:  
Sulfur 

Peristaltic Pump  

STE or NO3 Feed 
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the sulfur-containing denitrification biofilters (Day 161), revision of media percentages in 

one lignoceullosic biofilter (Day 161), complete replacement of all ligocellulosic media 

(Day 256), discontinuance of the use of an unsaturated biofilter containing polystyrene 

media (Day 332), and modifications and additions to the vertically stacked biofilter array 

(Days 63, 154, and 256). This report includes results and discussion for those biofilters 

where sufficient data sets were produced and could be used for performance assessment 

following modifications to a configuration that was judged to be feasible for full-scale 

implementation in subsequent phases of the project. 

 

The final configuration of the Group A biofilter designs are shown in Table 3.3.  Stage 1 

and 2 biofilters are listed in their order of coupling, such that DENIT-SU4 receives effluent 

from UNSAT-EC1, for example. Group A Stage 1 biofilters consisted of size stratified 

expanded clay or clinoptilolite granular media, with two total media depths evaluated: 15 

and 30 inches. Layered media placement was used, with larger media size in the upper 

one third and smaller media size in the bottom two thirds.  An exception to this was a 

single layer polystyrene media bed that was evaluated for a short period.  Group A Stage 

2 saturated biofilters contained unstratified mixed media of 24 inch depth, with either 

elemental sulfur or Southern yellow pine as electron donors for denitrification.   

 

Group B systems consisted of 15 and 30 inch media depth biofilters with either sand, 

expanded clay or clinoptilolite media, each preceded by a recirculation tank (Table 3.4). 

Group C systems received a composited effluent from the Group B biofilters and consisted 

of horizontal saturated biofilters with either elemental sulfur, Southern yellow pine, or 

dosed glycerol as electron donors (Table 3.5).   

 

Vertically stacked biofilter designs (Group D) are shown in Table 3.6.  In the final 

configuration, each consisted of an upper 12 inch unsaturated layer (consisting of either 

sand, clinoptilolite, or expanded clay), a middle mixed media layer of Southern yellow pine 

and expanded clay, and a saturated lower layer with elemental sulfur media. 
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Table 3.2 

PNRS II Biofilter Media 

Material 

Bulk  

density,  

kg/m3 

(lb/ft3) 

Typical  

Particle Size 

Range as Sup-

plied 

Specifications 

Supplier 

Clinoptilolite 

ZS403H 

881 

(55) 

1.4 – 2.38 mm 

(0.06 – 0.09 in)  

8X14 US Mesh 

Sieve Size Zeox Mineral  

Materials Corp, Cor-

taro, AZ 
0.3 – 1.2 mm 

(0.01 – 0.05 in) 

16X50 US 

Mesh Sieve 

Size 

Elemental sulfur  

(granular) 1,233 

(77) 

2 – 4 mm 

(0.08 – 0.16 in) 

<0.5% fines Georgia Sulfur, Val-

dosta, GA 

Elemental sulfur  

(pastille) 

2 - 3.36 mm 

(0.08 – 0.13 in) 

<0.5% fines Southern Ag,  

Palmetto, FL 

Glycerol 
1,265 

(79) 
- 

Synthetic 99% Cole Parmer, Vernon 

Hills, IL 

Lignocellulosic  

material  

(Southern yellow 

pine, sawdust) 

320-449 

(20 – 28) 

3 to 30 mm 

(0.12 – 1.18 in) 

 Robbins Products,  

Tarrytown, FL 

 Suwannee Lumber  

Company,  

Cross City, FL 

Livlite  

(expanded clay) 

657  

(41) 

0.3 to 3.1 mm 

(0.01 – 0.12 in) 

 Big River,  

Alpharetta, GA 

Oyster shell 1,313 (82) 
3 – 15 mm 

(0.12 – 0.59 in) 

 
Misc. Locations, FL 

Polystyrene  

(expanded) 

5 – 24 

(0.34 - 1.5) 

2.2 – 3.6 mm 

(0.09 – 0.14 in) 

 JSP, Haymarket, Vir-

ginia 

Sand 
1,602 

(100) 

0.8 – 1.2 mm 

(0.03 – 0.05 in) 

d10 = 0.93,  

d50 = 1.23, 

U.C.= 1.4 National Suncoast 

Media, Gulfport, FL 
0.45 – 0.55 mm 

(0.02 in) 

d10 = 0.52,  

d50 = 0.67,  

U.C.= 1.4 

0.3 - 1.2 mm 

(0.01 – 0.05 in)  
U.C. = 1.4 

Standard Sand &  

Silica Co,  

Davenport, FL 

Sodium  

Sesquicarbonate  

T-50 

1,105  

(69) 

1 - 3 mm 

(0.04 – 0.12 in) 

 
Solvay,  

Houston, TX 
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Table 3.3 

Final Configuration of Group A Biofilters 

  

Layering
Total 

depth, in
Layer

Layer 

Thickness, in

Particle 

size, mm

Upper 5 1.53-3

Lower 10 0.3-1.53

Upper 10 1.53-3

Lower 20 0.3-1.53

Upper 5 1.4-2.38

Lower 10 0.30-1.2

Upper 10 1.4-2.38

Lower 20 0.30-1.2

Upper 10 1.4-2.38

Lower 20 0.30-1.2

DENIT-SU4 22

30% elemental sulfur       

10% limestone                 

60% expanded clay

Unstratified 24 - - 0.5-3

DENIT-LS3 22
50% Southern yellow pine                                

50% sand
Unstratified 24 - - 1.13-30

DENIT-SU3 22
80% elemental sulfur       

20% oyster shell
Unstratified 24 - - 0.5-3

DENIT-LS2 22
25% Southern yellow pine                              

75% expanded clay
Unstratified 24 - - 1.13-30

DENIT-LS4 22
30% Southern yellow pine                             

70% expanded clay
Unstratified 24 - - 1.13-30

30

Stage 2 Biofilter 

(saturated upflow)

UNSAT-CL1 30 Clinoptilolite Stratified

UNSAT-CL5 30 Clinoptilolite Stratified

15

UNSAT-CL3 30 Clinoptilolite Stratified

Stage 1 

Biofilter 

(unsaturated) 

30

15

UNSAT-EC3 30 Expanded clay Stratified 30

UNSAT-EC1 30 Expanded clay Stratified

Process 

Component
Biofilter

Tank    

diameter, in
Media type

Media design
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Table 3.4 

Final Configuration of Group B Biofilters 

  

Layering
Total depth, 

in
Layer

Layer 

Thickness, 

in

Particle 

size, mm

RC1 36 No media - 18 - - -

RC2 36 No media - 18 - - -

RC3 36 No media - 18 - - -

RC4 36 No media - 18 - - -

Upper 10 0.8-1.2

Lower 20 0.45-0.55

Upper 10 1.53-3

Lower 20 0.3-1.53

Upper 5 1.4-2.38

Lower 10 0.30-1.2

Upper 10 1.4-2.38

Lower 20 0.30-1.2

15

UNSAT-CL4 30 Clinoptilolite Stratified 30

Stage 1 

Biofilter 

(unsaturated)

UNSAT-SA2 30 Sand Stratified

UNSAT-CL2 30 Clinoptilolite Stratified

Media design

30

UNSAT-EC4 30
Expanded 

clay
Stratified 30

Recirculation 

Tank

Process 

Component

Biofilter & 

Process

Tank    

diameter, in
Media type
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Table 3.5 

Final Configuration of Group C Biofilters  

 

 
 
 
 
 
  

Layering
Total 

length, in
Media type

Particle 

size, mm

DENIT-SU1 6.0 Unstratified 72
80% elemental sulfur        

20% oyster shell
1.13-3

DENIT-SU2 6.0 Unstratified 72

30% elemental sulfur             

10% limestone                       

60% expanded clay

1.13-3

DENIT-LS1 6.0 Unstratified 72
50% Southern yellow pine                              

50% expanded clay
1.13-30

12 in. gravel 6-12

60 in. expanded clay 1.13-3

Stage 2 

Biofilter 

(saturated 

horizontal)

Process 

Component
Biofilter

Column   

diameter, 

in

Media design

DENIT-GL1 6.0 Stratified 72
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Table 3.6 

Final Configuration of Group D Biofilters 

 

Table 3.7  

Biofilter Design Modifications 

Total 

depth, in
Layer

Layer 

Thickness, 

in

Media type
Particle 

size, mm

4 100%  sand 0.8-1.2

8 100% sand 0.45-0.55

40% Southern yellow pine

60% expanded clay

Lower 4 100% elemental sulfur 1.13-3

4 100% expanded clay 1.53-3

8 100% expanded clay 0.3-3.1

40% Southern yellow pine

60% expanded clay

Lower 4 100% elemental sulfur 1.13-3

4 100% clinoptilolite 1.4-2.38

8 100% clinoptilolite 0.3-1.2

40% Southern yellow pine

60% expanded clay

Lower 4 100% elemental sulfur 1.13-3

4 100% sand 0.8-1.2

8 100% sand 0.45-0.55

40% Southern yellow pine

60% expanded clay

Lower 4 100% elemental sulfur 1.13-3

30UNSAT-IS4 6

Vertically 

Stacked 

Stage 1/ 

Stage 2 

media

UNSAT-IS2 30 30

UNSAT-IS3 6 30

Process 

Component

UNSAT-IS1 30
12 1.13-30Middle

Media design (stratified layering)
Tank    

diameter, 

in

Biofilter

Upper

30

12

1.13-30

12

Upper

Upper

Upper

1.13-30Middle

Middle 12

1.13-30Middle

Biofilter Modification Experimental Day

UNSAT-IS1, -IS2 Revised operation from unsaturated to saturated lower layer 63

UNSAT-IS1 Added sand to upper layer 154

UNSAT-IS3, -IS4 New columns started-up 154

DENIT-SU2, -SU4
Replaced media and revised percentages                          

Replaced sodium sesquicarbonate media with limestone 
161

DENIT-LS2 Replaced media and revised percentages 161

DENIT-LS1, -LS2, -LS3, -LS4; 

UNSAT-IS1, -IS2, -IS3, -IS4
Replaced lignocellulosic media 256

UNSAT-IS1, -IS2, -IS3, -IS4 Revised media percentages and layering 256

UNSAT-CL5 Replaced polystyrene media with clinoptilolite 332
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3.1.3 Influent Wastewater 

The source of wastewater supplied to PNRS II was primary effluent (STE) collected as a 

sidestream from the wastewater facility at the Gulf Coast Research and Education 

Center (GCREC).  The final configuration of the wastewater supply system for PNRS II 

is shown in Figure 3-7.  Wastewater was withdrawn from the first septic tank in the 

GCREC system and directed to the second chamber of PNRS II Tank 1, which 

contained the pumps that supplied primary effluent to biofilters in Groups A, B and D.  A 

pipe from PNRS II Tank 1 to the second septic tank in the GCREC system returned 

excess diverted wastewater to the GCREC system (Figure 3-7). 

 

The final configuration described above was based on changes after the test facility 

operation had begun.  Sample Event No. 1 revealed that GCREC septic tank effluent 

(STE) exhibited somewhat low concentrations of key parameters when compared to 

typical residential STE.  It was determined that condensate from the facility air 

conditioning (A/C) system was being drained into the wastewater system, ostensibly 

diluting the STE.  The A/C condensate from GCREC air conditioning units was rerouted 

(Day 60) and no longer discharges to the sewer system.   Following removal of 

condensate, the influent feed to the PNRS II systems was more characteristic of typical 

STE from single family residences; however, some STE parameters continued to show 

relatively low values.  Therefore, a hydraulic modification was made to the two-chamber 

PNRS II dosing tank (Day 144).  To decrease residence time, a pipe was installed to 

direct STE from the GCREC septic tank directly into the second chamber in the PNRS II 

dosing tank (Figure 3-7). Additionally the pump (Pump 1) which withdraws STE from the 

GCREC wastewater system was relocated (Day 158) from its previous withdrawal 

location to the  first septic tank of the GCREC system (Figure 3-7).  

 
Figure 3-7: Primary Effluent Source 
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3.1.4 Target Operation for Baseline Conditions 

Operation of the PNRS II biofilter systems for baseline conditions is summarized in Tables 

3.8 through 3.12. A central feature of the pilot testing and process optimization was 

operational adaptation.  As previously discussed, several modifications in biofilter design 

were made to optimize biofilter performance.  In addition, as a result of assessment of 

performance data for baseline conditions, a higher loading rate was applied to the well 

functioning systems to evaluate performance over a wider envelope (see Section 3.1.5).  

 

Target loading for baseline conditions to Group A Stage 1 biofilters was a surface loading 

of 3 gal/ft2-day, which provided a 5.7 gal/ft2-day surface loading to Group A Stage 2 

biofilters (Table 3.8). Dosing to Group A biofilters was once per hour (24 dose/day). The 

range of estimated water residence times were 5 to 11 hours, depending on media depth, 

in Stage 1 based on assumed water retention and approximately 26 hours in Stage 2 

based on estimated pore volumes.   

 

Target loading for baseline conditions to Group B biofilters was a surface loading of 3 

gal/ft2-day forward flow and a recycle ratio of 3:1 of biofilter effluent to wastewater forward 

flow.  Dosing to Group B biofilters was once per hour (24 dose/day).  This provided a 12 

gal/ft2-day total flow surface loading to the Group B biofilters.  Water residence times, 

estimated similarly to Group A, were 1.9 to 3.7 hours in the biofilters and 32 hours in the 

recirculation tanks (Table 3.9).   

 

Target loading for baseline conditions to Group C biofilters was a surface loading of 10 

gal/ft2-day which provided an estimated water residence time of 43 hours (Table 3.10). 

Dosing to Group C biofilters was once per hour (24 dose/day).  

 

Target loadings for baseline conditions to Group D biofilters were surface loadings of 1.1 

to 1.2 gal/ft2-day which provided an estimated water residence time of 38 to 41 hours 

(Table 3.11).  Dosing to Group D biofilters was once per four hours (6 dose/day). 

 

The system to dose glycerol to DENIT-GL1 consisted of a peristaltic pump, a glycerol 

dosing solution kept in a cooler, and a connection of dosing flow tube to the wastewater 

influent line of DENIT-GL1.  The dosing pump was connected to the same timer as the 

influent wastewater pump.  Glycerol dosing was established to provide sufficient electron 

donor to reduce both dissolved oxygen and oxidized nitrogen (nitrate and nitrite) in influent 

wastewater (Table 3.12).  The dosing flowrate and glycerol concentration in the dosing 

solution were adjusted to provide the target glycerol dose (Table 3.12).  
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Table 3.8 

Group A Biofilter Operation for Baseline Conditions 

Process  

Component 
Biofilter 

Target Flowrate, 

L/day  

(gal/day) 

Design Surface 

Loading Rate,  

L/m2-day 

(gal/ft2-day) 

Estimated Mean 

Pore Residence 

Time @ Design, 

hour 

Stage 1 Biofilter 

(unsaturated)  

UNSAT-EC1 55.7 (14.7) 122.2 (3.0) 5.0 

UNSAT-EC3 55.7 (14.7) 122.2 (3.0) 10.1 

UNSAT-CL1 55.7 (14.7) 122.2 (3.0) 5.6 

UNSAT-CL3 55.7 (14.7) 122.2 (3.0) 11.2 

UNSAT-CL5 55.7 (14.7) 122.2 (3.0) 11.2 

Stage 2 Biofilter 

(saturated up-

flow) 

DENIT-SU4 55.7 (14.7) 228.2 (5.6) 26 

DENIT-LS3 55.7 (14.7) 228.2 (5.6) 26 

DENIT-SU3 55.7 (14.7) 228.2 (5.6) 26 

DENIT-LS2 55.7 (14.7) 228.2 (5.6) 26 

DENIT-LS4 55.7 (14.7) 228.2 (5.6) 26 

 

Table 3.9 

Group B Biofilter Operation for Baseline Conditions 

Process  

Component 
Biofilter &  

Process 

Target Flowrate, 

L/day1 

(gal/day) 

Design Surface 

Loading Rate, 

L/m2-day1 

(gal/ft2-day) 

Estimated Mean 

Pore Residence 

Time @ Design, 

hour 

Recirculation 

Tank 

RC1 222.8 (58.9) 338.2 (8.3) 32.4 

RC2 222.8 (58.9) 338.2 (8.3) 32.4 

RC3 222.8 (58.9) 338.2 (8.3) 32.4 

RC4 222.8 (58.9) 338.2 (8.3) 32.4 

Stage 1 Biofilter 

(unsaturated) 

UNSAT-SA2 222.8 (58.9) 488.9 (12.0) 3.0 

UNSAT-EC4 222.8 (58.9) 488.9 (12.0) 3.4 

UNSAT-CL2 222.8 (58.9) 488.9 (12.0) 1.9 

UNSAT-CL4 222.8 (58.9) 488.9 (12.0) 3.7 
1includes recirculation flowrate @ recirculation ratio = 3 
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Table 3.10 

Group C Biofilter Operation for Baseline Conditions 

Process  

Component 
Biofilter 

Target Flowrate, 

L/day 

(gal/day) 

Design Surface 

Loading Rate, 

L/m2-day 

(gal/ft2-day) 

Estimated Mean 

Pore Residence 

Time @ Design, 

hour 

Stage 2 Biofilter 

(unsaturated  

horizontal) 

DENIT-SU1 7.41 (1.96) 407.4 (10.0) 43.1 

DENIT-SU2 7.41 (1.96) 407.4 (10.0) 43.1 

DENIT-LS1 7.41 (1.96) 407.4 (10.0) 43.1 

DENIT-GL1 7.41 (1.96) 407.4 (10.0) 43.1 

Table 3.11 

Group D Biofilter Operation 

Process  

Component 
Biofilter 

Target Flowrate, 

L/day 

(gal/day) 

Design Surface 

Loading Rate, 

L/m2-day 

(gal/ft2-day) 

Estimated Total 

Mean Residence 

Time @ Design, 

hour 

Vertically 

Stacked Media        

(In situ simula-

tor) 

UNSAT-IS1 14.8 (3.9) 44.82 (1.10) 41.3 

UNSAT-IS2 14.8 (3.9) 44.82 (1.10) 41.3 

UNSAT-IS3 0.893 (0.236) 48.89 (1.20) 37.9 

UNSAT-IS4 0.893 (0.236) 48.89 (1.20) 37.9 

Table 3.12 

Design of Glycerol Dosing to DENIT-GL1 

surface loading rate L/m2-day  407.4 

target wastewater flowrate L/day 7.409 

influent DO mg/L 8.0 

influent NO3-N mg/L 75.0 

Yglycerol/O2 g/g 2.74 

Yglycerol/NO3-N g/g 7.80 

glycerol dose gram/day 4.50 

dose frequency dose/day 24 

wastewater dose volume ml 309 

glycerol dosing solution concentration gram/L 50.4 

glycerol solution dose volume ml 3.72 
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3.1.5 Modified Hydraulic Loading Operation          

After a track record of acceptable performance had been established for many PNRS II 

systems a higher loading rate was applied (Day 379 and 407) to the well-functioning sys-

tems to evaluate performance over a wider envelope (see Table 3.13). Loading rates to 

the unsaturated biofilters were increased to 5 and 6 gpd/ft2-day for the single pass and 

recirculating biofilters, respectively.  Loading rates to the saturated biofilters were in-

creased to 9.3 and 20 gpd/ft2-day to upflow and horizontal denitrification biofilters, respec-

tively.  The Group D systems hydraulic loading rate was not modified. 

 

However, some of the loading rates were decreased back to baseline (see Table 3.13) 

upon observation of ponding in the Stage 1 biofilters (Table 3.14).  Ponding developed 

(attributed to formation of a thick biomat) within the following Stage 1 unsaturated biofil-

ters: UNSAT-SA2, UNSAT-EC4, UNSAT-EC1, UNSAT-EC3 and UNSAT-CL1.  On Day 

903, the loading rate to the Stage 1 unsaturated recirculating biofilters was decreased 

back to 3 gal/ft2-day; the recycle ratio remained at 5:1.  However, ponding of effluent at 

the surface of several biofilters continued; therefore, on Day 940 the unsaturated biofilters 

were allowed to drain by stopping the flow to all the systems.  On Day 949, both dosing 

pumps were turned back on, and the loading rate to the single pass Stage 1 unsaturated 

biofilters was decreased back to 3 gal/ft2-day.  Several unsaturated biofilters subsequently 

experienced ponding once again; therefore, on Day 962 the unsaturated biofilters were 

allowed to drain by stopping the flow to the systems, the surface media was raked and 

subsequently allowed to dry out.  During this maintenance, one of the clogged Stage 1 

single pass biofilters and one of the clogged Stage 1 recirculating biofilters were examined 

for physical signs of a clogging biomat, because the top surface of the media did not ap-

pear severely clogged.  Upon deeper raking and digging into the media, it appeared that 

the clogging layer/biomat had developed at the interface of the coarse over finer media 

boundary.  It appeared as though the finer media had clogged, as the typical black biomat 

was present in the media, and the ponding was backing up through the coarser media 

above.  With vigorous raking and digging of this biomat, the ponded effluent began to drain 

through the clogged filters, but it was clear that the filters would not return to their original 

hydraulic capacity without media replacement or rejuvenation.   

 

On Day 1000, the Stage 1 unsaturated biofilters were re-started at the initial lower surface 

loading rates of 3 gal/ft2-day.  Therefore the surface loading rate to the directly connected 

Stage 2 single pass upflow denitrification biofilters was also the initial baseline surface 

loading rate of 5.6 gal/ft2-day. The Stage 2 horizontal denitrification biofilters surface load-

ing rate remained at the increased 20 gpd/ft2-day.  The Group D systems hydraulic loading 

rate was not modified.  Limited additional monitoring was conducted on Day 1038, after 

which the experiment was concluded 
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Table 3.13  

Biofilter Operations Modifications 

Biofilter Group Day Revised Loading Rate  Modification 

B Stage 1 Recirculating 379 6 gal/ft2-day Increased from 3 gal/ft2-day  

B Stage 1 Recirculating 379 5:1 recycle ratio Increased from 3:1 recycle ratio  

A Stage 1 Single Pass 407 5 gal/ft2-day Increased from 3 gal/ft2-day  

A Stage 2 Upflow 407 9.3 gal/ft2-day Increased from 5.6 gal/ft2-day  

C Stage 2 Horizontal 407 20 gal/ft2-day Increased from 10 gal/ft2-day  

B Stage 1 Recirculating 903 3 gal/ft2-day; 5:1 ratio Decreased from 6 gal/ft2-day; 

5:1 ratio 

A Stage 1 & 2 Single Pass 940 0 gal/ft2-day Turned off dosing pump 

A Stage 1 Single Pass 949 3 gal/ft2-day Decreased from 5 gal/ft2-day  

A Stage 2 Upflow 949 5.6 gal/ft2-day Decreased from 9.3 gal/ft2-day  

B Stage 1 Recirculating 903 3 gal/ft2-day; 5:1 ratio Turned dosing pump back on 

A Stage 1 & 2 Single Pass 962 0 gal/ft2-day Turned off dosing pump 

B Stage 1 Recirculating 962 0 gal/ft2-day Turned off dosing pump 

A Stage 1 Single Pass 1000 3 gal/ft2-day Turned dosing pump back on 

A Stage 2 Upflow 1000 5.6 gal/ft2-day Turned dosing pump back on 

B Stage 1 Recirculating 1000 3 gal/ft2-day; 5:1 ratio Turned dosing pump back on 
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Table 3.14 

Biofilter Observations after Operational Modifications 

Biofilter Group Day Loading Rate  Observation 

B Stage 1 Recirculating 872 6 gal/ft2-day; 5:1 ratio Ponding in UNSAT-EC4  

B Stage 1 Recirculating 903 6 gal/ft2-day; 5:1 ratio Ponding in UNSAT-EC4  

B Stage 1 Recirculating 903 3 gal/ft2-day; 5:1 ratio Ponding in UNSAT-EC4  

A Stage 1 Single Pass 903 5 gal/ft2-day Ponding in UNSAT-EC1,  

biomat on UNSAT-CL1 

A Stage 1 Single Pass 940 5 gal/ft2-day Ponding in UNSAT-EC1,  

-EC3, -CL1 

B Stage 1 Recirculating 940 3 gal/ft2-day; 5:1 ratio Ponding in UNSAT-EC4 

A Stage 1 Single Pass 1022 3 gal/ft2-day Minor ponding in UNSAT-EC1,  

-EC3, -CL1 

B Stage 1 Recirculating 1022 3 gal/ft2-day; 5:1 ratio Minor ponding in UNSAT-EC4, -SA2 

3.2 Performance Monitoring 

The pilot facility was operated continuously for approximatley 400 days at the baseline 

operating condition and for an additional approximate 600 days with modified hydraulic 

loading conditions (see Table 3.13 for the date of modifications).  Operation at baseline 

condition was initiated on May 17, 2010 (Experimental Day 0). The monitoring plan 

followed the procedures detailed in the Quality Assurance Project Plan (Hazen and 

Sawyer, 2010a). 

3.2.1 Baseline Monitoring 

3.2.1.1 Monitoring Events 

The monitoring history for PNRS II is shown in Table 3.15.  Six full monitoring events (1 

through 6) were conducted with an average separation time of 63 days, and two partial 

monitoring events were conducted on Days 402 and 407.  Monitoring events 1 through 7 

comprise the main basis for performance evaluation of unsaturated and saturated biofilters 

in Groups A, B, and C under baseline conditions of loading  Data from Monitoring Events 

5, 6, 8, 9 and 10 were used for performance assessment of the vertically stacked biofilters 

in Group D, as this represented the time period after which consistent operations were 

established for the final configurations of these biofilters 
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Table 3.15 

PNRS II Monitoring 

Sample Event Date Experimental Day 

Start-up May 17, 2010 0 

Sample Event 1 July 1, 2010 45 

Sample Event 2 August 31, 2010 106 

Sample Event 3 November 10, 2010 177 

Sample Event 4 January 13, 2011 241 

Sample Event 5 March 17, 2011 304 

Sample Event 6 May 19, 2011 367 

Sample Event 7 June 23, 2011 402 

Sample Event 8 June 28, 2011 407 

Sample Event 9 September 15, 2011 486 

Sample Event 10 March 20, 2013 1,038 

3.2.1.2 Monitoring Locations 

Thirty-two specific monitoring locations and their designations are listed in Table 3.16.  

They include primary effluent (i.e. septic tank effluent), 22 biofilter final effluents (10 Group 

A, 4 each in Groups B, C, D), 4 intermediate biofilter points (Group D), 4 recirculation tank 

effluents (Group B), and one composite effluent (Group C). 
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Table 3.16 

PNRS II Sample Identification 

Group  

(Figure 3-2) 
Sample Location Sample Identification 

 STE PNRS II Storage Tank 1 PNRS II-STE-T1 

A 

Stage 1 Single Pass Biofilters 

UNSAT-EC1 

UNSAT-EC3 

UNSAT-CL1 

UNSAT-CL3 

UNSAT-CL5 

Stage 2 Single Pass Upflow Biofilters 

DENIT-SU4 

DENIT-LS3 

DENIT-SU3 

DENIT-LS2 

DENIT-LS4 

B 

Recirculation Tanks 

RC1 

RC2 

RC3 

RC4 

Stage 1 Recirculating Biofilters 

UNSAT-SA2 

UNSAT-EC4 

UNSAT-CL2 

UNSAT-CL4 

C 

Denite Feed Collection Tank DFT 

Stage 2 Horizontal Biofilters 

UNSAT-SU1 

UNSAT-SU2 

UNSAT-LS1 

UNSAT-GL1 

D 

Stacked Stage 1/Stage 2 (In Situ) Biofilters 

UNSAT-IS1 

UNSAT-IS2 

UNSAT-IS3 

UNSAT-IS4 

Stacked Stage 1/Stage 2 (In Situ) Biofilters  

Intermediate Sample Ports 

(below EC & LS mixture and above SU layer) 

UNSAT-IS1-SP 

UNSAT-IS2-SP 

UNSAT-IS3-SP 

UNSAT-IS4-SP 
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3.2.1.3 Monitoring Procedures 

Flow rates for all PNRS II systems were calibrated at initial start-up.  The flow rates were 

then measured and recorded at each sampling event and adjusted as necessary to 

maintain flow rates consistent with the experimental design following the sampling event.  

Flow volumes were measured just after sampling and field analyses and represent the 

flow rates in effect during the water quality monitoring event.   

Influent wastewater (GCREC septic tank effluent) was collected from the feed line 

connecting STE Storage Tank 1 (PNRS II-STE-T1) to the Group A Stage 1 biofilters.  

Sampling was performed by initiating a manual dose event on the process control panel 

until sufficient sample volume was collected in a clean sample container.  Biofilter and 

recirculation tank effluents were sampled by directing the entire effluent flow into a large, 

clean sample container over a period of time sufficient to obtain the desired sample volume 

(approximately 3.5 liters).  Sample containers were immediately placed in coolers on ice 

prior to subdivision of the composited sample. 

The composite samples in the 3.5 liter sample containers were then subdivided into 

analysis-specific sample containers.  The analysis-specific containers were supplied by 

the certified analytical laboratory and contained the appropriate preservatives. These 

containers were labeled, placed in coolers and transported on ice to the analytical 

laboratory. Each sample container was secured in packing material as appropriate to 

prevent damage and spills, and was recorded on chain-of-custody forms supplied by the 

laboratory. 

Equipment blank, field blank, and field sample duplicates were taken.  The equipment 

blank was collected using a previously cleaned sample collection bottle.  The bottle was 

filled with distilled water provided by the laboratory and allowed to sit for eight minutes. 

The sample containers were then analyzed for the same parameters as the samples. The 

field blank was collected by filling sample containers with distilled water that had been 

transported from the laboratory into the field along with the other sample containers.  The 

field sample duplicate was collected immediately subsequent to the regular sample. 

Field parameters were measured using a HACH 40D multimeter and portable electronic 

probes and included temperature (Temp), dissolved oxygen (DO), oxidation-reduction 

potential (ORP), pH, and specific conductance (Table 3.17). Temperature (Temp), 

dissolved oxygen (DO), and oxidation-reduction potential (ORP) were measured with 

probe tips placed in flow through samplers located directly in the outlet pipe at each 

sample location.  Specific conductance and pH were measured using external sample 

collection reservoirs.  The influent and effluent samples were analyzed by the laboratory 

for: total alkalinity, total Kjeldahl nitrogen (TKN), ammonia nitrogen (NH3-N), nitrate/nitrite 
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nitrogen (NO3+NO2)-N, carbonaceous biochemical oxygen demand (CBOD5), total 

dissolved solids (TDS), total suspended solids (TSS), and chemical oxygen demand 

(COD).  Selected sample events included anlaysis for total phosphorus (TP) and fecal 

coliform (fc).  For the denitrification biofilters containing elemental sulfur media, influent 

and effluent sample analyses were also conducted for sulfate (SO4) and hydrogen sulfide 

(H2S).  Analytical parameters, analytical methods, and detection limits for these analyses 

are listed in Table 3.18. 

Table 3.17 

Field Analyses Methods 

Analyte Method 

Temperature Hach temperature probe and meter 

pH Hach pH electrode and meter 

Specific Conductance Hach specific conductance probe and meter 

DO Hach luminescence DO probe and meter 

ORP Hach ORP probe and meter 
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Table 3.18 

Laboratory Analyses Methods 

Analytical Parameter Method of Analysis Laboratory Detection Limit 

Total Alkalinity as CaCO3 SM 2320B 2 mg/L 

Total Kjeldahl Nitrogen (TKN) EPA351.2 0.05 mg/L 

Ammonia Nitrogen (NH3-N) EPA350.1 0.01 mg/L 

Nitrate/Nitrite Nitrogen (NO3+NO2)-N EPA353.2 0.01 mg/L 

Carbonaceous BOD (CBOD5) SM 5210B 2 mg/L 

Total Dissolved Solids (TDS) SM 2540C 10 mg/L 

Total Suspended Solids (TSS) SM 2540D 1 mg/L 

Chemical Oxygen Demand (COD) EPA 410.4 10 mg/L 

Total Phosphorus (TP) SM 4500PE 0.01 mg/L 

Fecal Coliform (fecal) SM9222D 1 ct/100mL 

Sulfate (SO4) EPA300.0 0.2 mg/L 

Hydrogen Sulfide Unionized (H2S) SM4500S F 0.01 mg/L 

Sulfide SM4500S F 0.1 mg/L 
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3.2.2 Solute Profiling in Saturated Biofilters 

Sample ports were installed along the depth of the Stage 2 biofilters to enable longitudinal 

profiling of nitrogen species and other water quality parameters.  Solute profiles of Stage 

2 denitrification biofilters were collected four times in the study (Experimental Day 107, 

242, 305 and 487), subsequent to sampling events 2, 4, 5, and 9.  All samples were 

analyzed for (NO3+NO2)-N, and sulfate was included for samples collected from sulfur 

containing biofilters.  For a single biofilter, the order of sample collection started in the 

farthest downstream collection point and proceeded upstream.  For the Group A upflow 

biofilters, samples were collected by connecting a peristaltic pump to the stainless steel 

drivepoint samplers which were installed within the biofilter media at 3, 7, 12 and 18 inches 

from the inlet end of the biofilter (see Figure 3-3).  For the Group C horizontal biofilters, 

samples were collected from sample ports that were installed at 12-inch increments along 

the length of the biofilter (see Figure 3-5). 

3.2.3  Post-baseline monitoring 

As discussed in Section 3.1.5, after a track record of acceptable performance had been 

established (baseline monitoring), a higher loading rate was applied for many of the PNRS 

II systems (Day 379 and 407).  Sample event 9 conducted on Day 486 evaluated the 

performance of the unsaturated and saturated biofilters in Groups A, B, and C at the higher 

loading rate.  The monitoring followed the same procedures used in baseline monitoring 

and included solute profiling in saturated biofilters. 

 

As previously discussed, the biofilters were continuously loaded at the higher loading rate 

until ponding was observed.  First, the loading rate was decreased back to the baseline 

conditions; however, some of the biofilters still exhibited ponding. Thefore, the unsaturated 

biofilters were allowed to drain by stopping the flow to the systems, the surface media was 

raked and examined as described earlier, and allowed to dry out. On Day 1000, the Stage 

1 unsaturated biofilters were re-started at the initial lower surface loading rates.  Limited 

additional monitoring was conducted on Day 1038.  The monitoring followed the same 

procedures used in baseline monitoring with a modified parameter list shown in Table 

3.19. 
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Table 3.19 

Laboratory Analyses Methods  

Sample Event 10, Day 1038 

Analytical Parameter Method of Analysis Laboratory Detection Limit 

Total Alkalinity as CaCO3 SM 2320B 2 mg/L 

Total Kjeldahl Nitrogen (TKN) EPA351.2 0.05 mg/L 

Ammonia Nitrogen (NH3-N) EPA350.1 0.01 mg/L 

Nitrate/Nitrite Nitrogen (NO3+NO2)-N EPA353.2 0.01 mg/L 

Carbonaceous BOD (CBOD5) SM 5210B 2 mg/L 

Total Suspended Solids (TSS) SM 2540D 1 mg/L 

Sulfate (SO4) EPA300.0 0.2 mg/L 

Hydrogen Sulfide Unionized (H2S) SM4500S F 0.01 mg/L 

Sulfide SM4500S F 0.1 mg/L 
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Section 4.0 

Results and Discussion 

4.1 Monitoring Events 

As discussed in Section 3.2.1.1, ten monitoring events were conducted over 1,038 days 

by the schedule shown in Table 4.1.  Each sampling event consisted of monitoring of field 

parameters, collection of water samples for laboratory analyses, and measurement of flow 

volumes and adjustment of flow rates if warranted.  The first seven sampling events pro-

vided the datasets used for the performance assessment of the majority of the PNRS II 

systems while Sample Events 8, 9 and 10 provided additional monitoring data for the ver-

tically stacked Stage 1/Stage 2 (In Situ) biofilters as described below and evaluated other 

biofilters under different loading rates. 

 

A comprehensive summary of the operating periods for each biofilter and their associated 

sample events is presented in Table 4.2.  Operating periods for individual biofilters were 

distinguished if significant modifications were made to their configuration or operation dur-

ing the pilot study.  This was necessary in order to delineate the specific sample events 

that comprise the basis for performance evaluation of each biofilter.  For eleven biofilters, 

no modification was made and their performance assessment was based on data from six 

to seven sample events in Operating Period 1 (Table 4.2).  Several denitrification filters 

performed poorly initially and were then modified, resulting in a distinction between oper-

ating periods 1a and 1b.  Data from operating period 1b was used for performance as-

sessment of seven denitrification biofilters (Table 4.2).  The original media in four ligno-

cellulosic biofilters was replaced with a new lignocellulosic media after Sample Event 4 in 

a trial to improve performance.  Two sulfur denitrification biofilters were modified after 

Sample Event 2 by replacing the media and revising the percentages of components.  So-

dium sesquicarbonate, the original alkalinity releasing portion of the media mix, was re-

placed with limestone.  For the glycerol fed denitrification biofilter (DENIT-GL1), period 1b 

corresponds to the monitoring period after which a successful glycerol dosing system was 

established.  Therefore, data from Periods 1b represent steady operation under the mod-

ified condition for these seven denitrification biofilters.  

 

Unsaturated biofilter UNSAT-CL5 was established after Sample Event 5, and was moni-

tored in only two sample events.  Prior to the establishment of UNSAT-CL5, the bioreactor 

tank contained a polystyrene media unsaturated biofilter.  The polystyrene biofilter exhib-

ited operational issues and poor performance, and required high recycle rates to achieve 
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less than optimal performance.  It was determined that this biofilter would not meet the 

goals of the study, and its operation and monitoring was discontinued.  

 

The vertically stacked Stage 1/Stage 2 (In Situ) biofilters underwent several modifications 

prior to Operating Period 4, which is the basis for their performance evaluation.  Modifica-

tions included saturation level, media configuration, applied flowrate, and the establish-

ment of a monitoring location above the sulfur layer in three of the units.  The number of 

sample event values used in the performance assessment of each biofilter ranged from a 

maximum of seven to two for UNSAT-CL5 (Table 4.2).  

Table 4.1 

PNRS II Monitoring Events 

Sample Event Date Experimental Day 

Start-up May 17, 2010 0 

Sample Event 1 July 1, 2010 45 

Sample Event 2 August 31, 2010 106 

Sample Event 3 November 10, 2010 177 

Sample Event 4 January 13, 2011 241 

Sample Event 5 March 17, 2011 304 

Sample Event 6 May 19, 2011 367 

Sample Event 7 June 23, 2011 402 

Sample Event 8 June 28, 2011 407 

Sample Event 9 September 15, 2011 486 

Sample Event 10 March 20, 2013 1,038 
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Table 4.2 

PNRS II Monitoring Events by Operating Periods 

 

Biofilter ID SE 1 SE 2 SE 3 SE 4 SE 5 SE 6 SE 7 SE 8 SE 9 SE 10 OP 1 OP 2 OP 3

UNSAT-EC1 1 1 1 1 1 1 2 3 6 1 1

UNSAT-EC3 1 1 1 1 1 1 1 2 3 7 1 1

UNSAT-CL1 1 1 1 1 1 1 2 3 6 1 1

UNSAT-CL3 1 1 1 1 1 1 1 2 3 7 1 1

UNSAT-PS1 X X X X X

UNSAT-CL5 1 1 2 3 2 1 1

UNSAT-SA2 1 1 1 1 1 1 2 3 6 1 1

UNSAT-EC4 1 1 1 1 1 1 2 3 6 1 1

UNSAT-CL2 1 1 1 1 1 1 2 3 6 1 1

UNSAT-CL4 1 1 1 1 1 1 2 3 6 1 1

Biofilter ID SE 1 SE 2 SE 3 SE 4 SE 5 SE 6 SE 7 SE 8 SE 9 SE 10 OP 1 OP 1a OP 1b OP 2 OP 3

DENIT-SU4 1a 1a 1b 1b 1b 1b 2 3 2 4 1 1

DENIT-LS3 1a 1a 1a 1a 1b 1b 1b 2 3 4 3 1 1

DENIT-SU3 1 1 1 1 1 1 2 3 6 1 1

DENIT-LS2 1a 1a 1a 1a 1b 1b 1b 2 3 4 3 1 1

DENIT-LS4 1a 1a 1a 1a 1b 1b 1b 2 3 4 3 1 1

DENIT-SU1 1 1 1 1 1 1 2 2 6 2

DENIT-SU2 1a 1a 1b 1b 1b 1b 2 2 2 4 2

DENIT-LS1 1a 1a 1a 1a 1b 1b 1b 2 2 4 3 2

DENIT-GL1 1a 1a 1b 1b 1b 1b 2 2 4 1

Biofilter ID SE 1 SE 2 SE 3 SE 4 SE 5 SE 6 SE 7 SE 8 SE 9 SE 10 OP 1 OP 2 OP 3 OP 4

UNSAT-IS1 1 2 3 3 4 4 4 4 4 1 1 2 5

UNSAT-IS2 1 2 2 2 4 4 4 4 4 1 3 5

UNSAT-IS3 3 3 4 4 4 4 2 4

UNSAT-IS4 3 3 4 4 4 4 2 4

Operating period 3, post mortem

Opearing period 1

Sample Events per Operating Period

Sample Events per Operating Period

Group A Stage 1 Single Pass Biofilters Operating Period

Group B Stage 1 Recirculating Biofilters Operating Period

Group A Stage 2 Upflow Biofilters Operating Period

Group C Stage 2 Horizontal Biofilters Operating Period

Sample Events per Operating Period

Sample Events per Operating Period

Operating period 4, media modification

Group D Vertically Stacked Stage 1/Stage 2 Biofilters Operating Period Sample Events per Operating Period

Operating period 1, unsaturated operation

Operating period 2, saturated the bottom denitrification media layer

Operating period 3, media modification

Operating period 1a

Operating period 1b, media modification

Operating period 2, increased hydraulic loading rate

Operating period 3, post mortem

Operating period 1

Operating period 2, increased hydraulic loading rate
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4.2 Baseline Applied Flowrate 

Monitored flowrates during baseline monitoring are summarized in Table 4.3.  The mean 

relative error is the average percent difference of the monitored flowrate from the target 

flowrate.  Mean biofilter flowrates were within 10% of the target wastewater application 

rates using data for the core performance evaluation period (Table 4.2, Operating Period 

1, 1b or 4).  Standard deviations of flowrates were generally less than 15%. 

 

Table 4.3 

PNRS II Monitored Flowrates 

 

  Target Mean
Standard 

Deviation
Maximum Minimum 

UNSAT-EC1 56.9 5.2 64.3 50.8 2.3

UNSAT-EC3 55.9 6.2 65.3 47.3 0.5

UNSAT-CL1 57.8 2.1 60.5 55.7 3.9

UNSAT-CL3 53.7 6.2 63.6 45.1 -3.4

UNSAT-CL5 57.5 4.0 60.4 54.7 3.4

DENIT-SU4 51.0 2.2 53.9 48.5 -8.3

DENIT-LS3 57.2 3.6 61.2 54.2 2.8

DENIT-SU3 52.6 7.5 58.2 37.9 -5.5

DENIT-LS2 56.0 8.3 61.9 50.2 0.7

DENIT-LS4 59.8 4.6 64.8 55.9 7.4

UNSAT-SA2 214.6 5.2 221.7 208.6 -3.6

UNSAT-EC4 224.5 10.5 242.2 216.5 0.9

UNSAT-CL2 220.2 3.8 224.4 216.6 -1.1

UNSAT-CL4 182.5 73.2 223.7 51.8 -18.0

DENIT-SU1 7.3 0.2 7.6 7.2 -1.0

DENIT-SU2 7.4 0.2 7.6 7.1 -0.7

DENIT-LS1 7.2 0.0 7.2 7.2 -2.5

DENIT-GL1 7.1 0.2 7.2 6.8 -4.7

UNSAT-IS1 17.9 2.2 19.4 16.3 20.7

UNSAT-IS2 19.2 2.2 20.8 17.6 29.6

UNSAT-IS3 0.8 0.1 0.8 0.7 -14.0

UNSAT-IS4 0.8 0.1 0.9 0.8 -7.3

0.893

Flowrate, L/day Mean 

Relative 

Error, %

Biofilter
Process 

Component

14.8

Biofilter 

Group

Vertically 

Stacked Stage 

1/Stage 2 

Biofilter

222.6

7.41

A

B

C

55.7

55.7

Stage 1 Biofilter 

(unsaturated) 

Stage 2 Biofilter 

(saturated 

upflow)

Stage 1 Biofilter 

(unsaturated)

Stage 2 Biofilter 

(unsaturated 

horizontal)

D
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4.3 Primary Effluent Quality 

Primary effluent (PE) quality over the course of the baseline monitoring of the study is 

summarized in Table 4.4 and Figure 4-1.  As discussed in Section 3.1.3, a few operational 

modifications to the wastewater supply system for PNRS II were made with the intent to 

have STE more characteristic of typical STE from single family residences. Therefore fol-

lowing modifications, additional intermediate samples of STE, in addition to the PNRS II 

monitoring events, were collected on experimental Days 65, 87 and 141 as part of the 

effort to provide a suitable STE influent to the PNRS II experiments. Five day carbona-

ceous oxygen demand (CBOD5) was generally in the 50 to 90 mg/L range, which is on the 

lower side of typical single family home values but not atypical.  Mean total suspended 

solids (TSS) was 91 mg/L which is in a typical single family home range. Total nitrogen 

(TN) was generally 35 to 75 mg/L, which is a typical range.  Other water quality parameters 

in the primary effluent were within typical ranges for single family residential wastewater.  

The seasonal variation in STE data may perhaps be attributed to a seasonal pattern in 

use and/or infiltration into the GCREC sewer system during the rainy season. 
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Table 4.4 

PNRS II Primary Effluent Quality 

Parameter, mg/L n Mean SD Min Max 

Temp, C 10 24.76 4.39 13.7 28.3 

pH, pH units 10 7.1 1.0 6.4 7.6 

Dissolved Oxygen 8 1.41 1.21 0.040 2.8 

Specific Conductivity, uS 10 1,014 196 649 1,250 

Total Alkalinity 9 332 87 210 430 

CBOD5 10 66.8 27.0 22 94 

COD 6 251.7 69.7 180 380 

TSS 10 90.9 136.1 15 467 

TDS 7 390 80.4 240 470 

TN 9 55.5 19.9 30 80 

TKN 10 55.8 18.8 30 80 

Org N 9 9.1 3.7 5 15 

NH3-N 9 46.3 19.1 20 67 

(NO3+NO2)-N 9 0.035 0.019 0.010 0.06 

Total Phosphorus 3 9.0 3.5 6.6 13.0 

Fecal coliform, cfu/100 ml 5 3,335 33 80 77,000 
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Figure 4-1: PNRS II Primary Effluent Quality 
 

TSS = 467 
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4.4 Biofilter Core Performance Evaluation 

4.4.1 Stage 1 (Unsaturated) Biofilters 

Unsaturated biofilters include Group A Stage 1 single pass biofilters and Group B recir-

culating biofilters (Table 3.1).  The performance data described in this section is for the 

core performance evaluation period (Table 4.2, Sample Events 1 through 7).   

4.4.1.1 Stage 1 (Unsaturated) Biofilters Modifications 

In Sample Event 1, the unsaturated single pass biofilter with polystyrene media (UNSAT-

PS1) exhibited limited reduction of organic nitrogen and ammonia as well as a lower ef-

fluent dissolved oxygen than the other single pass Stage 1 unsaturated biofilters.  Visual 

observations of the media surface suggested that the STE application system resulted in 

a majority of dosing in the central area of the horizontal cross section of the media surface.  

Flow monitoring confirmed that water transported rapidly through the polystyrene media 

following an applied STE dose, unlike the other single pass Stage 1 biofilters.  This not 

unexpected result can be attributed to the much larger media size of polystyrene media 

and its limited water retention characteristics versus other Stage 1 media.  The results of 

Sample Event 2 also showed unacceptable performance of the polystyrene biofilter as 

currently configured.  Devices to more uniformly distribute the flow were investigated.  

Upon further evaluation and analyses, however, it was concluded that the properties of 

polystyrene media are not compatible with a practical, passive single pass or recycle un-

saturated biofilter.  Therefore, the polystyrene biofilter was replaced with clinoptilolite me-

dia (UNSAT-CL5) on April 14, 2011 (Day 332). 

4.4.1.2 Stage 1 (Unsaturated) Biofilters Performance 

Unsaturated biofilter effluent nitrogen concentrations are presented in Figures 4-2 through 

4-10 from baseline monitoring, which contain time series plots for influent (STE) TN, efflu-

ent TN, effluent (NO3+NO2)-N, and effluent NH3-N.  It is noted that in all unsaturated bio-

filters, effluent TN values are less than STE influent values.  In the recirculating biofilters, 

TN removal occurs in all sample events and is more pronounced.  This result is expected 

and is due to mixing the nitrified recycle stream with STE, allowing denitrification to occur 

using STE as the carbon source.  In all unsaturated biofilters, (NO3+NO2)-N profiles follow 

closely under the TN profiles, indicating that (NO3+NO2)-N comprises the majority of efflu-

ent nitrogen.  The difference between effluent TN and effluent (NO3+NO2)-N represents 

the sum of organic and ammonia nitrogen and for all unsaturated effluents is generally 

between 2 to 4 mg/L.  Ammonia levels are quite low in the effluents of all of the unsaturated 

biofilters, and consistently low for every sample event.   
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Figure 4-2: UNSAT-EC1 Nitrogen Time Series 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-3: UNSAT-EC3 Nitrogen Time Series 

Single Pass Expanded Clay: 15 inch depth 

Single Pass Expanded Clay: 30 inch depth 
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Figure 4-4: UNSAT-CL1 Nitrogen Time Series 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-5: UNSAT-CL3 Nitrogen Time Series 

Single Pass Clinoptilolite: 30 inch depth 

Single Pass Clinoptilolite: 15 inch depth 
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Figure 4-6: UNSAT-CL5 Nitrogen Time Series 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-7: UNSAT-SA2 Nitrogen Time Series 

Recirculating Sand: 30 inch depth 

Single Pass Clinoptilolite: 30 inch depth 
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Figure 4-8: UNSAT-EC4 Nitrogen Time Series 

 

 

 

 

 

 

 

 

 

 

Figure 4-9: UNSAT-CL2 Nitrogen Time Series 

Recirculating Clinoptilolite: 15 inch depth 

Recirculating Expanded Clay: 30 inch depth 
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Figure 4-10: UNSAT-CL4 Nitrogen Time Series 

4.4.1.3 Stage 1 (Unsaturated) Biofilters Core Performance Summary and Statistics 

Mean effluent values for water quality parameters are listed in Table 4.5 for the core per-

formance evaluation period (Table 4.2, Sample Events 1 through 7).  For each unsaturated 

biofilter, detailed nitrogen concentration data are listed for TN, TKN, Org N, NH3-N and 

(NO3+NO2)-N in Tables 4.6 through 4.10. Unsaturated biofilters were highly effective in 

treating primary effluent, with mean effluent CBOD5 of 2.2 mg/L or less, mean TSS and 

Org N of 4 mg/L or less, and mean NH3-N of 0.5 mg/L or less (Table 4.5). All unsaturated 

biofilters produced mean effluent DO of 6.3 to 8.1 mg/L and near neutral pH.  Removal 

efficiencies are summarized in Table 4.11.   

 

Removal efficiency for TSS, CBOD5 and Total Nitrogen, Total Kjeldahl Nitrogen, and Or-
ganic Nitrogen were calculated as: 

% 𝑅𝐸     =      
𝐶𝑖𝑛𝑓 − 𝐶𝑒𝑓𝑓

𝐶𝑖𝑛𝑓
   𝑥  100   

where   % RE         =  percent removal efficiency 
  Cinf  =  influent concentration 
    Ceff  =  effluent concentration 

 

Recirculating Clinoptilolite: 30 inch depth 
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Mean removal efficiencies of CBOD5 and TSS exceeded 95%.  Mean TKN removal effi-

ciencies were 90 to 95%, while Org N mean removals were 57 to 76%.  

 

Ammonia removal efficiencies were calculated using an effective influent ammonia con-

centration, which was defined as the sum of the analytical influent NH3-N and the differ-

ence in organic N between influent and effluent.  The effective influent NH3 concept as-

sumes that the release of ammonium due to ammonification of influent organic nitrogen is 

equal to the difference between influent organic N and effluent organic N. The effective 

influent ammonium nitrogen then equals the analytical influent NH3-N plus the NH3-N 

release from ammonification. Using the effective influent ammonia concept, the ammonia 

removal efficiency for the biofilter is calculated as: 

% 𝑁𝐻3 𝑅𝐸     =      
𝑇𝐾𝑁𝑖𝑛𝑓 − 𝑇𝐾𝑁𝑒𝑓𝑓

𝑇𝐾𝑁𝑖𝑛𝑓 −  𝑂𝑟𝑔𝑁𝑒𝑓𝑓
   𝑥  100   

where   % NH3 RE  =  percent ammonia removal efficiency 
  TKNinf    =  influent Total Kjeldahl Nitrogen 
    TKNeff         =  effluent Total Kjeldahl Nitrogen 
    OrgNeff  =  effluent Organic Nitrogen 

 

Mean ammonia removal efficiencies for all unsaturated biofilters were greater than 99%.  

The change in chemical parameters that occurs across unsaturated biofilters is an im-

portant metric of biofilter function and of the interaction of biochemical reactions with the 

wastewater matrix.  Mean chemical parameter changes are listed in Table 4.12. All un-

saturated biofilters provided effective DO increase (4.4 to 6.4 mg/L) as is needed to effect 

the desired aerobic reactions.  Although all biofilters experienced significant alkalinity de-

clines, the changes in pH were all less than one half pH unit, thus maintaining suitable 

conditions for nitrification. 
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Table 4.5 

Stage 1 (Unsaturated) Biofilters Mean Effluent Values 

Table 4.6 

Stage 1 (Unsaturated) Biofilters Effluent Total N Data 

 
Biofilter Mean 

Standard  

Deviation 
Minimum Maximum n 

S
in

g
le

 P
a
s
s
 

UNSAT-EC1 44.7 18.7 21.2 66.8 6 

UNSAT-EC3 42.5 23.3 21.2 85.9 7 

UNSAT-CL1 41.0 20.6 20.7 78.2 6 

UNSAT-CL3 44.5 22.2 22.8 82.7 7 

UNSAT-CL51 15.2 13.2 5.8 24.5 2 

R
e
c
ir
c
u
la

ti
n

g
 UNSAT-SA2 30.8 9.4 19.2 41.5 6 

UNSAT-EC4 34.5 12.4 18.9 52.3 6 

UNSAT-CL2 35.3 14.3 17.1 56.3 6 

UNSAT-CL4 33.0 13.0 10.3 45.1 6 

1UNSAT-CL5 limited data (n=2), therefore not comparable to other biofilters 

 

  

Biofilter C-BOD5 COD TSS TN TKN Organic N NH3-N
(NO3+NO2) -

N

Dissolved 

Oxygen
pH

Total 

Alkalinity

Fecal 

coliform, 

cfu/100 

ml

UNSAT-EC1 2.0 15.3 1.2 44.7 3.5 3.0 0.510 41.2 7.0 7.0 152 43

UNSAT-EC3 2.0 13.3 1.5 42.5 3.4 3.0 0.417 39.1 6.5 7.0 177 2

UNSAT-CL1 2.0 17.0 2.2 41.0 3.1 3.1 0.012 37.9 6.4 7.5 207 29

UNSAT-CL3 2.0 20.0 1.3 44.5 3.3 3.3 0.020 41.2 7.6 7.7 282 7

UNSAT-CL5 2.0 - 1.0 15.2 2.9 2.7 0.228 12.3 6.8 7.7 280 24

UNSAT-SA2 2.2 17.3 4.0 30.8 2.9 2.6 0.255 28.0 6.9 6.8 128 10

UNSAT-EC4 2.0 14.3 2.2 34.5 2.4 2.4 0.015 32.1 7.9 7.1 137 3

UNSAT-CL2 2.2 21.0 2.3 35.3 2.6 2.6 0.010 32.7 6.0 7.3 163 39

UNSAT-CL4 2.0 13.3 2.5 33.0 4.0 4.0 0.010 29.0 8.1 7.4 192 3

S
in

g
le

 P
a

s
s

R
e

c
ir

c
u
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Table 4.7 

Stage 1 (Unsaturated) Biofilters Effluent TKN Data 

 
Biofilter Mean 

Standard  

Deviation 
Minimum Maximum n 

S
in

g
le

 P
a
s
s
 

UNSAT-EC1 3.5 1.2 2.0 4.8 6 

UNSAT-EC3 3.4 1.1 2.0 4.9 7 

UNSAT-CL1 3.1 1.0 2.6 5.2 6 

UNSAT-CL3 3.3 0.6 2.7 4.2 7 

UNSAT-CL51 2.9 0.6 2.5 3.3 2 

R
e
c
ir
c
u
la

ti
n

g
 UNSAT-SA2 2.9 0.6 2.1 3.5 6 

UNSAT-EC4 2.4 0.3 1.9 2.9 6 

UNSAT-CL2 2.6 0.5 2.0 3.2 6 

UNSAT-CL4 4.0 3.9 2.1 12.0 6 

1UNSAT-CL5 limited data (n=2), therefore not comparable to other biofilters 

Table 4.8 

Stage 1 (Unsaturated) Biofilters Effluent Org N Data 

 
Biofilter Mean 

Standard  

Deviation 
Minimum Maximum n 

S
in

g
le

 P
a
s
s
 

UNSAT-EC1 3.0 1.0 2.0 4.3 6 

UNSAT-EC3 3.0 0.7 2.0 4.0 7 

UNSAT-CL1 3.1 1.0 2.6 5.2 6 

UNSAT-CL3 3.3 0.6 2.7 4.1 7 

UNSAT-CL51 2.7 0.3 2.5 2.9 2 

R
e
c
ir
c
u
la

ti
n

g
 UNSAT-SA2 2.6 0.5 2.0 3.3 6 

UNSAT-EC4 2.4 0.3 1.9 2.9 6 

UNSAT-CL2 2.6 0.5 2.0 3.2 6 

UNSAT-CL4 4.0 3.9 2.1 12.0 6 

1UNSAT-CL5 limited data (n=2), therefore not comparable to other biofilters 
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Table 4.9 

Stage 1 (Unsaturated) Biofilters Effluent NH3-N Data 

 
Biofilter Mean 

Standard  

Deviation 
Minimum Maximum n 

S
in

g
le

 P
a
s
s
 

UNSAT-EC1 0.51 0.78 0.01 1.70 6 

UNSAT-EC3 0.40 0.90 0.01 2.40 7 

UNSAT-CL1 0.01 0.01 0.01 0.02 6 

UNSAT-CL3 0.02 0.02 0.01 0.06 7 

UNSAT-CL51 0.23 0.31 0.01 0.45 2 

R
e
c
ir
c
u
la

ti
n

g
 UNSAT-SA2 0.26 0.35 0.01 0.74 6 

UNSAT-EC4 0.01 0.01 0.01 0.04 6 

UNSAT-CL2 0.01 0.01 0.01 0.02 6 

UNSAT-CL4 0.01 0.01 0.01 0.02 6 

1UNSAT-CL5 limited data (n=2), therefore not comparable to other biofilters 

Table 4.10 

Stage 1 (Unsaturated) Biofilters Effluent (NO3+NO2)-N Data 

 
Biofilter Mean 

Standard  

Deviation 
Minimum Maximum n 

S
in

g
le

 P
a
s
s
 

UNSAT-EC1 41.2 17.7 19.0 62.0 6 

UNSAT-EC3 39.1 22.6 17.0 81.0 7 

UNSAT-CL1 37.9 19.7 18.0 73.0 6 

UNSAT-CL3 41.2 22.5 20.0 80.0 7 

UNSAT-CL51 12.3 13.8 2.5 22.0 2 

R
e
c
ir
c
u
la

ti
n

g
 UNSAT-SA2 28.0 8.8 17.0 38.0 6 

UNSAT-EC4 32.1 12.3 17.0 50.0 6 

UNSAT-CL2 32.7 14.2 15.0 54.0 6 

UNSAT-CL4 29.0 14.5 7.9 43.0 6 

1UNSAT-CL5 limited data (n=2), therefore not comparable to other biofilters 

 

  



O
:\
4

4
2

3
7
-0

0
1
R

0
1
1
\W

p
d

o
c
s
\R

e
p

o
rt

\F
in

a
l 

 

4.0 Results and Discussion  April 2014 

FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY PAGE 4-18 

PNRS II TEST FACILITY FINAL REPORT HAZEN AND SAWYER, P.C. 

Table 4.11 

Stage 1 (Unsaturated) Biofilters Mean Removal Efficiencies (%) 

 Biofilter CBOD5 TSS TN TKN Organic N NH3-N 

S
in

g
le

 P
a
s
s
 

UNSAT-EC1 95.4 98.3 29.1 94.2 70.8 99.25 

UNSAT-EC3 95.4 97.5 29.4 93.7 65.1 99.33 

UNSAT-CL1 95.4 93.9 34.4 94.6 70.7 99.98 

UNSAT-CL3 95.4 98.0 24.7 93.4 61.2 99.95 

UNSAT-CL51 95.7 99.8 61.3 92.3 55.9 99.31 

R
e
c
ir
c
u
la

ti
n

g
 UNSAT-SA2 95.2 95.3 48.9 95.1 74.8 99.62 

UNSAT-EC4 95.4 98.0 43.8 95.7 76.0 99.97 

UNSAT-CL2 95.2 96.5 42.7 95.3 74.4 99.98 

UNSAT-CL4 95.4 93.3 46.9 91.7 57.2 99.98 

1UNSAT-CL5 limited data (n=2), therefore not comparable to other biofilters 

Table 4.12 

Stage 1 (Unsaturated) Biofilters Mean Chemical Change across Biofilter 

 
Biofilter 

Dissolved  

Oxygen 
pH 

Total  

Alkalinity 

Specific  

Conductivity 

S
in

g
le

 P
a
s
s
 

UNSAT-EC1 5.20 -0.14 -210 -65 

UNSAT-EC3 5.02 -0.23 -184 -8 

UNSAT-CL1 4.71 0.22 -155 60 

UNSAT-CL3 6.05 0.48 -80 156 

UNSAT-CL51 5.20 0.55 -100 160 

R
e
c
ir
c
u
la

ti
n

g
 UNSAT-SA2 5.19 -0.46 -233 -211 

UNSAT-EC4 6.24 -0.19 -225 -182 

UNSAT-CL2 4.35 0.04 -198 -135 

UNSAT-CL4 6.40 0.19 -170 -103 

1UNSAT-CL5 limited data (n=2), therefore not comparable to other biofilters 

Unsaturated biofilter effluent nitrogen concentrations are compared in Figures 4-11 

through 4-15, which are box and whisker plots of TN, TKN, Org N, NH3-N, and (NO3+NO2)-

N, respectively. The box and whiskers plots provide immediate comparative visualization 

of biofilter effluent nitrogen levels, including the center and spread of the distribution.  The 

box plots provide a “five point” summary of data values, including the median, minimum 
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and maximum values, and upper and lower quartiles. The box plots show the 25th and 75th 

percentiles as bounded by the shaded area.  The median is shown as a solid line between 

the quartiles, and maximum and minimum are horizontal “whisker” lines. A minimum of 

three data points are needed to compute 25th and 75th percentiles.  With fewer than three 

data points, the data points are indicated with hatchmarks and quartiles are not shown. 

The sample mean is also shown as a horizontal dotted line. The box and whisker analyses 

are non-parametric and make no assumptions of the underlying statistical distribution of 

data.   

Recirculating biofilter effluent TN concentrations were generally lower than single pass 

effluent TN (Figure 4-11), as influenced by effluent Organic N levels (Figure 4-13).  Effluent 

ammonia levels were consistently less than 1 mg/L as N in all unsaturated effluents with 

the lowest levels in clinoptilolite effluents (Figure 4-14). Recirculating biofilters effluent 

(NO3+NO2)-N was generally lower than in the single pass biofilters (Figure 4-15). This 

result was likely due to denitrification in the recirculation basin where nitrified effluent was 

mixed with STE prior to the biofilters. 
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*UNSAT-CL5 limited data (n=2), therefore not comparable to other biofilters 

 
Figure 4-11: Stage 1 (Unsaturated) Biofilters  

Effluent Total N Box and Whisker Plot 
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*UNSAT-CL5 limited data (n=2), therefore not comparable to other biofilters 

 
Figure 4-12: Stage 1 (Unsaturated) Biofilters  

Effluent TKN Box and Whisker Plot 
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*UNSAT-CL5 limited data (n=2), therefore not comparable to other biofilters  

Figure 4-13: Stage 1 (Unsaturated) Biofilters  

Effluent Org N Box and Whisker Plot 
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*UNSAT-CL5 limited data (n=2), therefore not comparable to other biofilters  

 

Figure 4-14: Stage 1 (Unsaturated) Biofilters  

Effluent NH3-N Box and Whisker Plot 
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*UNSAT-CL5 limited data (n=2), therefore not comparable to other biofilters  

 

Figure 4-15: Stage 1 (Unsaturated) Biofilters  

Effluent (NO3+NO2)-N Box and Whisker Plot 

The nitrogen performance of unsaturated biofilters was compared using a number of sta-

tistical procedures (Table 4.13).  Effluent concentrations (raw data) of five nitrogen species 
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enough that they were statistically significant and could not be attributed to random sam-

pling variability.  Statistical tests were also performed for removal efficiency of nitrogen 

species including TN, TKN, Org N and NH3-N.  A parametric Analysis of Variance (One 

Way ANOVA) procedure was employed for datasets that passed the Shapiro-Walk test 

for normality (p< 0.05) and equal variance test (p<0.05).  For non-normal or unequal var-

iance datasets, a Kruskal-Wallis One Way Analysis of Variance on ranks was performed.  
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a Mann-Whitney Rank Sum test was employed for non-normally distributed data.  The 

limited number of data points may have limited the ability of statistical tests to elucidate 

significant differences in some cases.  Differences between recirculating and single pass 

unsaturated biofilters were statistically significant for effluent Org N and TKN and for TN 

and TKN removal efficiency.  The effect of unsaturated media type (sand, expanded clay, 

clinoptilolite) on effluent TN concentration was not significant (One Way Analysis of Vari-

ance).  TN effluent concentration was compared with a Two Way ANOVA to compare 

three media types and two media depths (Table 4.13).  Effluent TN differences were not 

significant for either media or depth factors.  A Two Way ANOVA was performed to com-

pare the effects of three media types and two flow modes (single pass and recycle) on TN 

effluent concentrations (Table 4.13).  Effluent TN differences were not significant for either 

media or flow mode factors. 



O
:\
4

4
2

3
7
-0

0
1
R

0
1
1
\W

p
d

o
c
s
\R

e
p

o
rt

\F
in

a
l 

 

4.0 Results and Discussion  April 2014 

FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY PAGE 4-26 

PNRS II TEST FACILITY FINAL REPORT HAZEN AND SAWYER, P.C. 

Table 4.13 

Stage 1 (Unsaturated) Biofilters Effluent Statistical Analyses 

  

Nitrogen Species Biofilters Statistical Test
Statistically significant 

difference of means

Total Nitrogen 1-9 One Way ANOVA No

Total Nitrogen 1-5 vs. 6-9
Mann-Whitney Rank Sum 

Test
No

Total Kjeldahl Nitrogen 1-9 Kruskall-Wallis No

Total Kjeldahl Nitrogen 1-5 vs. 6-9
Mann-Whitney Rank Sum 

Test

Yes, lower TKN in recycle 

vs. single pass

Organic Nitrogen 1-9 Kruskall-Wallis No

Organic Nitrogen 1-5 vs. 6-9
Mann-Whitney Rank Sum 

Test

Yes, lower OrgN in 

recycle vs. single pass

Ammonia Nitrogen 1-9 Kruskall-Wallis No

Ammonia Nitrogen 1-5 vs. 6-9
Mann-Whitney Rank Sum 

Test
No

Nitrate + Nitrite Nitrogen 1-9 Kruskall-Wallis No

Nitrate + Nitrite Nitrogen 1-5 vs. 6-9 Kruskall-Wallis No

Total Nitrogen Removal 

Efficiency
1-9 Kruskall-Wallis Yes

Total Nitrogen Removal 

Efficiency
1-5 Kruskall-Wallis No

Total Nitrogen Removal 

Efficiency
6-9 One Way ANOVA No

Total Nitrogen Removal 

Efficiency
1-5 vs. 6-9

Mann-Whitney Rank Sum 

Test

Yes,  TN removal 

efficiency higher in 

recycle vs. single pass

Total Kjeldahl Nitrogen 

Removal Efficiency
1-5 vs. 6-9

Mann-Whitney Rank Sum 

Test

Yes,  TKN removal 

efficiency higher in 

recycle vs. single pass

Organic Nitrogen Removal 

Efficiency
1-5 vs. 6-9

Mann-Whitney Rank Sum 

Test
No

Ammonia Removal Efficiency
1 1-5 vs. 6-9

Mann-Whitney Rank Sum 

Test
No

Total Nitrogen
Sand (6) vs. Exp Clay (1,2,7) 

vs. Clino (3,4,5,8,9)
Kruskall-Wallis No
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Table 4.13 (continued)  

Stage 1 (Unsaturated) Biofilters Effluent Statistical Analyses 

4.4.2 Stage 2 (Saturated) Biofilters 

Stage 2 saturated biofilters include Group A upflow biofilters and Group C horizontal bio-

filters (Table 3.1). 

4.4.2.1 Stage 2 (Saturated) Biofilters Modifications 

The three upflow and one horizontal denitrification biofilters with lignocellulosic media 

showed limited (NO3+NO2)-N reduction in Sample Events 1 through 4.  Possible reasons 

are hydraulic residence time, lack of reactivity of lignocellulosic material, toxicity (release 

of toxic material from lignocellulosic material itself), or short circuiting as witnessed in a 

dye test performed. To investigate this potential problem, the media within all the biofilters 

containing lignocellulosic media was replaced with new lignocellulosic material from a dif-

ferent source on Day 256. The new lignocellulosic material was composed of sawdust and 

woodchip material (1-30 mm) originating from interior sections of Southern Yellow Pine 

and did not include bark; it was produced by sawing operations at a Florida sawmill.  The 

one horizontal and three upflow denitrification biofilters containing lignocellulosic media 

were rebuilt using the same configurations and media percentages. The media was re-

placed and percentages revised on Day 161 in sulfur-containing biofilters DENIT-SU2 and 

DENIT-SU4.  Sodium sesquicarbonate, the original alkalinity releasing portion of the me-

dia mix, was replaced with limestone.     

Total Nitrogen Media (3) vs. Media Depth (2)
2 Way ANOVA, General 

Linear Model
Media factor, No

15 inch depth 30 inch depth Depth factor, No

Sand 6

Expanded Clay 1 2,7

Clinoptilolite 3,8 4,9

Total Nitrogen Media (3) vs.Flow mode (2)
2 Way ANOVA, General 

Linear Model
Media factor, No

Single Pass Recycle Flow Mode factor, No

Sand 6

Expanded Clay 1,2 7

Clinoptilolite 3,4,5 8,9

1= UNSAT-EC1; 2= UNSAT-EC3; 3=UNSAT-CL1; 4= UNSAT-CL3; 5= UNSAT-CL5; 6= UNSAT-SA2; 7= UNSAT-EC4

8= UNSAT-CL2; 9= UNSAT-CL5
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4.4.2.2 Stage 2 (Saturated) Biofilters Performance 

Saturated biofilter effluent nitrogen concentrations are presented from baseline monitoring 

in Figures 4-16 through 4-21, which contain time series plots for influent and effluent 

(NO3+NO2)-N.  The influent (NO3+NO2)-N to the single pass saturated biofilters (Figures 

4-16 to 4-20) is the effluent (NO3+NO2)-N from the directly connected single pass Stage 1 

unsaturated biofilter (Figure 3-2).  Influent (NO3+NO2)-N to the horizontal saturated biofil-

ters is a combined effluent from the recirculating Stage 1 unsaturated biofilters (Figure 4-

21).  Vertical lines demarcate the bioreactor operating periods that correspond to the sam-

ple event matrix presented in Table 4.2. All nitrogen in denitrification biofilter influent was 

dominated by (NO3+NO2)-N (Figures 4-16 to 4-21).  Effluent TN was also dominated by 

(NO3+NO2)-N and effluent TN profiles consequently follow the (NO3+NO2)-N profiles. Up-

flow and horizontal sulfur-containing biofilters consistently achieved effluent (NO3+NO2)-

N less than 0.5 mg/L.  For lignocellulosic-containing biofilters, (NO3+NO2)-N removal per-

formance improved following the change of media, but never reached the same perfor-

mance as the sulfur based biofilters. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-16: DENIT-SU4 Nitrogen Time Series 
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Figure 4-17: DENIT-LS3 Nitrogen Time Series 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-18: DENIT-SU3 Nitrogen Time Series 
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Figure 4-19: DENIT-LS2 Nitrogen Time Series 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-20: DENIT-LS4 Nitrogen Time Series 
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Figure 4-21: Stage 2 Horizontal Biofilters Nitrogen Time Series 

4.4.2.3 Stage 2 (Saturated) Biofilters Performance Summary and Statistics 

Mean effluent values for water quality parameters are listed in Table 4.14 for the core 

performance evaluation period (Table 4.2, Operating Period 1 or 1b).  The operating pe-

riod chosen was based on the biofilter configuration after modifications to improve perfor-

mance.  For each saturated biofilter, detailed nitrogen concentration data are listed for TN, 

TKN, Org N, NH3-N and (NO3+NO2)-N in Tables 4.15 through 4.19. Saturated biofilters 

with sulfur media were uniformly highly effective in removing oxidized nitrogen (NO3+NO2)-

N, with mean effluent (NO3+NO2)-N of 0.22 mg/L and less.   

 

Saturated biofilters with lignocellulosic media were not uniformly effective in removing ox-

idized nitrogen (NO3+NO2)-N, with mean effluent (NO3+NO2)-N ranging from 0.02 to 6 

mg/L (Table 4.14).  Lignocellulosic biofilter removal performance for (NO3+NO2)-N ap-

peared to improve when biofilters received replacement Southern Yellow Pine (SYP) lig-

nocellulosic from Suwannee Lumber Company.  For example, DENIT-LS1 was operated 

on the replacement SYP and mean effluent (NO3+NO2)-N in three monitoring events was 

0.02 mg/L (Table 4.19).  However, it was also noted that the DENIT-LS1 horizontal satu-

rated biofilter had a longer hydraulic retention time as compared to the saturated upflow 

lignocellulosic denitrification biofilters.  Therefore, the DENIT-LS1 results could indicate 
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that a longer retention time is needed for the lignocellulosic media biofilters. The DENIT-

LS1 results also suggest that potentially the longer hydraulic retention time is associated 

with a higher concentration of organic nitrogen (TKN) which may be attributed to soluble 

TKN from the lignocellulosic media itself.  To further evaluate the effect of retention time, 

(NO3+NO2)-N reduction as a function of retention time from the various saturated lignocel-

lulosic-containing biofilters was plotted to examine any trends (Figure 4-22).  While data 

is limited and the linear correlation is not extremely high, there does appear to be a trend 

that indicates increasing (NO3+NO2)-N reduction with time in the Stage 2 lignocellulosic 

biofilter data.  These results indicate that lignocellulosic material could be a potential me-

dia for saturated anoxic denitrification biofilters, but that designs using the media should 

incorporate a much longer retention time than used in the pilot systems here. 

 

Figure 4-22: Stage 2 Lignocellulosic Biofilters (NO3+NO2)-N Reduction with Time  
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The influent to the DENIT-LS4 biofilter was effluent from the directly connected unsatu-

rated polystyrene biofilter (UNSAT-PS1) which was converted to a clinoptilolite biofilter 

(UNSAT-CL5) as previously discussed. The performance results for DENIT-LS4 include 

one sample event prior to the conversion.  The UNSAT-PS1 biofilter did not successfully 

nitrify; therefore, the influent to DENIT-LS4 contained high levels of NH3-N. The DENIT-

LS4 biofilter successfully denitrified the relatively low influent (NO3+NO2)-N; however, the 

DENIT-LS4 effluent contained NH3-N (TKN). This result confirms that NH3-N will be readily 

transported through anoxic denitrification biofilters which are at the same time capable of 

achieving significant (NO3+NO2)-N reduction.    

 

The glycerol fed horizontal biofilter (DENIT-GL1) performed well, with a mean effluent 

(NO3+NO2)-N (0.84 mg/L) that was higher than sulfur-containing biofilters. The higher 

mean (NO3+NO2)-N in DENIT-GL1 effluent was due to a high (NO3+NO2)-N in the first 

monitoring event, for which glycerol dosing was found to be inadequate.  (NO3+NO2)-N 

was 0.15 mg/L or less in DENIT-GL1 effluent for the four subsequent monitoring events 

when glycerol dosing was adequate (Table 4.2, Period 1b).  Thus, the glycerol fed anoxic 

biofilter appears to provide highly effective denitrification provided that glycerol dosing is 

effectively maintained.   

 

The fecal coliform data from the Stage 2 biofilter effluents is also very interesting.  All 

lignocellulosic and most of the sulfur Stage 2 biofilters exhibited very low fecal coliform 

densities, below 4 cfu/100 ml.  Thus, Stage 2 biofilters, especially lignocellulosic-contain-

ing, may be effective at reducing effluent fecal coliform numbers as well, an important 

result. 
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Table 4.14 

Stage 2 (Saturated) Biofilters Mean Effluent Values 

  

Table 4.15 

Stage 2 (Saturated) Biofilters Effluent Total N Data 

Biofilter Mean 
Standard  

Deviation 
Minimum Maximum n 

DENIT-SU4 1.3 0.3 0.9 1.7 4 

DENIT-LS3 8.3 9.9 1.7 19.8 3 

DENIT-SU3 2.6 0.5 1.9 3.0 6 

DENIT-LS2 17.3 9.6 7.1 26.3 3 

DENIT-LS4 5.9 7.1 1.5 14.0 3 

DENIT-SU1 2.5 0.4 2.0 3.0 6 

DENIT-SU2 1.6 1.3 0.8 3.5 4 

DENIT-LS1 10.0 14.8 1.1 27.0 3 

DENIT-GL1 3.8 2.2 1.9 6.5 4 

 

  

Biofilter C-BOD5 COD TSS TN TKN Organic N NH3-N
(NO3+NO2) -

N

Dissolved 

Oxygen
pH

Total 

Alkalinity

Fecal 

coliform, 

cfu/100 

ml

DENIT-SU4 2.0 21.7 2.8 1.3 1.2 0.9 0.32 0.075 2.8 7.1 220 2

DENIT-LS3 61.0 320 1.5 8.3 2.2 1.3 0.87 6.18 2.3 7.5 355 1

DENIT-SU3 6.0 38.5 6.2 2.6 2.6 1.4 1.14 0.047 1.8 7.2 235 2

DENIT-LS2 2.0 39.0 3.0 17.3 3.1 2.4 0.62 14.2 3.5 7.9 295 1

DENIT-LS4 4.5 90.0 7.5 5.9 5.6 0.9 4.71 0.22 1.2 7.8 315 1

DENIT-SU1 13.3 45.0 1.5 2.5 2.4 1.1 1.35 0.11 0.6 7.0 223 3

DENIT-SU2 8.5 29.7 3.5 1.6 1.6 1.0 0.58 0.035 0.6 7.0 215 2

DENIT-LS1 89.5 320 13.0 10.0 10.0 9.7 0.27 0.020 0.1 7.2 270 1

DENIT-GL1 10 35 2.5 3.8 3.8 0.63 3.12 0.07 0.48 6.80 383 32
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Table 4.16 

Stage 2 (Saturated) Biofilters Effluent TKN Data 

Biofilter Mean 
Standard  

Deviation 
Minimum Maximum n 

DENIT-SU4 1.2 0.3 0.9 1.6 4 

DENIT-LS3 2.2 0.7 1.6 3.0 3 

DENIT-SU3 2.6 0.5 1.8 3.0 6 

DENIT-LS2 3.1 1.2 1.7 4.0 3 

DENIT-LS4 5.6 7.2 1.4 14.0 3 

DENIT-SU1 2.4 0.4 1.9 2.9 6 

DENIT-SU2 1.6 1.3 0.7 3.5 4 

DENIT-LS1 10.0 14.8 1.1 27.0 3 

DENIT-GL1 3.8 2.2 1.9 6.3 4 

 

Table 4.17 

Stage 2 (Saturated) Biofilters Effluent Org N Data 

Biofilter Mean 
Standard  

Deviation 
Minimum Maximum n 

DENIT-SU4 0.9 0.1 0.8 1.1 4 

DENIT-LS3 1.3 0.4 0.9 1.6 3 

DENIT-SU3 1.4 0.7 0.2 2.2 6 

DENIT-LS2 2.4 0.9 1.7 3.5 3 

DENIT-LS4 0.9 0.8 0.0 1.5 3 

DENIT-SU1 1.1 0.7 0.3 2.1 6 

DENIT-SU2 1.0 0.6 0.5 1.9 4 

DENIT-LS1 9.7 15.0 0.9 27.0 3 

DENIT-GL1 0.6 0.4 0.2 1.0 4 

 

Table 4.18 

Stage 2 (Saturated) Biofilters Effluent NH3-N Data 

Biofilter Mean 
Standard  

Deviation 
Minimum Maximum n 

DENIT-SU4 0.32 0.30 0.10 0.77 4 

DENIT-LS3 0.87 0.48 0.46 1.40 3 

DENIT-SU3 1.14 0.85 0.46 2.70 6 

DENIT-LS2 0.62 1.02 0.02 1.80 3 

DENIT-LS4 4.70 8.00 0.01 14.00 3 

DENIT-SU1 1.35 0.69 0.46 2.40 6 

DENIT-SU2 0.58 0.70 0.03 1.60 4 

DENIT-LS1 0.27 0.31 0.01 0.61 3 

DENIT-GL1 3.12 2.20 0.90 5.80 4 
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Table 4.19 

Stage 2 (Saturated) Biofilters Effluent (NO3+NO2)-N Data 

Biofilter Mean 
Standard  

Deviation 
Minimum Maximum n 

DENIT-SU4 0.08 0.06 0.02 0.13 4 

DENIT-LS3 6.18 9.20 0.07 16.76 3 

DENIT-SU3 0.05 0.04 0.01 0.11 6 

DENIT-LS2 14.20 8.70 5.40 22.8 3 

DENIT-LS4 0.22 0.33 0.02 0.60 3 

DENIT-SU1 0.11 0.13 0.01 0.35 6 

DENIT-SU2 0.04 0.02 0.02 0.06 4 

DENIT-LS1 0.02 0.01 0.01 0.03 3 

DENIT-GL1 0.07 0.06 0.02 0.15 4 

 

(NO3+NO2)-N removal efficiencies for saturated biofilters are summarized in Table 4.20.  

The removal efficiency shown is the average from the core performance evaluation period. 

Mean (NO3+NO2)-N removal efficiencies of sulfur-containing biofilters were greater than 

95%.  Mean (NO3+NO2)-N removal efficiencies of lignocellulose-containing biofilters were 

62 to 92%.  Mean (NO3+NO2)-N removal efficiency of the glycerol fed biofilter was 95%.  

The change in chemical parameters that occurs across saturated biofilters is an important 

metric of biofilter function and of the interaction of biochemical reactions with the 

wastewater matrix.  Mean chemical parameter changes are listed in Table 4.21.  All satu-

rated biofilters provided a decrease in DO as is needed to effect the desired anoxic reac-

tions.  The pH change across the saturated biofilters was limited and ranged (-0.31 to 

+0.26), thus maintaining suitable conditions for denitrification. 
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Table 4.20 

Stage 2 (Saturated) Biofilters (NO3+NO2)-N Removal Efficiencies 

Biofilter 
(NO3+NO2)–N  

Removal Efficiency, % 

DENIT-SU4 99.8 
DENIT-LS3 71.2 
DENIT-SU3 99.8 
DENIT-LS2 52.2 
DENIT-LS4 91.9 
DENIT-SU1 99.5 
DENIT-SU2 99.8 
DENIT-LS1 99.9 
DENIT-GL1 99.7 

 

Table 4.21 

Stage 2 (Saturated) Biofilters Mean Chemical Change across Biofilter 

Biofilter 
Dissolved  

Oxygen 
pH Total Alkalinity 

Specific  

Conductivity 

DENIT-SU4 -4.88 0.11 7 306 
DENIT-LS3 -3.93 0.27 88 -20 
DENIT-SU3 -4.56 -0.31 28 352 
DENIT-LS2 -4.24 0.09 52 -11 
DENIT-LS4 -0.76 3.28 147 363 
DENIT-SU1 -7.36 -0.42 63 316 
DENIT-SU2 -7.28 -0.10 62 372 
DENIT-LS1 -7.39 -0.12 80 -8 
DENIT-GL1 -7.40 -0.48 242 134 

Saturated biofilter effluent nitrogen concentrations are compared in Figures 4-23 through 

4-27, which are box plots of TN, TKN, Org N, NH3-N, and (NO3+NO2)-N, respectively. The 

box and whiskers plots provide immediate comparative visualization of biofilter effluent 

nitrogen levels, including the center and spread of the distribution.  The box plots provide 

a “five point” summary of data values, including the median, minimum and maximum val-

ues, and upper and lower quartiles. The box plots show the 25th and 75th percentiles as 

bounded by the shaded area.  The median is shown as a solid line between the quartiles, 

and maximum and minimum are horizontal “whisker” lines. A minimum of three data points 

are needed to compute 25th and 75th percentiles, which are otherwise not shown. The 

sample mean is also shown as a horizontal dotted line. They are non-parametric and make 

no assumptions of the underlying statistical distribution of data.  TN, TKN, Org N and 

(NO3+NO2)-N appear to be higher in lignocellulosic-containing biofilter effluents than those 

in sulfur-containing and glycerol fed biofilter effluents (Figures 4-23, 4-24, 4-25 and 4-27) 

although some lignocellulosic-containing biofilters exhibit TN levels consistently less than 

10 mg/L and have (NO3+NO2)-N of less than 5 mg/L.  As previously discussed, the results 
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also suggest that potentially organic nitrogen (TKN) may be attributed to soluble TKN from 

the lignocellulosic media itself.   
 

Figure 4-23: Stage 2 (Saturated) Biofilters  

Effluent Total N Box and Whisker Plot 
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Figure 4-24: Stage 2 (Saturated) Biofilters  

Effluent TKN Box and Whisker Plot 

D
EN

IT
-S

U
4

D
EN

IT
-L

S3

D
EN

IT
-S

U
3

D
EN

IT
-L

S2

D
EN

IT
-L

S4

D
EN

IT
-S

U
1

D
EN

IT
-S

U
2

D
EN

IT
-L

S1

D
EN

IT
-G

L1

T
o

ta
l 

K
je

ld
a

h
l 

N
it

ro
g

e
n

, 
m

g
/L

0

2

4

6

8

10

12

14

16

18

20

22

24

26

28

Quartiles: shaded box
Median: solid line
Mean: dotted line

Upflow Horizontal 



O
:\
4

4
2

3
7
-0

0
1
R

0
1
1
\W

p
d

o
c
s
\R

e
p

o
rt

\F
in

a
l 

 

4.0 Results and Discussion  April 2014 

FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY PAGE 4-40 

PNRS II TEST FACILITY FINAL REPORT HAZEN AND SAWYER, P.C. 

Figure 4-25: Stage 2 (Saturated) Biofilters  

Effluent Org N Box and Whisker Plot 
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Figure 4-26: Stage 2 (Saturated) Biofilters  

Effluent NH3-N Box and Whisker Plot 
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Figure 4-27: Stage 2 (Saturated) Biofilters 

Effluent (NO3+NO2)-N Box and Whisker Plot 
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Figure 4-27A: Expanded Scale of Stage 2 (Saturated) Biofilters 

(NO3+NO2)-N Box and Whisker Plot 

The nitrogen performance of saturated biofilters was compared using a number of statis-

tical procedures (Table 4.22).  Effluent concentrations (raw data) of five nitrogen species 

were evaluated to test if the differences in the mean effluent concentrations were great 

enough that they were statistically significant and could not be attributed to random sam-

pling variability.  Statistical tests were also performed for removal efficiency of nitrogen 

species including TN, TKN, Org N and NH3-N.  A parametric Analysis of Variance (One 

Way ANOVA) procedure was employed for datasets that passed the Shapiro-Walk test 

for normality (p< 0.05) and equal variance test (p<0.05).  For non-normal or unequal var-

iance datasets, a Kruskal-Wallis One Way Analysis of Variance on ranks was performed.  

Similar values were employed for t test analyses for comparison of two data groups, where 

a Mann-Whitney Rank Sum test was employed for non-normally distributed data.  

 

 

 

 

Upflow Horizontal 



O
:\
4

4
2

3
7
-0

0
1
R

0
1
1
\W

p
d

o
c
s
\R

e
p

o
rt

\F
in

a
l 

 

4.0 Results and Discussion  April 2014 

FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY PAGE 4-44 

PNRS II TEST FACILITY FINAL REPORT HAZEN AND SAWYER, P.C. 

Table 4.22 

Stage 2 (Saturated) Biofilters Statistical Analyses 

 

 

Nitrogen Species Biofilter Numbers Test Statistically significant difference of means

Total Nitrogen 10 - 18 Kruskall-Wallis Yes, TN lower for sulfur vs. lignocellulosic

Total Kjeldahl Nitrogen 10 - 18 Kruskall-Wallis No

Organic Nitrogen 10 - 18 Kruskall-Wallis No

Ammonia Nitrogen 10 - 18 Kruskall-Wallis Yes

Nitrate + Nitrite Nitrogen 10 - 18 Kruskall-Wallis Yes

Nitrate + Nitrite Nitrogen 

Removal Efficiency
10 - 18 Kruskall-Wallis No

Total Nitrogen
Sulfur (10,12,15,16) vs. Ligno 

(11,13,14,17) vs. Glycerol (18)
Kruskall-Wallis Yes

Total Kjeldahl Nitrogen
Sulfur (10,12,15,16) vs. Ligno 

(11,13,14,17) vs. Glycerol (18)
Kruskall-Wallis No

Organic Nitrogen
Sulfur (10,12,15,16) vs. Ligno 

(11,13,14,17) vs. Glycerol (18)
Kruskall-Wallis No

Ammonia Nitrogen
Sulfur (10,12,15,16) vs. Ligno 

(11,13,14,17) vs. Glycerol (18)
Kruskall-Wallis Yes

Nitrate + Nitrite Nitrogen
Sulfur (10,12,15,16) vs. Ligno 

(11,13,14,17) vs. Glycerol (18)
Kruskall-Wallis

Yes, NOx is higher in lignocellulosic than 

sulfur or glycerol

Nitrate + Nitrite Nitrogen 

Removal Efficiency

Sulfur (10,12,15,16) vs. Ligno 

(11,13,14,17) vs. Glycerol (18)
Kruskall-Wallis No

Total Nitrogen Media (3) vs. MPRT (2)
2 Way ANOVA, General 

Linear Model

Media factor, Yes, TN lower in sulfur vs. 

lignocellulosic

MPRT factor, No

25.7 MPRT 43.1 MPRT

Sulfur 10,12 15,16

Southern yellow pine 11,13,14 17

Glycerol 18

10= DENIT-SU4; 11= DENIT-LS3; 12= DENIT-SU3; 13= DENIT-LS2; 14= DENIT-LS4; 15= DENIT-SU1; 16= DENIT-SU2

17= DENIT-LS1; 18= DENIT-GL1
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In overall comparisons of the nine saturated biofilters, differences between sulfur- and 

lignocellulosic-containing biofilter effluents were statistically significant for effluent TN, 

NH3, and (NO3+NO2)-N.  For One Way ANOVA comparison of three media (sulfur, ligno-

cellulosic, glycerol), (NO3+NO2)-N removal efficiency was significantly higher for sulfur as 

compared to lignocellulosic material.  TN effluent concentration was compared with a Two 

Way ANOVA to compare three media types and two Mean Pore Residence Times 

(MPRT), where 25.7 hour MPRT pertains to upflow saturated biofilters and 43.1 hour 

MPRT pertains to horizontal saturated biofilters (Table 4.22).  The media factor was sig-

nificant.  Effluent TN was significantly lower in biofilters containing sulfur media than lig-

nocellulosic material. 

4.4.3 Stacked Stage 1/Stage 2 Biofilters 

Stacked Stage 1 unsaturated / Stage 2 saturated (In Situ) biofilters include Group D single 

pass biofilters with different configurations of media in the upper twelve inches but the 

same media configuration in the lower sixteen inches (Table 3.6).   

4.4.3.1 Stacked Stage 1/Stage 2 Biofilters Modifications 

Initially UNSAT-IS1 and UNSAT-IS2 were operated completely unsaturated.  However, 

the first sample event results indicated a high sulfate concentration which was attributed 

to aerobic conditions; therefore the lower layer was modified to a saturated mode of oper-

ation on Day 63. However, UNSAT-IS1 results subsequently indicated poor nitrification.  

Therefore, an additional 3-inches of sand was added to the upper layer on Day 154.  In 

addition, two new columns with a modified media layering were started-up on Day 154. 

As previously discussed in Section 4.4.2.1, the biofilters with lignocellulosic media showed 

limited (NO3+NO2)-N reduction in Sample Events 1 through 4.  All four stacked Stage 

1/Stage 2 (In Situ) biofilters were rebuilt with revised media configurations and the new 

lignocellulosic media on Day 256.   

4.4.3.2 Stacked Stage 1/Stage 2 Biofilters Performance 

Performance was assessed using data from Operating Period 4 (Table 4.2), after the mod-

ifications discussed above.  The four vertically stacked biofilters contained a monitoring 

point in the gravel layer above the sulfur layer, which provided performance data for the 

biofilter media above the gravel layer (i.e. prior to sulfur media).  However, the monitoring 

point in UNSAT-IS1 did not produce sample volume for analysis.   

Stacked Stage 1/Stage 2 biofilter effluent nitrogen concentrations are presented for base-

line monitoring in Figures 4-28 through 4-31, which contain time series plots for influent 

(STE) TN, effluent TN, effluent NH3-N, effluent (NO3+NO2)-N, and (NO3+NO2)-N above 

the sulfur layer (where applicable).  Unfortunately, the UNSAT-IS1 above sulfur sample 
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port did not produce adequate sample volume for analysis.  The performance of the 

stacked Stage 1/Stage 2 biofilters was variable.  Ammonia removal was limited in UNSAT-

IS1, which did not produce effluent NH3-N below 5 mg/L.  UNSAT-IS2 appeared to provide 

good performance in two sample events, and had elevated effluent (NO3+NO2)-N in the 

last sample event.  UNSAT-IS3 and UNSAT-IS4 produced low effluent TN, NH3, and 

(NO3+NO2)-N in the last three sampling events. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-28: UNSAT-IS1 Nitrogen Time Series 
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Figure 4-29: UNSAT-IS2 Nitrogen Time Series 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-30: UNSAT-IS3 Nitrogen Time Series 
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Figure 4-31: UNSAT-IS4 Nitrogen Time Series 

 

4.4.3.3 Stacked Stage 1/Stage 2 Biofilters Performance Summary and Statistics 

Mean effluent values for water quality parameters are listed in Table 4.23 for the core 

performance evaluation period (Table 4.2, Operating Period 4).  For each biofilter, detailed 

nitrogen concentration data are listed for TN, TKN, Org N, NH3-N and (NO3+NO2)-N in 

Tables 4.24 through 4.28.  
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Table 4.23 

Stacked Stage 1/Stage 2 (In Situ) Biofilters Mean Effluent Values 

 

 

Table 4.24 

Stacked Stage 1/Stage 2 (In Situ) Biofilters Total N Data 

Biofilter Mean 
Standard  

Deviation 
Minimum Maximum n 

UNSAT-IS1 22.9 16.7 4.6 42.5 5 

UNSAT-IS2 24.5 26.5 2.0 62.2 5 

UNSAT-IS3 2.6 0.8 1.7 3.6 4 

UNSAT-IS4 4.2 4.3 1.8 10.6 4 

UNSAT-IS2 
above Sulfur 

35.4 38.7 1.8 85.0 4 

UNSAT-IS3 
above Sulfur 

13.3 6.4 7.2 21.4 4 

UNSAT-IS4 
above Sulfur 

12.0 8.3 3.3 23.1 4 

 

Biofilter Influent
Sample 

Location
C-BOD5 COD TSS TN TKN Organic N NH3-N

(NO3+NO2) -

N

Dissolved 

Oxygen
pH

Total 

Alkalinity

Fecal 

coliform, 

cfu/100 

ml

UNSAT-IS1
Primary 

Effluent
Final Effluent 35 142 4.8 22.9 20.6 3.6 17.0 2.2 5.1 7.1 280 7

Above Sulfur 7 67 2.3 35.1 4.7 1.6 3.10 30.7 1.2 5.7 67 1

Final Effluent 9 106 6.0 24.5 11.4 4.3 7.05 13.1 6.0 7.2 208 4

Above Sulfur 4.0 82 2.7 13.3 3.4 3.1 0.23 9.9 3.3 7.0 323 1

Final Effluent 4.0 72 5.7 2.6 2.4 1.4 0.98 0.3 5.0 7.3 317 3

Above Sulfur 5.7 71 9 12.0 2.9 2.5 0.37 9.1 2.1 7.0 307 1

Final Effluent 17 79 28 4.2 2.6 2.4 0.26 1.6 1.2 6.9 463 1

UNSAT-IS2

UNSAT-IS3

UNSAT-IS4

Primary 

Effluent

Primary 

Effluent

Nitrified 

Effluent
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Table 4.25 

Stacked Stage 1/Stage 2 (In Situ) Biofilters TKN Data 

Biofilter Mean 
Standard  

Deviation 
Minimum Maximum n 

UNSAT-IS1 20.6 14.7 3.3 37.0 5 

UNSAT-IS2 11.4 17.2 1.8 42.0 5 

UNSAT-IS3 2.4 0.9 1.6 3.6 4 

UNSAT-IS4 2.6 1.5 1.5 4.8 4 

UNSAT-IS2 
above Sulfur 

4.7 4.3 1.8 11.0 4 

UNSAT-IS3 
above Sulfur 

3.4 0.5 2.8 4.1 4 

UNSAT-IS4 
above Sulfur 

2.9 0.7 2.1 3.5 4 

 

Table 4.26 

Stacked Stage 1/Stage 2 (In Situ) Biofilters Org N Data 

Biofilter Mean 
Standard  

Deviation 
Minimum Maximum n 

UNSAT-IS1 3.6 5.3 0.2 13.0 5 

UNSAT-IS2 4.3 4.5 0.9 12.0 5 

UNSAT-IS3 1.4 0.5 0.8 2.0 4 

UNSAT-IS4 2.4 1.7 1.2 4.8 4 

UNSAT-IS2 
above Sulfur 

1.6 1.4 0.0 3.3 4 

UNSAT-IS3 
above Sulfur 

3.1 0.6 2.4 3.9 4 

UNSAT-IS4 
above Sulfur 

2.5 1.0 1.2 3.3 4 
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Table 4.27 

Stacked Stage 1/Stage 2 (In Situ) Biofilters NH3-N Data 

Biofilter Mean 
Standard  

Deviation 
Minimum Maximum n 

UNSAT-IS1 17.00 15.90 0.40 36.00 5 

UNSAT-IS2 7.10 12.90 0.40 30.00 5 

UNSAT-IS3 0.98 0.80 0.11 1.70 4 

UNSAT-IS4 0.26 0.26 0.04 0.59 4 

UNSAT-IS2 
above Sulfur 

3.10 5.27 0.28 11.00 4 

UNSAT-IS3 
above Sulfur 

0.23 0.16 0.06 0.45 4 

UNSAT-IS4 
above Sulfur 

0.37 0.34 0.07 0.86 4 

 

Table 4.28 

Stacked Stage 1/Stage 2 (In Situ) Biofilters (NO3+NO2)-N Data 

Biofilter Mean 
Standard  

Deviation 
Minimum Maximum n 

UNSAT-IS1 2.22 4.10 0.01 9.50 5 

UNSAT-IS2 13.14 24.78 0.04 57.00 5 

UNSAT-IS3 0.30 0.48 0.02 1.01 4 

UNSAT-IS4 1.60 2.80 0.03 5.80 4 

UNSAT-IS2 
above Sulfur 

30.70 34.60 0.02 74.00 4 

UNSAT-IS3 
above Sulfur 

9.90 6.70 3.10 18.00 4 

UNSAT-IS4 
above Sulfur 

9.10 8.20 1.20 20.50 4 

Three of the stacked Stage 1/Stage 2 biofilters treated primary effluent: UNSAT-IS1, UN-

SAT-IS2 and UNSAT-IS-3 (Table 3.1).  The stacked biofilters had variable effectiveness 

in treating primary effluent, with mean effluent CBOD5 of 2.5 to 13 before the sulfur layer 

and 4.5 to 62 mg/L in final effluent.  Mean TN was 10 to 27 mg/L before the sulfur layer 

and 2.6 to 21 mg/L in final effluent. Mean NH3-N was 0.28 to 0.55 mg/L before the sulfur 

layer and 1 to 20 mg/L in final effluent. Reduced nitrogen forms comprised the most sig-

nificant components of effluent TN in the stacked Stage 1/Stage 2 biofilters treating pri-

mary effluent (Tables 4.24 to 4.27). Mean (NO3+NO2)-N was 7 to 24 mg/L before the sulfur 

layer and 0.1 to 2.8 mg/L in final effluent.  The sulfur layer was highly significant to 
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(NO3+NO2)-N reduction in the stacked Stage 1/Stage 2 biofilters testing both primary ef-

fluent and nitrified effluent (Tables 4.23, 4.28). 

Removal efficiencies are summarized in Table 4.29.  Mean removal efficiencies from pri-

mary effluent ranged from 31 to 99% for CBOD5 and were 94% and greater for TSS. For 

systems treating primary effluent, mean removal efficiencies were 48 to 93% for TN and 

51 to 94% for Org-N.   The change in chemical parameters that occurs across the unsatu-

rated/saturated biofilters is an important metric of biofilter function and of the interaction 

of biochemical reactions with the wastewater matrix.  Mean chemical parameter changes 

are listed in Table 4.30.  Change in DO across the Stage 1/Stage 2 biofilters was variable, 

while pH declined across all biofilters with a maximum decline on 0.67 pH units (Table 

4.30). 

 

Table 4.29 

 Stacked Stage 1/Stage 2 (In Situ) Biofilters Mean Removal Efficiencies % 

 

 
Biofilter Sample Location C-BOD5 TSS TN TKN Organic N

UNSAT-IS1 Final Effluent 31.2 98.2 48.0 51.2 20.0

Above Sulfur 43.0 49.1 40.3 72.8 51.4

Final Effluent 78.2 94.7 56.9 73.3 43.0

Above Sulfur 95.7 98.7 62.0 91.1 46.5

Final Effluent 92.0 98.7 93.1 94.2 77.2

Above Sulfur 61.2 -4.7 12.8

Final Effluent 90.2 11.3 23.5

UNSAT-IS2

UNSAT-IS3

UNSAT-IS4
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Table 4.30 

Stacked Stage 1/Stage 2 (In Situ) Biofilters Mean Chemical Parameter Changes 

Biofilter 
Sample  

Location 

Dissolved 

Oxygen 
pH 

Total  

Alkalinity 

Specific  

Conductivity 

UNSAT-IS1 Final Effluent 1.75 -0.27 -78 -8 

UNSAT-IS2 
Above Sulfur 0.1 -0.54 -200 -159 

Final Effluent 1.1 -0.20 -98 27 

UNSAT-IS3 
Above Sulfur 0.1 -0.22 -132 138 

Final Effluent 1.0 -0.13 -83 193 

UNSAT-IS4 
Above Sulfur -6.1 -0.32 170 313 

Final Effluent -3.6 -0.47 84 -78 

Stacked Stage 1/Stage 2  biofilter nitrogen concentrations are compared in Figures 4-32 

through 4-36, which are box plots of TN, TKN, Org N, NH3-N, and (NO3+NO2)-N, respec-

tively.  The above sulfur (AS) data are for the monitoring locations above the sulfur media 

and reflect nitrogen performance at that location, and correspond to a biofilter without a 

sulfur media layer.  The box and whiskers plots provide immediate comparative visualiza-

tion of biofilter effluent nitrogen levels, including the center and spread of the distribution.  

The box plots provide a “five point” summary of data values, including the median, mini-

mum and maximum values, and upper and lower quartiles. The box plots shown the 25th 

and 75th percentiles as bounded by the shaded area.  The median is shown as a solid line 

between the quartiles, and maximum and minimum are horizontal “whisker” lines. A mini-

mum of three data points are needed to compute 25th and 75th percentiles, which are oth-

erwise not shown. The sample mean is also shown as a horizontal dotted line.  They are 

non-parametric and make no assumptions of the underlying statistical distribution of data.  

UNSAT-IS3 and UNSAT-IS4 appear to have lower effluent concentrations of TN, TKN, 

Org N and NH3-N (Figures 4-32 through 4-36).  For UNSAT-IS3 and UNSAT-IS4, effluent 

TN, Org N and (NO3+NO2)-N appear to be lower in final effluent than above the sulfur 

layer (Figures 4-32, 4-34 and 4-36).   
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Figure 4-32: Stacked Stage 1/Stage 2 (In Situ) Biofilters 
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Figure 4-33: Stacked Stage 1/Stage 2 (In Situ) Biofilters 

TKN Box and Whisker Plot 
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Figure 4-34: Stacked Stage 1/Stage 2 (In Situ) Biofilters 

Org N Box and Whisker Plot 
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Figure 4-35: Stacked Stage 1/Stage 2 (In Situ) Biofilters 

NH3-N Box and Whisker Plot 
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Figure 4-36: Stacked Stage 1/Stage 2 (In Situ) Biofilters 

(NO3+NO2)-N Box and Whisker Plot 

The nitrogen performance of the unsaturated/saturated biofilters was compared using a 

number of statistical procedures (Table 4.31).  Effluent concentrations (raw data) of five 

nitrogen species were evaluated to test if the differences in the mean effluent concentra-

tions from multiple sample events were great enough that they were statistically significant 

and could not be attributed to random sampling variability.  Statistical tests were also per-

formed to compare the removal efficiencies of TN, TKN, and Org N for the sample event 

data sets. A parametric Analysis of Variance (One Way ANOVA) procedure was employed 

for datasets that passed the Shapiro-Wilk test for normality (p< 0.05) and equal variance 

test (p<0.05).  For non-normal or unequal variance datasets, a Kruskal-Wallis One Way 

Analysis of Variance on ranks was performed.  Similar values were employed for t test 
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analyses for comparison of effluent TN and effluent (NO3+NO2)-N for stacked Stage 

1/Stage 2 (In Situ) biofilters with and without sulfur media.  One Way ANOVA and Kruskal-

Wallis tests did not show statistically significant differences in mean effluent concentra-

tions of the five nitrogen species and for mean removal efficiencies of TN, TKN and Org 

N (Table 4.31).  T tests for stacked Stage 1/Stage 2 (In Situ) biofilters with and without 

sulfur media did not show a statistically significant difference in mean effluent TN concen-

trations, but effluent (NO3+NO2)-N were significantly lower in systems with sulfur as com-

pared to without sulfur. 

 

Table 4.31 

Stacked Stage 1/Stage 2 (In Situ) Biofilters Statistical Analyses 

Nitrogen Species Biofilter Numbers Test
Statistically significant 

difference of means

Total Nitrogen 19 - 22 One Way ANOVA No

Total Kjeldahl Nitrogen 19 - 22 Kruskall-Wallis Yes

Organic Nitrogen 19 - 22 Kruskall-Wallis No

Ammonia Nitrogen 19 - 22 Kruskall-Wallis
Yes, NH3 lower in IS-4 than 

IS-1

Nitrate + Nitrite Nitrogen 19 - 22 Kruskall-Wallis No

Total Nitrogen Removal 

Efficiency
19 - 22 Kruskall-Wallis Yes

Total Kjeldahl Nitrogen 

Removal Efficiency
19 - 22 Kruskall-Wallis No

Organic Nitrogen 

Removal Efficiency
19 - 22 Kruskall-Wallis No

Total Nitrogen

With Sulfur (20,21,22) vs. 

Without Sulfur 

(20AS,21AS,22AS)

Mann-Whitney Rank 

Sum Test
No

NOx

With Sulfur (20,21,22) vs. 

Without Sulfur 

(20AS,21AS,22AS)

Mann-Whitney Rank 

Sum Test

Yes, effluent NOx 

significantly lower with 

sulfur vs. without sulfur

19= UNSAT-IS1; 20= UNSAT-IS2; 21= UNSAT-IS3; 22= UNSAT-IS4; 20AS = UNSAT-IS2 AS

21AS = UNSAT-IS3 AS; 22AS= UNSAT-IS4 AS
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4.4.4 Total Nitrogen Removal Efficiency 

The total nitrogen concentrations are compared with time (experimental days) in Figures 

4-37 through 4-39 for the single pass systems, recirculating systems and stacked Stage 

1/Stage 2 (In Situ) biofilter systems, respectively.  The single pass system TN is higher for 

biofilters containing lignocellulosic media than sulfur (Figure 4-37) under the conditions 

studied.  Lignocellulosic-containing recirculating biofilters also exhibit elevated effluent TN 

(Figure 4-37), as do vertically stacked configurations (Figure 4-38), when compared to 

sulfur as the reactive media, under the conditions studied. 

 

Overall Total Nitrogen (TN) removal efficiency from primary effluent was statistically com-

pared for biofilter systems representing complete treatment trains (Table 4.32).  These 

included five Group A systems (single pass Stage 1 with upflow Stage 2), four Group C 

systems (composite Group B Stage 1 with horizontal Stage 2), and three Group D systems 

(vertically stacked Stage 1/Stage 2). TN removal efficiency for each complete treatment 

train system was represented by the set of TN removal efficiencies for each sampling 

event. TN removal efficiency (raw data) was evaluated to test if the differences in the mean 

removals were great enough that they were statistically significant and could not be at-

tributed to random sampling variability.  A parametric Analysis of Variance (One Way 

ANOVA) procedure was employed for datasets that passed the Shapiro-Wilk test for nor-

mality (p< 0.05) and equal variance test (p<0.05).  For non-normal or unequal variance 

datasets, a Kruskal-Wallis One Way Analysis of Variance on ranks was performed.  Sim-

ilar values were employed for t test analyses for comparison of two data groups, where a 

Mann-Whitney Rank Sum test was employed for non-normally distributed data.  For com-

parative analysis of all eleven systems (One Way ANOVA), Mean TN removal efficiencies 

were statistically significant with higher TN removal efficiency for systems containing sulfur 

vs. lignocellulosic material.  Mean TN removal efficiencies were statistically greater for 

single pass and recirculating systems than for vertically stacked media systems (One Way 

ANOVA).  T test comparison (Mann-Whitney Rank Sum) of sulfur vs. lignocellulosic ma-

terial showed significantly higher mean TN removal efficiency for sulfur vs. lignocellulosic 

material systems (Table 4.32), under the conditions studied. 
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Table 4.32 

Overall Total N Removal Efficiency Statistical Tests 

 

 

 

 

 

 

 

 

 

 

 

 

Biofilter Systems Data Periods Test Result

Kruskall-Wallis One 

Way Analysis of 

Variance 

There is a statistically significant 

difference in means

Pairwise Multiple 

Comparison 

Procedures (Dunn's 

Method)

Higher TN Removal efficiency with 

sulfur than with ligno

1 - 12

Period 1: systems 3,6,9             

Period 1b: systems 1,2,4,5,7,8 

Period 4:systems 10 - 12

Kruskall-Wallis One 

Way Analysis of 

Variance 

There is a statistically significant 

difference in means

Kruskall-Wallis One 

Way Analysis of 

Variance 

There is a statistically significant 

difference in means

Pairwise Multiple 

Comparison 

Procedures (Dunn's 

Method)

Higher TN Removal efficiency with 

single pass and recycle versus in-

situ; no significant difference 

between single pass and recycle 

Ligno (2,4,5,8) vs. Sulfur 

(1,3,6,7)

Period 1: systems 3,6             

Period 1b: systems 1,2,4,5,7,8

Mann-Whitney Rank 

Sum Test

Higher TN Removal efficiency with 

sulfur than with ligno

1= UNSAT-EC1 / DENIT-SU4; 2= UNSAT-EC3 / DENIT-LS3; 3= UNSAT-CL1 / DENIT-SU3; 4= UNSAT-CL3 / DENIT-LS2

5= UNSAT-CL5 / DENIT-LS4; 6= DFT / DENIT-SU1; 7= DFT / DENIT-SU2; 8= DFT / DENIT-LS1; 9= DFT / DENIT-GL1

10= UNSAT-IS1; 11= UNSAT-IS2; 12= UNSAT-IS3

1 - 12
Period 1: systems 1 - 9                   

Period 4:systems 10 - 12

Single Pass (1,2,3,4,5) vs. 

Recycle/Horiz. Denit 

(6,7,8,9) vs. In Situ 

(10,11,12)

Period 1: systems 3,6,9             

Period 1b: systems 1,2,4,5,7,8 

Period 4:systems 10 - 12
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Figure 4-37: Total Nitrogen Removal of Single Pass Systems 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-38: Total Nitrogen Removal of Recirculating Systems 
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Figure 4-39: Total Nitrogen Removal of Stacked Stage 1/Stage 2 (In Situ) Biofilters 

4.4.5 Sulfur Biofilter Solute Profiles and Effluent Sulfate 

Solute profiles for horizontal and upflow biofilters containing sulfur are shown respectively 

in Figures 4-40 and 4-41.  The horizontal biofilter profile (Figure 4-40) shows significant 

decline in (NO3+NO2)-N concentration and increase in sulfate concentration at the en-

trance region. (NO3+NO2)-N is essentially depleted at the 24 inch distance.  The vertical 

biofilter profile (Figure 4-41) shows significant decline in (NO3+NO2)-N concentration and 

increase in sulfate concentration at the entrance region (upflow biofilter, depth = 0 inch).  

(NO3+NO2)-N is essentially depleted by the 10 inch elevation and sulfate increase is lim-

ited above that point.  It is significant that the sulfate concentration in the biofilter does not 

increase substantially after (NO3+NO2)-N (and presumably DO) are depleted.  Also shown 

in Figures 4-40 and 4-41 are predictions of sulfate concentrations based on a stoichio-

metric model that accounts for sulfur utilization and sulfate production for both oxygen and 

nitrate (Smith, 2012). 
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Figure 4-40: Solute Profile in Horizontal DENIT-SU2 on Day 305 (SE5) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-41: Solute Profile in Vertical DENIT-SU4 on Day 242 (SE4) 
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In the model simulations, the values of YSO4/O2 and YSO4/NO3 were 2.29 and 6.87 g/g, re-

spectively as determined using biochemical reaction energetics (Smith, 2012). The stoi-

chiometric model reasonably predicted the trends in sulfate concentration and the meas-

ured sulfate profiles DENIT-SU2 (Figure 4-40) and DENIT-SU4 (Figure 4-41). 

Effluent sulfate levels in four sulfur-containing biofilters are summarized in Table 4.33.  

Mean effluent sulfate levels are 325 to 482 mg/L, and increases in sulfate range from 266 

to 396 mg/L.  The stoichiometric model was applied to sulfur biofilter data for individual 

monitoring events in which all data inputs were available: influent DO, influent (NO3+NO2)-

N, effluent DO, and effluent (NO3+NO2)-N.   Comparison of measured with predicted ef-

fluent sulfate is shown in Figure 4-42.  The dashed line indicated perfect agreement be-

tween measurement and model prediction.  Some effluent sulfate levels lie close to the 

model prediction line while many measured sulfate levels are greater than the model pre-

diction (generalized trend being approximately 1.3 times greater).  Ingress of oxygen into 

the biofilter and contact of DO with sulfur media is one possible explanation for higher than 

predicted sulfate levels.   

Figure 4-42: Model Prediction of Effluent Sulfate Levels 
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Table 4.33 

Effluent Sulfate 

Biofilter Effluent Sulfate, mg/L Change in Sulfate Across Biofilter, mg/L 

 
Mean  

Standard  

Deviation 
Min Max Mean  

Standard  

Deviation 
Min Max 

DENIT-SU1 325 33.8 230 450 266 33.7 184 398 

DENIT-SU2 343 55.1 140 490 284 53.7 94 426 

DENIT-SU3 482 46.9 340 650 427 45.1 303 589 

DENIT-SU4 453 46.0 260 560 396 44.5 214 499 

 

Autotrophic denitrification with elemental sulfur can be represented with the following bio-

chemical reaction (Smith, 2009):  

 

50 S0 + 49.9 NO3
- + 11 CO2 + 32.8 H2O   2.2 C5H7O2N + 50 SO4

- + 23.8 N2 + 50.1H+ 

 

The mass of sulfur needed to denitrify the total (NO3+NO2)-N supplied to each Stage 2 

sulfur-containing biofilter was estimated using the total wastewater volume applied, mean 

(NO3+NO2)-N concentrations applied, and stoichiometric relationships for sulfur based au-

totrophic denitrification.  A safety factor of 1.3 was applied to the calculated sulfur con-

sumption based on the general trend observed in the above described effluent sulfate 

stoichiometric model results.  The resulting lifespan of sulfur within DENIT-SU1, DENIT-

SU2, DENIT-SU3 and DENIT-SU4 would be approximately 160, 60, 60 and 20 years, 

respectively, under the conditions studied.    

4.4.6 Increased Hydraulic Loading Rate 

As discussed in Section 3.1.5, following Sample Event No. 8, a track record of acceptable 

performance had been established for many PNRS II systems and increasing the flow 

rates was recommended.   

4.4.6.1 Stage 1 (Unsaturated) Biofilters  

Following the core performance evaluation period (Table 4.2, Sample Events 1 through 

7), loading rates to the unsaturated biofilters were increased on day 407 to 5 and 6 gpd/ft2 

for the single pass and recycle biofilters, respectively.  Sample Event 9 was conducted on 

Day 486 (Table 4.2) under the higher loading condition.  Nitrogen removal was maintained 

at the higher loading rates and substantial performance deterioration was not observed, 

TKN in all the unsaturated biofilters ranged from 1.5 to 4 mg/L in Sample Event 9 (Appen-

dix B).   
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Effluent NH3-N levels were below 0.5 mg/L for all five Stage 1 single pass biofilters and all 

DO levels were greater than 3.9 mg/L. TSS and CBOD5 were 3 mg/L or below in all efflu-

ents.  Organic N ranged from 1.5 to 3.3 mg/L in these same five systems.  (NO3+NO2)-N 

increased significantly in all Stage 1 biofilter effluents corresponding to the decrease in 

TKN from nitrification.  The five single pass biofilters performed exceptionally well in re-

moving suspended solids and CBOD5 and in converting ammonium to oxidized nitrogen.  

Effluent TN of all biofilters was only slightly less than the influent TN, indicating that deni-

trification was limited. 

NH3-N levels were at or below 0.04 mg/L for all four recirculating Stage 1 biofilters, and 

effluent DO was 6.2 to 7.2 mg/L.  Effluent (NO3+NO2)-N ranged from 14 to 18 mg/L and 

organic N from 1.5 to 1.6 mg/L.  The nitrification performance of these biofilters was quite 

acceptable and TN reduction from recirculation (denitrification) averaged 31%.  TSS and 

CBOD5 were 10 mg/L or below in all effluents.  

4.4.6.2 Stage 2 (Saturated) Biofilters  

Following the core performance evaluation period (Table 4.2, Sample Events 1 through 

7), on Day 407 the loading rates to saturated biofilters were increased to 9.6 and 20 gpd/ft2 

to upflow and horizontal denitrification biofilters, respectively.  Sample Event 9 was con-

ducted on Day 486 (Table 4.2) under the higher loading condition.  In all four sulfur-con-

taining biofilters, effluent (NO3+NO2)-N remained below 0.5 mg/L in Sample Event 9, indi-

cating that denitrification performance was not impaired at the higher loading rate.  The 

effluent (NO3+NO2)-N of all three upflow lignocellulosic biofilters was substantially higher 

at the higher loading rate conditions of Sample Event 9, while that in the horizontal ligno-

cellulosic-containing biofilter effluent remained below 0.5 mg/L 

 

Sample event 9 showed (NO3+NO2)-N was less than 0.5 mg/L in the two single pass up-

flow denitrification biofilters that contained sulfur media.  Effluent SO4 was higher in the 

biofilter containing 80% sulfur than in the biofilter with 30% sulfur.  (NO3+NO2)-N removal 

was incomplete in all upflow biofilters containing lignocellulosic media, with effluent 

(NO3+NO2)-N of 8 to 20 mg/L.  A higher percent of lignocellulosic media in the biofilter 

media appeared to be accompanied by higher (NO3+NO2)-N reductions. 

 

Influent (NO3+NO2)-N to the four Stage 2 horizontal biofilters (from the denite feed tank 

(DFT)) was 16 mg/L. Effluent (NO3+NO2)-N was 0.25 mg/L and less in all four horizontal 

biofilters.  The low (NO3+NO2)-N were accompanied by < 0.3 mg/L DO and ORP of -284 

to –366 mV.  All horizontal biofilters were highly effective in producing a reducing environ-

ment and achieving their (NO3+NO2)-N reduction goals.  DENIT-LS1 with the new ligno-

cellulosic media exhibited complete denitrification, with effluent (NO3+NO2)-N of 0.24 

mg/L.   
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4.4.7 Limited Additional Monitoring 

As previously discussed in Section 3.1.5, several biofilters subsequently experienced sur-

face clogging and ponding under the higher loading regime and loading was discontinued 

at Day 962.  The biofilters were allowed to drain, the surface media was raked and allowed 

to dry out.  In February 2013 (Day 1000), the systems were restarted at the initial lower 

surface loading rates.  Sample Event 10 was conducted on Day 1038 (Appendix B) for 

limited additional monitoring following system failure in some cases and additional insight 

into long term performance for others.  However, it is important to note that sample event 

10 occurred long after routine monitoring and maintenance of the PNRS test facility was 

discontinued (around day 487)  so the conditions leading up to sample event 10 were not 

known in as much detail as previous sample events.  There were periods of no loading 

related to the ponding failures and to mechanical problems at the facility.  

4.4.7.1 Stage 1 (Unsaturated) Biofilters  

Following the increased hydraulic loading evaluation period, the loading rates to the Stage 

1 unsaturated biofilters were decreased to 3 gpd/ft2 and the recycle ratio remained at the 

increased level of 5:1 for the Stage 1 biofilters with recycle.  Sample Event 10 was con-

ducted on Day 1038 (Table 4.2) for limited additional monitoring for long term perfor-

mance.  The five Stage 1 single pass biofilters never recovered from the clogging at the 

increased hydraulic loading rate.  Physical investigation determined that the clogging ap-

peared to develop in the lower, finer media layer and rejuvenation did not seem to help.  

Therefore, we discount this data; because the systems did not go into normal operation 

again at the baseline loading, clogging in the deeper layer appeared to limit nitrification.   

 

However, all four recirculating Stage 1 biofilters continued to perform adequately. The 

recirculation of the partially purified effluent seemed to limit the severity of clogging in the 

finer layer.  NH3-N levels ranged from below the detection limit to 0.95 mg/L for all four 

recirculating Stage 1 biofilters, and effluent DO was 3.2 to 6.6 mg/L.  Effluent (NO3+NO2)-

N ranged from 72 to 130 mg/L and organic N from 3.0 to 4.6 mg/L.  The nitrification per-

formance of these biofilters was quite acceptable.  TSS and CBOD5 were 10 mg/L or below 

in all effluents.  

4.4.7.2 Stage 2 (Saturated) Biofilters  

As previously discussed, following the increased hydraulic loading evaluation period, the 

five Stage 1 single pass biofilters never recovered and exhibited high NH3-N in the efflu-

ents.  Therefore, the directly connected Stage 2 upflow denitrification biofilter data is also 

discounted; because the systems did not go into normal operation again at the baseline 

loading.   
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The Stage 2 horizontal denitrification biofilters surface loading rate remained at the in-

creased 20 gpd/ft2-day.  Sample Event 10 was conducted on Day 1038 (Table 4.2) for 

limited additional monitoring for long term performance. Influent (NO3+NO2)-N from the 

denite feed tank (DFT) to the three Stage 2 horizontal denitrification biofilters still operating 

(DENIT-GL1 was not being fed glycerol, thus not sampled) was 83 mg/L. Effluent 

(NO3+NO2)-N was 0.12 mg/L and less in both horizontal sulfur-containing biofilters.  The 

low (NO3+NO2)-N were accompanied by < 0.2 mg/L DO and ORP of –286 and -312 mV.  

The sulfur-containing horizontal biofilters were highly effective in producing a reducing 

environment and achieving their (NO3+NO2)-N reduction goals.  DENIT-LS1 with the lig-

nocellulosic media exhibited incomplete denitrification, with effluent (NO3+NO2)-N of 62 

mg/L at the higher loading rate and lower retention time  

4.4.8 Long Term Performance  

The PNRS II biofiltration systems were operated continuously for a period of 402 days and 

longer.  Based on the performance data collected, it should be possible to design systems 

with a nominal life-expectancy of 30 years, which is typical for onsite wastewater treatment 

systems and for larger infrastructure.  The main mechanical and energy requiring compo-

nent of PNRS II systems was a single wastewater pump.  In some cases, full-scale de-

ployments may not require any pump, depending on the hydraulic gradeline and the wet 

season high water table elevation at the site.   In this case, an energy supply would not be 

needed and the system would have no moving parts.  Denitrification media is the main 

consumable that may require full or partial replacement.  Lifespan of the sulfur biofilters 

was determined using the stoichiometric relationship described in Section 4.4.5.  The cal-

culated lifespan of sulfur within DENIT-SU1, DENIT-SU2, DENIT-SU3 and DENIT-SU4 

would be approximately 160, 60, 60 and 20 years, respectively, under the conditions stud-

ied.  Through observation of system performance and stoichiometric considerations, it is 

deduced that sulfur denitrifying systems could be designed to last for 10 years and possi-

bly much longer. 

 

Lifespan of the lignocellulosic biofilters is difficult to determine, since no stoichiometric 

relationship could be found and lignocellulosic loss could not be measured over the short 

operational time.  However, studies in the literature suggest very long life spans for such 

biofilters (Schipper et. al., 2010).  Robertson et. al. (2008) reported on a lignocellulosic 

reactive barrier wall that had been removing nitrate from groundwater for 15 years, and 

samples taken from the wall in year 15 still indicated the wall was functional with a 4 g 

N/m3/day denitrification rate, which was only approximately 50% less than the rate in year 

1.    Moorman et. al. (2010) studied an in situ wood chip bioreactor receiving influent nitrate 

levels of 20-25 mg NO3-N/L for 8 years, and measured the loss of wood.  The half-life of 
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the reactive media was measured to be over 36 years in the saturated zone under anaer-

obic conditions.   Based on these and other literature sources, it appears that lignocellu-

losic denitrifying systems could be designed for many years of life. 
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Section 5.0 

Summary and Recommendations 
 

The Florida Legislature directed FDOH in 2008 to initiate the Florida Onsite Sewage Ni-

trogen Reduction Strategies Study (FOSNRS) to further evaluate nitrogen management 

and treatment.  FOSNRS Task A included a literature review and classification of nitrogen 

removal technologies (Hazen and Sawyer, 2009a), ranking of nitrogen removal systems 

and prioritization of technologies (Hazen and Sawyer, 2009b).  Two-stage biofiltration re-

ceived a high ranking and recommendation. The Passive Nitrogen Removal Study II 

(PNRS II) was therefore undertaken in Task A to further evaluate nitrogen removal in nu-

merous passive arrangements of two-stage biofiltration at a larger scale with a broader 

range of filtration media and process configurations. 

 

In the two-stage biofilter process, the Stage 1 biofilter is unsaturated and aerobic (pore 

spaces not filled with water) and is followed in series by a Stage 2 biofilter containing the 

reactive media and operated in a water saturated, anoxic mode. Septic tank effluent (pri-

mary effluent) is applied to the top of the first stage media, resulting in a downward per-

colation of wastewater over and through the porous media biofilter bed. The unsaturated 

pore spaces in the first stage media allow air to reach microorganisms attached to the 

media surfaces, enabling aerobic biochemical reactions to occur. The significant target 

reactions in Stage 1 are hydrolysis of particulate matter, aerobic oxidation (by hetero-

trophic microorganisms that oxidize organic material and reduce biochemical oxygen de-

mand), ammonification of organic nitrogen (releasing ammonia), and nitrification (bio-

chemical conversion of ammonia to nitrite and nitrate by autotrophic bacteria). The goal 

of Stage 1 biofiltration under the PNRS scheme is to oxidize the reduced forms of nitrogen, 

(i.e. organic nitrogen and ammonia), and the concentrations of organic and ammonia ni-

trogen in Stage 1 effluent are the primary metric by which to assess performance.  The 

goal of Stage 1 is to produce an effluent where most of the wastewater nitrogen has been 

converted to nitrate, and where organic nitrogen and ammonia levels are low.   

 

The Stage 1 effluent with its high nitrate concentration is then passed on to the Stage 2 

biofilter. The goal of Stage 2 is to remove oxidized nitrogen (nitrate and nitrite) by biological 

denitrification. The Stage 2 biofilter contains “reactive media” which provides the electron 

donor needed for denitrification, and it is saturated (pore space is filled with water) to pre-

vent oxygen ingress and promote anoxic conditions.  Denitrification in the Stage 2 biofilter 

occurs by two general biochemical classifications, depending on the electron donor and 

the microorganisms involved.  Autotrophic denitrifying bacteria utilize inorganic electron 
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donors such as iron or sulfur for denitrification, while heterotrophic denitrifying bacteria 

utilize organic carbon as the electron donor.  Stage 2 media must satisfy numerous objec-

tives including: reactivity, longevity, physical integrity, availability and cost.  Literature re-

views identified candidate media that were well suited for Stage 2 media as elemental 

sulfur and lignocellulosic materials from growth of woody plants (Hazen and Sawyer, 

2009a; Smith et al., 2008).  While previous demonstrations and reports were available for 

lignocellulosic denitrification systems for treatment of onsite wastewater, there was much 

less data on elemental sulfur denitrification systems for onsite wastewater treatment.  Pre-

vious bench-scale studies of PNRS by FDOH demonstrated high total nitrogen removals 

were possible with a “passive” process, and evaluated Stage 1 and Stage 2 media, includ-

ing a definitive demonstration of the efficacy of elemental sulfur as an electron donor for 

Stage 2 denitrification (Smith, 2009). 

 

The PNRS II pilot studies described in this report significantly expanded on almost all 

aspects of the original “passive two-stage biofiltration” concept. Twenty-two pilot scale 

biofilters were operated to evaluate passive two-stage nitrogen removal from wastewater 

primary effluent.  The total operating period exceeded 18 months for several of the most 

promising systems.  

 

Two-stage biofiltration demonstrated the capability to continuously achieve total nitrogen 

removals of over 95% from primary effluent.  Expanded clay, clinoptilolite and sand pro-

vided suitable media for Stage 1 aerobic biofilters and consistently reduced ammonia ni-

trogen to less than 1 mg/L.  Anoxic biofilters with elemental sulfur media consistently re-

duced oxidized nitrogen (nitrate and nitrite) to less than 1 mg/L and appeared to provide 

a suitable electron donor media for full-scale Stage 2 denitrifying biofilters.  Anoxic biofil-

ters containing lignocellulosic media (Southern yellow pine) were also capable of achiev-

ing high (NO3+NO2)-N reductions in the conditions of this study, but overall performance 

was variable and not equal to the sulfur biofilter performance. (NO3+NO2)-N reductions 

appeared to be limited by water retention time in denitrification biofilters containing ligno-

cellulosic media.  The pilot studies also demonstrated that biofilters with vertically stacked 

Stage 1/Stage 2 media configurations were capable in some configurations of achieving 

high total nitrogen reductions from septic tank effluent. 

 

The PNRS II pilot facility was configured to provide separate design guidance for unsatu-

rated (Stage 1) biofilters and saturated (Stage 2) biofilters. The intent of this approach was 

to enable the modular coupling of Stage 1 and Stage 2 systems.  Consequently, the struc-

ture of the recommendations is for discreet designs of Stage 1 and Stage 2 systems.  The 

recommendations for vertically stacked Stage 1/Stage 2 biofilters follow the configurations 

of four PNRS II pilot systems which had important commonalities and defined differences. 
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The results of the Passive Nitrogen Removal Study II provided a preliminary basis for the 

design of the full-scale biofiltration systems to be evaluated at individual home sites in 

Task B of the FOSNRS project.  Design recommendations for the single family home bio-

filtration systems generally follow the applied loading rates, media types, media particle 

sizes, and depth and size configurations of the most successful biofilters used in the pilot 

study, but several modifications were recommended based on the pilot-scale results:   

 Stage 1 media grain size recommendations were increased due to the clogging 

experienced at the end of the pilot study at the applied hydraulic loading rates;   

 Biofilter volume was increased for Stage 2 lignocellulosic biofilters to increase wa-

ter retention time, and thus the denitrification performance; and 

 To lower effluent sulfate concentrations, a combined lignocellulosic/sulfur Stage 2 

biofilter design should be tested. 

 

Design recommendations for Task B systems are summarized in Table 5.1.  The recom-

mendations are process based and focus on factors and parameters that provide effective 

biological treatment in varied biofilter configurations.  Designs are organized into Stage 1 

unsaturated biofilters (single pass and recirculating), Stage 2 saturated biofilters, and 

stacked Stage 1/Stage 2 biofilter configurations.  

 

PNRS II results were also used to evolve system designs to address secondary treatment 

objectives. The effluent sulfate levels in elemental sulfur-containing denitrification biofilters 

may be of concern in some locations.  Therefore, the concept of using combined media in 

Stage 2, with lignocellulosic media preceding sulfur, evolved in an attempt to lower effluent 

sulfate levels.   

 

The design recommendations presented in Table 5.1 can also be used to derive hybrid 

designs that couple biofilters in a manner not specifically tested in the PNRS II pilot study.  

One example is the use of a vertically stacked biofilter design (Stage 1/Stage 2) followed 

by direct hydraulic connection to a saturated upflow denitrification biofilter.  In this case 

and for many other potential combinations, the design of individual biofilters should adhere 

to the design recommendations presented in Table 5.1. 

 

Full-scale designs that follow these basic design recommendations can now be deployed 

in Task B with a reasonable degree of confidence. Deviations from the successful design 

and operating conditions employed in the pilot study and the modifications presented in 

Table 5.1, should be considered with a high degree of caution at this time.  It is contem-

plated that the results from full-scale home system evaluations in Task B will result in 

further refinements to these criteria. 
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Table 5.1 

Preliminary Recommendations for Full-Scale Testing of Passive Systems 

 

 

  

Stage 1 Unsaturated Recirculating Biofilters

Layer Depth, inch
Particle Size 

Spec, mm

Upper ≥ 10 ≥6 (1/4")

Lower ≥ 14 ≥4 (3/16")

Clinoptilolite ≤ 3.0 3:1 ≥ 24 ≥ 24 ≥ 1.4 - 4

Upper ≥ 10
E.S. ≥ 2                        

U.C.≤3

Lower ≥ 14
E.S. ≥ 1                        

U.C.≤3

Stage 1 Unsaturated Single Pass Biofilters

Layer Depth, inch
Particle Size Spec, 

mm

Upper ≥ 10 ≥6 (1/4")

Lower ≥ 14 ≥4 (3/16")

Clinoptilolite ≤ 3.0 ≥ 24 ≥ 24 ≥ 1.4 - 4

Upper ≥ 10
E.S. ≥ 2                        

U.C.≤3

Lower ≥ 14
E.S. ≥ 1                        

U.C.≤3

Stage 2 Saturated Biofilters

Media Particle 

Size Distribution

Particle Size Spec, 

mm

Elemental 

Sulfur
≥ 50

2.0 - 3.36                              

<0.5% fines

 Limestone or 

oyster shell
0-201 0.5 - 5

Lignocellulosic 

media 
80-100 ≥ 24 ≥ 120 1 - 30

Media Stratification and Particle Size Distribution

Sand ≥ 24

Media

Forward 

Flow 

Hydraulic 

Loading 

Rate, gal/ft2-

day

≤ 3.0

≤ 3.0

Recycle 

Ratio 

R:F

Media Stratification and Particle Size Distribution

Total Media 

Depth, inch

Hydraulic 

Loading 

Rate, gal/ft2-

day

≥ 24Expanded Clay

Sand

Media

Expanded Clay ≥ 24

Media

Total 

Media 

Depth, 

inch

≥ 24

%

Empty Bed 

Residence Time, 

hour

≥ 30

Total 

Media 

Depth, 

inch

≥ 24

≤ 3.0 3:1

≤ 3.0 3:1
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Table 5.1 (Continued)  

Preliminary Recommendations for Full-Scale Testing of Passive Systems 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Vertically Stacked Biofilters

Media Stratification 

and Particle Size 

Particle Size Spec, 

mm

E.S. ≥ 0.8-1.2                

U.C.≤4  or 

E.S. 0.45-0.55               

U.C.≤4

Middle ≥ 8

50% Ligno            

50% Expanded 

Clay

Ligno = 1 - 30                                

EC = >1.13

Lower ≥ 4 Elemental Sulfur 2.0 - 3.36

Upper ≥ 18 Expanded Clay >1.53

Middle ≥ 8

50% Ligno            

50% Expanded 

Clay

Ligno = 1 - 30                                

EC = >1.13

Lower ≥ 4 Elemental Sulfur 2.0 - 3.36

Upper ≥ 18 Clinoptilolite ≥ 1.4 - 2.3

Middle ≥ 8

50% Ligno            

50% Expanded 

Clay

Ligno = 1 - 30                                

EC = >1.13

Lower ≥ 4 Elemental Sulfur 2.0 - 3.36

Upper ≥ 18 Sand
E.S. ≥ 0.6-1.2                

U.C.≤4

Middle ≥ 8

50% Ligno            

50% Expanded 

Clay

Ligno = 1 - 30                                

EC = >1.13

Lower ≥ 4 Elemental Sulfur 2.0 - 3.36

≥ 18 Sand

Nitrified 

Effluent

Media 

Layer

Septic Tank 

Effluent

0.8 - 1.2 

(depending 

on media)

Hydraulic 

Loading 

Rate, gal/ft2-

day

0.8 - 1.2 

(depending 

on media)

Upper

Media
Media Layer 

Depth, inch
Influent

E.S. = effective size; U.C. = uniformity coefficient

1As needed for alkalinity adjustment
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PNRS II Test Facility 
Data Summary Report No. 1 

1.0 Background 
Task A of the Florida Onsite Sewage Nitrogen Reduction Strategies Study includes the 
evaluation of passive treatment systems to remove nitrogen from septic tank effluent. 
The Passive Nitrogen Removal Study II (PNRS II) is a follow-up to the previous experi-
mental evaluations of passive nitrogen removal technologies conducted in Passive Ni-
trogen Removal Study I. The objective of the PNRS II study is to extend and expand into 
field pilot testing the two-stage biofiltration process that was initiated in PNRS I.  A 
unique test facility was constructed for the purpose of this evaluation. The Task A.15 
PNRS II QAPP documents the objectives, experimental biofiltration systems, monitoring 
framework, sample frequency and duration, and analytical methods to be used at the 
PNRS II Test Facility.  

2.0 Purpose 
This data summary report documents data collected from the first PNRS II monitoring 
and sampling event which was conducted June 30 - July 1, 2010 and corresponds to the 
Task A.25 Sample Event Report No. 1 submission for June 2010. This monitoring event 
consisted of assessment and evaluation of PNRS II operation, measurement of flo-
wrates, measurement of field parameters, and collection of biofilter influent and effluent 
samples and their laboratory analyses.   

3.0 Materials and Methods 

3.1 Project Site 
The PNRS II Test Facility was constructed at the University of Florida Gulf Coast Re-
search and Education Center (GCREC) in southeast Hillsborough County, Florida. The 
specially designed facility enables the operation and performance testing of numerous 
biofilter treatment trains simultaneously using a similar wastewater source.  The source 
of the wastewater for testing is the septic tank effluent from the existing onsite wastewa-
ter system serving the GCREC.  Details of the design and construction of the PNRS II 
test facility can be found in previous Task A documents.   
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3.2 Monitoring and Sampling Locations and Identification 
A schematic of the biofilter configuration and the monitoring and sampling locations for 
the PNRS II test facility is shown in Figure 1.  Septic tank effluent from GCREC is 
pumped from PNRS II-STE-T1 into the PNRS II systems through three points of entry: 
Hydro-1, Hydro-2, and UNSAT-IS-1.  The nomenclature and reactor/sample identifica-
tion used for the PNRS II test facility sampling events are listed in Table 1. 
 

Table 1 
PNRS II Sample Identification 

Sample Location Sample Identification 
STE PNRS II Storage Tank 1 PNRS II-STE-T1 

Stage 1 Single Pass Biofilters 

UNSAT-EC1 
UNSAT-EC3 
UNSAT-CL1 
UNSAT-CL3 
UNSAT-PS1 

Stage 2 Single Pass Upflow Biofilters 

DENIT-SU4 
DENIT-LS3 
DENIT-SU3 
DENIT-LS2 
DENIT-LS4 

Recirculation Tanks 

RC1 
RC2 
RC3 
RC4 

Stage 1 Recirculating Biofilters 

UNSAT-SA2 
UNSAT-EC4 
UNSAT-CL2 
UNSAT-CL4 

Denite Feed Collection Tank DFT 

Stage 2 Horizontal Biofilters 

UNSAT-SU1 
UNSAT-SU2 
UNSAT-LS1 
UNSAT-GL1 

In-Situ In-Tank Simulator Single Pass Biofilter UNSAT-IS1 
UNSAT-IS2 
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Figure 1 
PNRS II Test Facility System Schematic 
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3.3 Operational Monitoring 
The PNRS II test facility start-up occurred on May 17th, 2010 and has been operated 
continually since that time.  Operation of the facility is checked at least on a weekly basis 
and a detailed log of operational observations and activities is maintained.  In addition, 
the programmable logic controller (PLC) which controls many of the dosing and pump 
controls also records pump run times and flow data from flow meters at the facility, and 
these data can provide useful insight on facility operations. 

3.4 Flow Monitoring 
The PNRS II test system dose rates were calibrated and set at initial start-up.  These 
flow rates are then checked at each sampling event and adjusted as necessary to main-
tain flow rates consistent with the experimental design.  Flow rates are measured and 
adjusted after each sampling event so as not to change flow conditions immediately prior 
to sampling.  Influent dose flows were measured and recorded on July 8th for this sam-
pling event and were reported in the Sampling Event No. 1 Report.  Further flow monitor-
ing was conducted on the Stage 1 and 2 biofilters during July to better understand the 
hydraulic residence time in these biofilters.  For this monitoring, outflow volume from the 
biofilters was collected and measured in 5 minute intervals over the one hour dose pe-
riod of each system. 

3.5 Water Quality Sample Collection and Analyses 
Influent and effluent water quality samples from the PNRS II test systems for Sample 
Event 1 were collected July 1, 2010.    A STE sample was collected from the feed line 
that connects STE PNRS II Storage Tank 1 (PNRS II-STE-T1) to Hydrosplitter 1 that 
supplies STE to the single pass Stage 1 biofilters (Figure 1).  A manual dose event was 
initiated on the control panel until sufficient STE sample volume was collected in a clean 
sample container.  Stage 1, 2, and in-situ simulator biofilter and recirculation tank efflu-
ents were each sampled by directing the entire flow from the biofilter into a large, clean 
sample container over a period of time sufficient to obtain the desired sample volume 
(approximately 3.5 liters).  Sample containers were immediately placed in coolers on ice 
prior to sample subdivision. 
 
The large sample collection containers were then used to fill analysis-specific sample 
containers with appropriate preservatives that were supplied by the analytical laboratory.  
The laboratory containers were labeled, placed in coolers and transported on ice to the 
analytical laboratory. Each sample container was secured in packing material as appro-
priate to prevent damage and spills, and was recorded on chain-of-custody forms sup-
plied by the laboratory. 
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Field parameters were measured directly in the outlet pipe at each sample location im-
mediately following sample collection using portable electronic probes.  Field parameters 
included pH, specific conductance, temperature (Temp), and dissolved oxygen (DO). 
The influent and effluent samples were analyzed by the laboratory for: total alkalinity, 
total Kjeldahl nitrogen (TKN-N), ammonia nitrogen (NH3-N), nitrate/nitrite nitrogen (NOX-
N), carbonaceous biochemical oxygen demand (CBOD5), total dissolved solids (TDS), 
and total suspended solids (TSS).  For the biofilters with elemental sulfur media, the in-
fluent and effluent samples also included laboratory analysis of sulfate (SO4) and hydro-
gen sulfide (H2S).  Table 2 lists the analytical parameters, analytical methods, and detec-
tion limits for these analyses. 
 

Table 2 
Analytical Parameters, Method of Analysis, and Detection Limits 

Analytical Parameter Method of Analysis Laboratory Detection Limit 
(mg/L) 

Total Alkalinity as CaCO3 SM 2320B 2 
Total Kjeldahl Nitrogen (TKN-N) EPA351.2 0.05 
Ammonia Nitrogen EPA350.1 0.01 
Nitrate/Nitrite Nitrogen (NOX-N) EPA353.2 0.01 
Carbonaceous BOD (CBOD5) SM 5210B 2 
Total Dissolved Solids (TDS) SM 2540C 10 
Total Suspended Solids (TSS) SM 2540D 1 
Sulfate (SO4) EPA300.0 0.2 
Hydrogen Sulfide Unionized (H2S) SM4500S F 0.01 
Sulfide SM4500S F 0.1 

4.0 Results and Discussion  

4.1 Operational Monitoring  
Start up of the PNRS II test facility occurred on May 17, 2010.  The test systems have 
been operated continuously since the May 17th start up, with the exception of two power 
outages that occurred June 20th and June 28th.  The power outages were of relatively 
short duration. For the most part, the pilot biofilters automatically resumed operation 
when power was restored. The only exceptions were the two peristaltic pumps: Pump 5 
which supplies the two In-Situ simulators and Pump 11 which supplies the four horizon-
tal flow denitrification biofilters.  The peristaltic pumps displayed an error message, re-
quired manual restarting, and their off times were somewhat longer than the other sys-
tem pumps.  The peristaltic pump settings were saved through the power outage, and 
the pumps resumed operation once the error code was acknowledged. Appendix A pro-
vides the operation and maintenance log which includes actions taken since start-up. 
Appendix B provides the PLC recorded data tables for daily flows and runtimes for the 
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test facility. The peristaltic pumps have since been reprogrammed to start automatically 
in the event of temporary discontinuance of the power supply.   
 
The recycle rates to the recirculating systems are monitored and recorded in the PLC as 
Pumps 5, 6, 7, and 8 flows.  The data shows that the recycle flows are very close to the 
initially set 44 gpd rate for these four systems, indicating that the desired recycle ratio of 
approximately 3:1 is being met.  

4.2 Flow Monitoring  
Dose volumes to the PNRS II systems were measured on July 8th, 2010 (Day 42) to veri-
fy dose event volumes and confirm average hydraulic loading rates to the systems.  The 
measured and target dose volumes based on the design hydraulic loading rates are pre-
sented in Table 3. The measured dose volumes compared favorably to target levels for 
all systems (relative errors less than 9%), with the exception of the lower than target flo-
wrates measured for the in-situ simulators (IS1 and IS2).  The peristaltic pump that feeds 
IS1 and IS2 was recalibrated on July 8th.  All other systems required no recalibration. 

Flow monitoring was also conducted to evaluate the temporal breakthrough of water in 
the effluent of the Stage 1 and 2 biofilters during an individual dosing cycle.  These re-
sults are presented in Figures 2 through 5, where the once per hour dosing event oc-
curred at time zero.  The water breakthrough data is included in Appendix C.  As de-
picted in Figure 2, the Stage 1 single pass biofilter with polystyrene media biofilter (UN-
SAT-PS1) exhibited a rapid breakthrough of water during its dosing cycle, versus the 
Stage 1 single pass biofilters with clinoptilolite and expanded clay media. 

Single Pass Biofilters (Figure 2 and 3) – The flow monitoring results from the Stage 1 
single pass biofilter effluents indicate that the polystyrene and 15-inch clinoptilolite media 
biofilters (UNSAT-PS1 and UNSAT-CL1 respectively) exhibited the most rapid water 
breakthrough while the other three biofilters provided more equalized effluent flowrates. 
Effluent flowrate profiles for the Stage 2 single pass biofilters (Figure 3) were similar to 
those of the Stage 1 biofilters to which they are directly connected (Figure 2), as would 
be expected. The DENIT-LS4 biofilter, which is directly connected to UNSAT-PS1, has 
the most rapid discharge profile. 

Stage 1 Recirculating Biofilters (Figure 4) - The 15-inch clinoptilolite media depth ex-
hibited rapid water breakthrough compared to the 30-inch depth clinoptilolite (UNSAT-
CL2 and UNSAT-CL4 respectively).  The 30-inch sand and expanded clay biofilters had 
similar water breakthrough profiles. 
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Stage 2 Horizontal Biofilters (Figure 5) - The Stage 2 horizontal biofilters are satu-
rated biofilters that receive the same nitrified effluent (from DFT) delivered by the same 
peristaltic pump.  These had relatively rapid and similar effluent discharge curves, as 
would be expected based on the saturated conditions. 
 

Figure 2 
Single Pass Systems: Stage 1 Effluent Flow Profiles 

 

Figure 3 
Single Pass Systems: Stage 2 Effluent Flow Profiles 

0

500

1,000

1,500

2,000

2,500

3,000

0 5 10 15 20 25 30 35 40 45 50 55 60

Cu
m

ul
at

iv
e 

Vo
lu

m
e,

 m
L

Time, minute

Stage 1 Single Pass Biofilters

15 in. clino

30 in. clino

30 in. polystyrene

15 in. exp clay

30 in. exp clay



o:
\4

42
37

-0
01

R
00

4\
W

pd
oc

s\
R

ep
or

t\F
in

al
 

 

 July 2010 

FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY PAGE 1-8 
PNRS II TEST FACILITY DATA SUJMMARY REPORT NO. 1 HAZEN AND SAWYER, P.C. 

Figure 4 
Recirculating Systems: Stage 1 Effluent Flow Profiles 

 

Figure 5 
Stage 2 Horizontal Biofilters: Effluent Flow Profiles 
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Table 3 
Flow Measurement Data 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Target volume Target volume Measured Input Measured Input  Input Measured Output  Output RE (%) RE (%)
(mL/dose) (mL/day) (mL/dose) (mL/day) (mL/day) mL  (mL/day) Input/Output Target Input/Output

Dose of STE to Stage 1 Single Pass Biofilters
 (Hydrosplitter 1)

UNSAT-PS1 2,235 53,640 2,198 52,752 1.7% 5.2%
UNSAT-CL3 2,440 58,560 2,482 59,568 -1.7% -7.0%
UNSAT-CL1 2,400 57,600 2,115 50,760 11.9% 8.8%
UNSAT-EC3 2,350 56,400 2,420 58,080 -3.0% -4.4%
UNSAT-EC1 2,310 55,440 2,392 57,408 -3.5% -3.1%

Mean 2,347 56,328 2,321 55,714 1.1% -0.1%

Stage 2 Single Pass Biofilters 7/8/10
7/13/10              

8:00 - 9:00 am
DENIT-LS4 2,198 52,752 2,156 51,744 1.9% 7.0%
DENIT-LS2 2,482 59,568 2,431 58,344 2.1% -4.8%
DENIT-SU3 2,115 50,760 2,380 57,120 -12.5% -2.6%
DENIT-LS3 2,420 58,080 2,320 55,680 4.1% 0.0%
DENIT-SU4 2,392 57,408 2,271 54,504 5.1% 2.1%

Mean 2,321 55,714 2,312 55,478 0.4% 0.3%
Dose of STE to Stage 1 Recirculating Biofilters 

(Hydrosplitter 2)
RC1 : UNSAT-SA2 2,542 166,558 227,566 9,510 228,240 -0.3% -2.5%
RC2 : UNSAT-EC4 2,434 181,699 240,115 10,044 241,056 -0.4% -8.3%
RC3 : UNSAT-CL2 2,580 170,343 232,263 9,277 222,648 4.1% 0.0%
RC4 : UNSAT-CL4 2,595 166,558 228,838 9,371 224,904 1.7% -1.0%

Mean 2,538 171,289 232,195 9,551 229,212 1.3% -3.0%
Dose of Combined Stage 1 Effluent to
 Horizontal Denitrification Biofilters

Biofilter Designation 7/8/10
7/13/10              

9:28 - 12:28 am
DENIT-SU1 298 7,152 983 7,864 -10.0% -6.1%
DENIT-SU2 298 7,152 940 7,520 -5.1% -1.5%
DENIT-GL1 282 6,768 949 7,592 -12.2% -2.5%
DENIT-LS1 290 6,960 940 7,520 -8.0% -1.5%

Mean 8,307 7,008 953 7,624 -8.8% -2.9%

Dose to In-Situ Simulators 7/8/10
7/13/10 1:10 pm - 
7/14/10 1:10 pm

7/13/10 1:10 pm - 
7/14/10 1:10 pm

UNSAT-IS1 (STE) 1,940 11,640 14,990 14,990 -28.8% -1.2%
UNSAT-IS2 (Nitrified STE) 2,380 14,280 14,275 14,275 0.0% 3.6%

Notes:
Yellow-shaded data are measured values.
Gray-shaded data are calculated values.

7408.8

14,814

308.7

2,469

7/13/10              
10:00 - 11:00 am

7/13/10              
8:30 -9:30 am

2,319

R - PLC recorded  
(7/13/10)

7/8/10

Q                   
(7/8/10)

2,319

55,656

55,656

222,624

2,319
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4.3 Water Quality Analyses  
Water quality analytical results for Sample Event 1 are listed in Table 4.  A statistical 
summary of the water quality data collected to date for the PNRS II systems is presented 
in Table 5.  The following discussion summarizes these results.  The laboratory report 
containing the raw analytical data is included in Appendix D.   

Influent Water Quality – The STE analytical results indicated that the influent feed to 
the PNRS II systems was extremely weak at the time of this sampling event, and all pa-
rameters were lower than typical STE values.  Reasons for this are under investigation, 
however it appears that the GCREC air conditioning systems were discharging consi-
derable quantities of A/C condensate to the sewer, thus diluting wastewater strength. 
Previous STE sampling at GCREC during study site identification had occurred in winter 
and early spring months when A/C systems evidently had minimal use.  

The measured total nitrogen (TN) concentration in the STE at this sampling event was 
35 mg N/L.  This was on the low side for septic tank effluent, but not as low as other pa-
rameters when compared to typical STE values. The performance of the various test 
systems was compared using the reductions in TKN-N, NH3-N, and NOX-N to get a pre-
liminary idea of nitrogen reduction performance of the systems. 

Single Pass Biofilters – Single pass Stage 1 biofilters generally performed very well as 
anticipated from PNRS I results. NH3-N levels were at or below 0.01 mg/L for all single 
pass Stage 1 biofilters with the exception of biofilter UNSAT-PS1.  Effluents exhibited 
organic N of 2.2 to 2.8 mg/L with the exception of UNSAT-PS1.  Visual observations of 
UNSAT-PS1 suggested that wastewater was dosed to a relatively small portion of the 
horizontal cross section of the biofilter media where wastewater was applied at the sur-
face. The large particle size of the polystyrene media and limited water retention charac-
teristics may not be sufficient to affect horizontal spreading of the wastewater through 
the media. Flow tests found rapid water breakthrough and confirmed that polystyrene 
media will require more uniform flow distribution to increase utilization of the full horizon-
tal cross section of media.  NOx was significantly elevated in all Stage 1 biofilter efflu-
ents, with UNSAT-PS-1 having significantly lower effluent NOx corresponding to its high-
er NH3-N. 
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The Stage 2 single pass denitrification biofilters generally performed very well as ex-
pected based on PNRS I results.  DENIT-LS2 reduced NOX-N to 1.4 mg/L, while all oth-
ers reduced NOX-N to 0.01 mg/L or less. DENIT-LS4 received the effluent from the po-
lystyrene biofilter (UNSAT-PS1) which was only partially successful at NH3-N reduction.  
Comparison of nitrogen species concentrations in DENIT-LS4 influent and effluent pro-
vide a striking illustration of the two-stage biofilter concept.  Across DENIT-LS4, reduced 
nitrogen species (i.e. organic N and NH3-N) were largely conserved, while NOx reduction 
was complete; Total Nitrogen and Total Inorganic Nitrogen concentrations in DENIT-LS4 
were determined largely by influent levels of organic and ammonia nitrogen that passed 
through the Stage 2 denitrification biofilter. 

Stage 1 Recirculating Biofilters - Recirculating Stage 1 biofilters generally performed 
very well.  NH3-N levels were at or below 0.021 mg/L for all recirculating Stage 1 biofil-
ters. Effluents exhibited Organic N of 1.9 to 2.4 mg/L. Effluent NOx were 7.0 to 17 mg/L, 
which provided evidence of the operation of biochemical nitrification processes. 
 
Stage 2 Horizontal Biofilters - Two of the Stage 2 horizontal biofilters showed good 
NOX-N reduction.  Effluent NOx-N was 0.039 mg/L and less in effluent from DENIT-SU1 
and DENIT-LS1.  Efforts are being made to identify the factors contributing to less than 
complete denitrification in the other two horizontal flow denitrification biofilters.  DENIT-
SU2 contained sodium sesquicarbonate media, which resulted in high effluent pH and 
possible inhibition. DENIT-GL1 had potential glycerol dosing issues that are currently 
under evaluation. 
 
In situ Simulator Systems –  The In-Situ simulator biofilters, UNSAT IS1 and IS2, exhi-
bited the lowest effluent Total Nitrogen levels of the PNRS II systems, with TN concen-
trations less than 1 mg/L and NH3-N and NOx values at or below detection levels. How-
ever, sulfate (SO4) concentrations from these systems exceeded 1000 mg/L during this 
sample event. These systems use a mixture of expanded clay, lignocellulosic material, 
and elemental sulfur in an unsaturated lower media layer intended to foster denitrifica-
tion. While non-detect effluent NOx demonstrate a successful denitrification function, ef-
fluent also contains effluent sulfate levels that are quite high.  It appears that oxygen in-
gress into the lower media layers is resulting in oxidation of elemental sulfur to sulfate.  
While this phenomenon was anticipated during the design of biofilters UNSAT IS1 and 
IS2, the extent to which it would occur was not well understood.  Efforts are underway to 
modify UNSAT IS1 and IS2 to reduce effluent SO4. 
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Table 4 

Water Quality Analytical Results 

            

Sample ID
Media 

Composition
Sample Date/Time Sample Type

Temp 
(°C)

pH
Total 

Alkalinity 
(mg/L)

DO       
(mg/L)

Specific 
Conductance 

(µS)

TDS 
(mg/L)

TSS 
(mg/L)

CBOD5 

(mg/L)

TN       

(mg/L N)1
TKN       

(mg/L N)

Organic N 

(mg/L N)2
NH3-N 

(mg/L N)
NOx 

(mg/L N)

TIN         

(mg/L N)3
Sulfide 
(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

STE-Tank 1 7/1/10 14:00 G 26.0 6.9 210 0.1                      649 240      23 22 35.0 35 15.0 20 0.023 20.0

UNSAT-EC1 15" EC 7/1/10 13:45 G 27.2 7.3 110 7.1                      617 350      1 2 21.2 2.2 2.2 0.01 19.0 19.0 0.17 0.06 46
UNSAT-EC3 30" EC 7/1/10 13:40 G 27.6 7.3 84 6.9                      712 410      2 2 21.2 2.2 2.2 0.01 19.0 19.0
UNSAT-CL1 15" CL 7/1/10 13:30 G 27.2 8.3 230 3.5                      857 470      7 2 20.7 2.7 2.7 0.01 18.0 18.0 0.1 0.01 37
UNSAT-CL3 30" CL 7/1/10 13:20 G 26.6 8.6 270 6.9                      974 550      1 2 22.8 2.8 2.8 0.01 20.0 20.0
UNSAT-PS1 30" PS 7/1/10 13:15 G 27.0 7.3 160 2.7                      599 270      4 3.0 25.3 16.0 9.6 6.4 9.3 15.7

DENIT-SU4 80% SU; 20% NS 7/1/10 10:40 G
27.1 7.3 140 0.1                      929 560      1 3.9 0.8 0.8 0.7 0.1 0.01 0.1 1.8 0.6 260

DENIT-LS3 50% LS; 50%
Sand

7/1/10 10:30 G
28.1 7.7 200 0.1                      695 370      2 12.0 2.0 2.0 1.1 1.0 0.01 1.0

DENIT-SU3 80% SU; 20% OS 7/1/10 10:10 G 27.6 7.2 170 0.1                  1,257 710      16 13.0 2.7 2.7 2.2 0.5 0.01 0.5 4.7 1.8 340
DENIT-LS2 50% LS; 50% EC 7/1/10 10:00 G 27.2 8.1 370 0.1                      998 510      9 5.5 2.8 1.4 1.2 0.2 1.4 1.6
DENIT-LS4 30% LS; 70% EC 7/1/10 9:45 G 28.1 7.6 180 0.5                      618 270      1 9.1 14.0 14 8.2 5.8 0.01 5.8

RC1 7/1/10 14:10 G 30.8 7.3 160                      637 330      5 2.8 27.0 15 9.3 5.7 12 17.7
RC2 7/1/10 13:45 G 30.5 7.3 140                      679 340      3 2 27.0 15 9.7 5.3 12 17.3
RC3 7/1/10 12:50 G 29.2 7.6 200                      760 360      6 2 27.0 16 10.5 5.5 11 16.5
RC4 7/1/10 12:40 G 28.8 7.6 220                      811 400      21 2.7 27.0 16 10.5 5.5 11 16.5

UNSAT-CL4 30" CL 7/1/10 11:15 G 27.6 6.7 220 7.3                      860 480      8 2 10.3 2.4 2.4 0.021 7.9 7.9
UNSAT-CL2 15" CL 7/1/10 11:20 G 27.1 7.9 200 6.7                      781 440      3 2 17.1 2.1 2.1 0.01 15.0 15.0
UNSAT-EC4 30" EC 7/1/10 11:50 G 27.4 7.3 160 7.2                      661 350      1 2 18.9 1.9 1.9 0.01 17.0 17.0
UNSAT-SA2 30" Sand 7/1/10 12:25 G 26.7 6.0 110 7.0                      604 330      1 2 19.2 2.2 2.2 0.01 17.0 17.0

DFT 7/1/10 12:15 G 26.9 8.1 160 7.3                      744 390      1 2 21.2 3.2 3.2 0.01 18.0 18.0 0.1 0.01 46

DENIT-SU1 80% SU; 20% OS 7/1/10 14:20 G 27.5 7.2 200 0.5                  1,192 660      1 26.0 2.4 2.4 0.9 1.5 0.01 1.5 29.0 11 230
DENIT-SU2 80% SU; 20% NS 7/1/10 14:25 G

27.9 9.1 260 1.2                  1,398 690      1 4.9 6.4 1.2 1.2 0.01 5.2 5.2 0.1 0.01 140
DENIT-LS1 50% LS; 50% EC 7/1/10 13:05 G 27.3 7.5 250 0.5                      738 370      1 56.0 1.5 1.5 0.7 0.8 0.039 0.8
DENIT-GL1 12" GR; 60" EC 7/1/10 12:08 G 27.8 8.0 220 1.5                      794 380      1 39.0 6.6 1.9 0.9 1.0 4.7 5.7

UNSAT-IS1 (STE)
12" Sand; 12" 
Mix (45% EC, 
35% LS, 20% SU)

7/1/10 14:35 G 26.7 6.4 130 0.1                   2,438 1,600    113 7.8 0.4 0.41 0.4 0.045 0.022 0.1 0.1 0.01 1,100

UNSAT-IS2 (NO3)
12" Sand; 12" 
Mix (45% EC, 
35% LS, 20% SU)

7/1/10 14:35 G 26.6 6.1 210 0.4                   3,506 3,000    108 13.0 0.6 0.62 0.5 0.11 0.01 0.1 0.1 0.01 1,800

Stage 1 Single Pass Biofilters  Effluent

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.

STE Sample

Stage 2 Single Pass  Upflow Biofilters Effluent

Recirculation Tanks Effluent

Stage 1 Recirculating Biofilters Effluent

Denite Feed Tank (Tank 3)

Stage 2 Horizontal Biofilters Effluent

In-situ Simulator Biofilters Effluent

EC: expanded clay, CL: clinoptilolite, PS: polystyrene, SU: elemental sulfur, LS: lignocellulosic, GL: glycerol, OS: oyster shell, NS: sodium sesquicarbonate, GR: gravel
D.O. - Dissolved oxygen
G - Grab sample
Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Notes:
1Total Nitrogen (TN) is a calculated value equal to the sum of TKN and NOX.

2Organic Nitrogen (ON) is a calculated value equal to the difference of TKN and NH3.

3Total Inorganic Nitrogen (TIN) is a calculated value equal to the sum of NH3 and NOX.
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Statistical Summary of Water Quality Data 

 

           

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sample ID
Media 

Composition
Statistical 
Parameter

Temp 
(°C)

pH
Total 

Alkalinity 
(mg/L)

DO       
(mg/L)

Specific 
Conductance 

(µS)

TDS 
(mg/L)

TSS 
(mg/L)

CBOD5 

(mg/L)

TN       

(mg/L N)1
TKN       

(mg/L N)

Organic N 

(mg/L N)2
NH3-N 

(mg/L N)
NOx 

(mg/L N)

TIN         

(mg/L N)3
Sulfide 
(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

n 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 26.0 210 0.1 649 240 23 22 35 35.0 15.0 20 0.023 20.0
STD. DEV. - - - - - - - - - - - - -
MIN 26.0 6.9 210 0.1 649 240 23 22 35 35.0 15.0 20 0.023 20.0
MAX 26.0 6.9 210 0.1 649 240 23 22 35 35.0 15.0 20 0.023 20.0

n 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 27.2 110 7.1 617 350 1 2 21.2 2.2 2.2 0.01 19 19.0 0.17 0.06 46
STD. DEV. - - - - - - - - - - - - - - - -
MIN 27.2 7.3 110 7.1 617 350 1 2 21.2 2.2 2.2 0.01 19 19.0 0.17 0.06 46
MAX 27.2 7.3 110 7.1 617 350 1 2 21.2 2.2 2.2 0.01 19 19.0 0.17 0.06 46
n 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 27.6 84 6.9 712 410 2 2 21.2 2.2 2.2 0.01 19 19.0
STD. DEV. - - - - - - - - - - - - -
MIN 27.6 7.3 84 6.9 712 410 2 2 21.2 2.2 2.2 0.01 19 19.0
MAX 27.6 7.3 84 6.9 712 410 2 2 21.2 2.2 2.2 0.01 19 19.0
n 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 27.2 230 3.5 857 470 7 2 20.7 2.7 2.7 0.01 18 18.0 0.10 0.01 37
STD. DEV. - - - - - - - - - - - - - - - -
MIN 27.2 8.3 230 3.5 857 470 7 2 20.7 2.7 2.7 0.01 18 18.0 0.10 0.01 37
MAX 27.2 8.3 230 3.5 857 470 7 2 20.7 2.7 2.7 0.01 18 18.0 0.10 0.01 37
n 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 26.6 270 6.9 974 550 1 2 22.8 2.8 2.8 0.01 20 20.0
STD. DEV. - - - - - - - - - - - - -
MIN 26.6 8.6 270 6.9 974 550 1 2 22.8 2.8 2.8 0.01 20 20.0
MAX 26.6 8.6 270 6.9 974 550 1 2 22.8 2.8 2.8 0.01 20 20.0
n 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 27.0 160 2.7 599 270 4 3.0 25.3 16 9.6 6.4 9.3 15.7
STD. DEV. - - - - - - - - - - - - -
MIN 27.0 7.3 160 2.7 599 270 4 3.0 25.3 16 9.6 6.4 9.3 15.7
MAX 27.0 7.3 160 2.7 599 270 4 3.0 25.3 16 9.6 6.4 9.3 15.7

n 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 27.1 140 0.1 929 560 1 3.9 0.8 0.77 0.7 0.10 0.01 0.1 1.8 0.6 260
STD. DEV. - - - - - - - - - - - - - - - -
MIN 27.1 7.3 140 0.1 929 560 1 3.9 0.8 0.77 0.7 0.10 0.01 0.1 1.8 0.6 260
MAX 27.1 7.3 140 0.1 929 560 1 3.9 0.8 0.77 0.7 0.10 0.01 0.1 1.8 0.6 260
n 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 28.1 200 0.1 695 370 2 12 2.0 2.0 1.1 0.95 0.01 1.0
STD. DEV. - - - - - - - - - - - - -
MIN 28.1 7.7 200 0.1 695 370 2 12 2.0 2.0 1.1 0.95 0.01 1.0
MAX 28.1 7.7 200 0.1 695 370 2 12 2.0 2.0 1.1 0.95 0.01 1.0
n 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 27.6 170 0.1 1257 710 16 13 2.7 2.7 2.2 0.46 0.01 0.5 4.7 1.8 340
STD. DEV. - - - - - - - - - - - - - - - -
MIN 27.6 7.2 170 0.1 1257 710 16 13 2.7 2.7 2.2 0.46 0.01 0.5 4.7 1.8 340
MAX 27.6 7.2 170 0.1 1257 710 16 13 2.7 2.7 2.2 0.46 0.01 0.5 4.7 1.8 340

STE-Tank 1

UNSAT-EC1 15" Expanded Clay

UNSAT-EC3 30" Expanded Clay

UNSAT-CL1 15" Clinoptilolite

UNSAT-CL3 30" Clinoptilolite

UNSAT-PS1 30" Polystyrene

DENIT-SU4
80% Sulfur; 20% 
Sodium Sesqui.

DENIT-LS3
50% 
Lignocellulosic; 
50% Sand

DENIT-SU3
80% Sulfur; 20% 
Oyster Shell

STE Sample

Stage 2 Single Pass  Upflow Biofilters Effluent

Stage 1 Single Pass Biofilters  Effluent



Table 5 (con’t) 
Statistical Summary of Water Quality Data 

 

           

 

Sample ID
Media 

Composition
Statistical 
Parameter

Temp 
(°C)

pH
Total 

Alkalinity 
(mg/L)

DO       
(mg/L)

Specific 
Conductance 

(µS)

TDS 
(mg/L)

TSS 
(mg/L)

CBOD5 

(mg/L)

TN       

(mg/L N)1
TKN       

(mg/L N)
Organic N 

(mg/L N)2
NH3-N 

(mg/L N)
NOx 

(mg/L N)
TIN         

(mg/L N)3
Sulfide 
(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

n 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 27.2 370 0.1 998 510 9 5.5 2.8 1.4 1.2 0.23 1.4 1.6
STD. DEV. - - - - - - - - - - - - -
MIN 27.2 8.1 370 0.1 998 510 9 5.5 2.8 1.4 1.2 0.23 1.4 1.6
MAX 27.2 8.1 370 0.1 998 510 9 5.5 2.8 1.4 1.2 0.23 1.4 1.6
n 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 28.1 180 0.5 618 270 1 9.1 14.0 14 8.2 5.8 0.01 5.8
STD. DEV. - - - - - - - - - - - - -
MIN 28.1 7.6 180 0.5 618 270 1 9.1 14.0 14 8.2 5.8 0.01 5.8
MAX 28.1 7.6 180 0.5 618 270 1 9.1 14.0 14 8.2 5.8 0.01 5.8

n 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 30.8 160 637 330 5 2.8 27.0 15 9.3 5.7 12 17.7
STD. DEV. - - - - - - - - - - - -
MIN 30.8 7.3 160 637 330 5 2.8 27.0 15 9.3 5.7 12 17.7
MAX 30.8 7.3 160 637 330 5 2.8 27.0 15 9.3 5.7 12 17.7
n 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 30.5 140 679 340 3 2 27.0 15 9.7 5.3 12 17.3
STD. DEV. - - - - - - - - - - - -
MIN 30.5 7.3 140 679 340 3 2 27.0 15 9.7 5.3 12 17.3
MAX 30.5 7.3 140 679 340 3 2 27.0 15 9.7 5.3 12 17.3
n 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 29.2 200 760 360 6 2 27.0 16 10.5 5.5 11 16.5
STD. DEV. - - - - - - - - - - - -
MIN 29.2 7.6 200 760 360 6 2 27.0 16 10.5 5.5 11 16.5
MAX 29.2 7.6 200 760 360 6 2 27.0 16 10.5 5.5 11 16.5
n 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 28.8 220 811 400 21 2.7 27.0 16 10.5 5.5 11 16.5
STD. DEV. - - - - - - - - - - - -
MIN 28.8 7.6 220 811 400 21 2.7 27.0 16 10.5 5.5 11 16.5
MAX 28.8 7.6 220 811 400 21 2.7 27.0 16 10.5 5.5 11 16.5

n 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 27.6 220 7.3 860 480 8 2 10.3 2.4 2.4 0.021 7.9 7.9
STD. DEV. - - - - - - - - - - - - -
MIN 27.6 6.7 220 7.3 860 480 8 2 10.3 2.4 2.4 0.021 7.9 7.9
MAX 27.6 6.7 220 7.3 860 480 8 2 10.3 2.4 2.4 0.021 7.9 7.9
n 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 27.1 200 6.7 781 440 3 2 17.1 2.1 2.1 0.01 15 15.0
STD. DEV. - - - - - - - - - - - - -
MIN 27.1 7.9 200 6.7 781 440 3 2 17.1 2.1 2.1 0.01 15 15.0
MAX 27.1 7.9 200 6.7 781 440 3 2 17.1 2.1 2.1 0.01 15 15.0
n 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 27.4 160 7.2 661 350 1 2 18.9 1.9 1.9 0.01 17 17.0
STD. DEV. - - - - - - - - - - - - -
MIN 27.4 7.3 160 7.2 661 350 1 2 18.9 1.9 1.9 0.01 17 17.0
MAX 27.4 7.3 160 7.2 661 350 1 2 18.9 1.9 1.9 0.01 17 17.0

DENIT-LS2
50% 
Lignocellulosic; 
50% Expanded Clay

DENIT-LS4
30% 
Lignocellulosic; 
70% Expanded Clay

RC1

RC3

RC4

Stage 1 Recirculating Biofilters Effluent

Recirculation Tanks Effluent

UNSAT-CL4 30" Clinoptilolite

UNSAT-CL2 15" Clinoptilolite

30" Expanded ClayUNSAT-EC4

RC2



Table 5 (con’t) 
Statistical Summary of Water Quality Data 

 

           

Sample ID
Media 

Composition
Statistical 
Parameter

Temp 
(°C)

pH
Total 

Alkalinity 
(mg/L)

DO       
(mg/L)

Specific 
Conductance 

(µS)

TDS 
(mg/L)

TSS 
(mg/L)

CBOD5 

(mg/L)

TN       

(mg/L N)1
TKN       

(mg/L N)
Organic N 

(mg/L N)2
NH3-N 

(mg/L N)
NOx 

(mg/L N)
TIN         

(mg/L N)3
Sulfide 
(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

n 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 26.7 110 7.0 604 330 1 2 19.2 2.2 2.2 0.01 17 17.0
STD. DEV. - - - - - - - - - - - - -
MIN 26.7 6.0 110 7.0 604 330 1 2 19.2 2.2 2.2 0.01 17 17.0
MAX 26.7 6.0 110 7.0 604 330 1 2 19.2 2.2 2.2 0.01 17 17.0

n 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 26.9 160 744 390 1 2 21.2 3.2 3.2 0.01 18 18.0 0.1 0.01 46
STD. DEV. - - - - - - - - - - - - - - -
MIN 26.9 8.1 160 744 390 1 2 21.2 3.2 3.2 0.01 18 18.0 0.1 0.01 46
MAX 26.9 8.1 160 744 390 1 2 21.2 3.2 3.2 0.01 18 18.0 0.1 0.01 46

n 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 27.5 200 0.5 1192 660 1 26 2.4 2.4 0.9 1.5 0.01 1.5 29 11 230
STD. DEV. - - - - - - - - - - - - - - - -
MIN 27.5 7.2 200 0.5 1192 660 1 26 2.4 2.4 0.9 1.5 0.01 1.5 29 11 230
MAX 27.5 7.2 200 0.5 1192 660 1 26 2.4 2.4 0.9 1.5 0.01 1.5 29 11 230
n 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 27.9 260 1.2 1398 690 1 4.9 6.4 1.2 1.2 0.010 5.2 5.2 0.1 0.01 140
STD. DEV. - - - - - - - - - - - - - - - -
MIN 27.9 9.1 260 1.2 1398 690 1 4.9 6.4 1.2 1.2 0.010 5.2 5.2 0.1 0.01 140
MAX 27.9 9.1 260 1.2 1398 690 1 4.9 6.4 1.2 1.2 0.010 5.2 5.2 0.1 0.01 140
n 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 27.3 250 0.5 738 370 1 56 1.5 1.5 0.7 0.76 0.039 0.8
STD. DEV. - - - - - - - - - - - - -
MIN 27.3 7.5 250 0.5 738 370 1 56 1.5 1.5 0.7 0.76 0.039 0.8
MAX 27.3 7.5 250 0.5 738 370 1 56 1.5 1.5 0.7 0.76 0.039 0.8
n 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 27.8 220 1.5 794 380 1 39 6.6 1.9 0.9 1 4.7 5.7
STD. DEV. - - - - - - - - - - - - -
MIN 27.8 8.0 220 1.5 794 380 1 39 6.6 1.9 0.9 1 4.7 5.7
MAX 27.8 8.0 220 1.5 794 380 1 39 6.6 1.9 0.9 1 4.7 5.7

n 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 26.7 130 0.1 2438 1,600 113 7.8 0.432 0.41 0.365 0.045 0.022 0.07 0.1 0.01 1,100
STD. DEV. - - - - - - - - - - - - - - - -
MIN 26.7 6.4 130 0.1 2438 1,600 113 7.8 0.432 0.41 0.365 0.045 0.022 0.07 0.1 0.01 1,100
MAX 26.7 6.4 130 0.1 2438 1,600 113 7.8 0.432 0.41 0.365 0.045 0.022 0.07 0.1 0.01 1,100
n 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 26.6 210 0.4 3506 3,000 108 13 0.63 0.62 0.510 0.11 0.01 0.12 0.1 0.01 1,800
STD. DEV. - - - - - - - - - - - - - - - -
MIN 26.6 6.1 210 0.4 3506 3,000 108 13 0.63 0.62 0.510 0.11 0.01 0.12 0.1 0.01 1,800
MAX 26.6 6.1 210 0.4 3506 3,000 108 13 0.63 0.62 0.510 0.11 0.01 0.12 0.1 0.01 1,800

UNSAT-IS1 
(STE)

12" Sand; 12" Mix 
(45% EC, 35% 
Ligno, 20% Sulfur)

UNSAT-IS2 

(NO3)

12" Sand; 12" Mix 
(45% EC, 35% 
Ligno, 20% Sulfur)

In-situ Simulator Biofilters Effluent

DENIT-SU2
80% Sulfur; 20% 
Sodium Sesqui.

DENIT-LS1
50% 
Lignocellulosic; 
50% Expanded Clay

DENIT-GL1
12" Gravel; 60" 
Expanded Clay

UNSAT-SA2 30" Sand

DFT

Notes:

DENIT-SU1
80% Sulfur; 20% 
Oyster Shell

Stage 2 Horizontal Biofilters Effluent

Denite Feed Tank (Tank 3)

1Total Nitrogen (TN) is a calculated value equal to the sum of TKN and NOX
2Organic Nitrogen (ON) is a calculated value equal to the difference of TKN and NH3
3Total Inorganic Nitrogen (TIN) is a calculated value equal to the sum of NH3 and NOX

EC: expanded clay, CL: clinoptilolite, PS: polystyrene, SU: elemental sulfur, LS: lignocellulosic, GL: glycerol, OS: oyster shell, NS: sodium sesquicarbonate, GR: gravel
D.O. - Dissolved oxygen
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5.0 PNRS II Sample Event No. 1: Summary and Recommendations 

5.1 Summary  
The completion of Sample Event 1 marks a significant milestone in the progression of 
PNRS II.  In research and development projects of this type, the results of the first sam-
pling event serve to confirm that the experimental systems are functioning as intended 
and provide the basis upon which to make system adjustments and modifications.  The 
Sample Event No. 1 results indicate that the design and operating protocols established 
for PNRS II are essentially valid.  A highly effective test platform for evaluation of pas-
sive biofiltration systems for nitrogen reduction has been established.  Results of sample 
Event 1 indicate that: 

• Delivered flowrates to all biofilters were generally within 10% of target; 

• Eight out of nine Stage 1 unsaturated biofilters produced effluent NH3-N less than 
0.03 mg/L; 

• Seven out of nine Stage 2 saturated biofilters produced effluent NOx-N less than 
1.5 mg/L; 

• Effluent Total Nitrogen was less than 3.0 mg/L in four out of five of the directly 
coupled two-stage systems; and 

• Vertically stacked biofilters (In-Situ Simulators) produced effluents with close to 
detection levels of both NH3 and NOx. 

These results provide initial confirmation of the nitrogen reduction effectiveness of the 
PNRS II biofiltration systems and validate the ability of the GCREC pilot facility to pro-
vide a test platform for critical performance assessment. Where expected or desired 
PNRS II outcomes are not being achieved, they appear to be due to tractable issues that 
can be solved and are currently underway, as discussed in the following sections. 
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5.2 Recommendations  

Careful observation of PNRS II systems and the results of Sample Event No. 1 were 
used to formulate recommendations for adjustments and modifications to the test sys-
tems and the GCREC pilot facility.  A statement of the issue, description of the recom-
mended adjustment or modification and its rationale, and expected outcomes are pre-
sented below.  The recommendations listed below address the PNRS II performance 
issues that have been identified and each recommendation is believed to be capable of 
resolving the issue presented.  All recommendations are based on the overriding PNRS 
II goal of providing functional specifications for modular biofiltration components for on-
site nitrogen reducing treatment systems.  The project team will continuously evaluate all 
PNRS II results including those resulting from the recommended modifications, and 
make further adaptations as needed. 

5.2.1 Septic Tank Effluent (STE) Quality  
The two important input factors to PNRS II biofilters are the composition of Septic Tank 
Effluent (STE) and the applied STE flowrates.   It has been verified that target STE flo-
wrates have been successfully achieved. Sample Event No. 1 revealed that GCREC 
Septic Tank Effluent exhibited low concentrations of key parameters when compared to 
typical residential STE.  The PNRS II study is intended to evaluate systems that treat 
typical single residence STE and typical STE characteristics are desired. Examination of 
flow records of the existing GCREC treatment system indicated unexpectedly high flo-
wrates.  It was found upon further investigation that that condensate from the facility air 
conditioning (A/C) system was being drained into the wastewater system, ostensibly di-
luting the STE.   

The A/C condensate from GCREC air conditioning units was rerouted in mid July and no 
longer discharges to the sewer.  Additional STE sampling was conducted on July 21st to 
evaluate STE quality after removal of A/C condensate from the wastewater system.  
Samples were collected from existing GCREC septic tanks 1 and 2 as well as PNRS II 
STE storage Tank 1 and the STE feed to the Stage 1 biofilters.  Results of these sample 
analyses will be used to make decisions on potential changes to improve influent 
wastewater characteristics to the PNRS II systems.  Options include verifying that 
GCREC quality without A/C condensate is acceptable and using it as is or modifying the 
system by which STE is withdrawn from the GCREC wastewater system tank and 
pumped to the PNRS II dosing tank.  The result of these efforts will be to provide influent 
STE to the PNRS II systems that reasonably approximates STE characteristics typical of 
single family residences. 
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5.2.2 Polystyrene Media Performance  
The unsaturated single pass biofilter with polystyrene media (UNSAT-PS1) exhibited li-
mited reduction of organic nitrogen and ammonia as well as a lower effluent dissolved 
oxygen than the other single pass Stage 1 unsaturated biofilters.  Visual observations of 
the media surface suggested that the STE application system resulted in a majority of 
dosing in the central area of the horizontal cross section of media surface.  Flow moni-
toring confirmed that water transported rapidly through the polystyrene media following 
an applied STE dose, unlike the other single pass Stage 1 biofilters.  This not unex-
pected result can be attributed to the much larger media size of polystyrene media and 
its limited water retention characteristics versus other Stage 1 media.  A capillary mat 
was installed in UNSAT-PS1 on July 16th, above the mesh bag, to improve flow distribu-
tion. Other options are also being considered, including a spray dosing system. The out-
come of these efforts will be more uniform flow distribution to the surface of the polysty-
rene media and an improved evaluation of polystyrene performance capabilities in full 
scale applications.  
 

5.2.3 Glycerol Denitrification Performance  
The saturated horizontal denitrification biofilter with expanded clay media and glycerol as 
electron donor (DENIT-GL1) exhibited limited reduction of NOx.  Possible explanations 
include problems with the glycerol dosing system, slow establishment of glycerol utiliz-
ing, denitrifying microbial consortia within the biofilter, and sampling error.   The glycerol 
feed system has been modified and DENIT-GL1 performance will be evaluated in Sam-
ple Event 2.  Additionally, profiling will be conducted of NOx species across the DENIT-
GL1 biofilter, which will provide further insight into process efficacy.  The outcome will be 
successful evaluation of the performance of the Stage 2 denitrification biofilter using gly-
cerol as electron donor. 

5.2.4 Replace Alkalinity Supplement  
Sulfur containing denitrification systems include media for alkalinity addition.  Sodium 
sesquicarbonate was supplied as alkalinity supplement in one upflow denitrification bio-
filter (DENIT-SU4) and one horizontal denitrification biofilter (DENIT-SU-2).  Experience 
with this material has indicated that it was capable of rapid dissolution and possibly re-
precipitation, which could potentially limit long term alkalinity supply and hydraulic effec-
tiveness of denitrification biofilters.  Its use as an alkalinity supplement in full scale sys-
tems is questionable and sodium sesquicarbonate will be replaced with alternative alka-
linity supplements.  The media mixture in upflow denitrification biofilter DENIT-SU4 will 
be modified to include elemental sulfur, limestone, and expanded clay.  The media mix-
ture in horizontal denitrification biofilter (DENIT-SU-2) will also be modified to include 



o:
\4

42
37

-0
01

R
00

4\
W

pd
oc

s\
R

ep
or

t\F
in

al
 

 

 July 2010 

FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY PAGE 1-19 
PNRS II TEST FACILITY DATA SUJMMARY REPORT NO. 1 HAZEN AND SAWYER, P.C. 

elemental sulfur, limestone, and expanded clay.  The outcome will be replacement of the 
alkalinity supplement in DENIT-SU4 and DENIT-SU-2 and evaluation of the denitrifica-
tion performance of the modified biofilters. 

5.2.5 In-Situ Simulator Effluent Sulfate Concentration  
In-Situ Simulators contain vertically stacked media layers intended to affect enhanced 
simultaneous nitrification and denitrification in a single pass vertical downflow system.  
The concept is to employ an upper unsaturated media layer for nitrification underlain by 
one or more layers containing denitrification media.  The enhancement effect is due to 
the inclusion of electron donor (i.e. lignocellulosic material and/or elemental sulfur) into 
the unsaturated biofilter media in the lower layer.  The In-Situ Simulators deployed in 
PNRS II employed a mixed media of expanded clay, lignocellulosic material and elemen-
tal sulfur in fully unsaturated condition.  It was anticipated that deploying elemental sulfur 
under unsaturated conditions may result in greater sulfur oxidation to sulfate than if sul-
fur was contained in a saturated biofilter, however the sulfate level that would be 
reached by deploying sulfur in an unsaturated biofilter was unknown. 

UNSAT-IS1 and UNSAT-IS2 both produced very low NH3-N, NOx-N and organic nitrogen 
concentrations in Sample Event No. 1, but sulfate levels were high.  It is desired to ex-
plore the ability of single pass vertically stacked biofiltration systems to reduce Total Ni-
trogen while limiting effluent sulfate levels when elemental sulfur is included as a denitri-
fication electron donor. 

In an attempt to decrease sulfur oxidation in the lower layer, the discharge pipe of both 
In-Situ Simulators was modified on July 20th to saturate the lower 12” of the media bed.  
The denitrification media was fully encompassed within the saturated layer.  Future mon-
itoring will determine if this modification provides an improvement to the sulfate concen-
trations in the effluent from these systems, while maintaining adequate nitrogen reduc-
tions.   

In addition, the overall PNRS II objective is to incorporate PNRS II results into the design 
of full scale testing at homeowner sites in FOSNRS Task B.  The In-situ simulator results 
are critical for Task B activities and may delay Task B if not expedited.  Due to the need 
to develop functional specifications for vertically stacked single pass biofiltration sys-
tems, it is recommended to deploy two additional vertically stacked biofilter systems to 
evaluate alternative media designs.  The purpose of these is to evaluate media designs 
that achieve the potential benefit of enhancement of simultaneous nitrification / denitrifi-
cation in unsaturated media and to minimize sulfate in the effluent. These will consist of 
small diameter biofilters with unsaturated media (sand), underlain by an unsaturated 
layer of expanded clay and lignocellulosic media, in turn underlain by a fully saturated 
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layer of elemental sulfur.  These systems will be dosed at the same frequency (once per 
4 hours) and average hydraulic loading rate (0.8 gal/ft2-day) as the currently deployed 
UNSAT-IS1 and UNSAT-IS2.  One will receive STE, and the second will receive nitrified 
effluent.  Monitoring will be conducted of system effluent as well as intermediate nitrogen 
species within the biofilter below the unsaturated expanded clay/lignocellulosic layer and 
above the saturated sulfur layer. To monitor nitrogen species before contact with the 
elemental sulfur layer, an intermediary media layer of coarse sand/gravel may be in-
stalled above the sulfur layer and will be partially saturated.  This would likely prevent 
upward communication from the sulfur layer and enable water samples to be collected 
from the saturated portion of the sand/gravel which represent the treatment effects of the 
unsaturated zone, without sulfur influence.  In this manner, the effectiveness of the unsa-
turated system with only lignocellulosic electron donor and the added effect of underlying 
sulfur will be delineated.   

The outcome of these efforts will be to specify the optimal media configuration to be em-
ployed in the In-Situ (mini-mound) systems, which will then be constructed at GCREC.  
In-Situ Simulator results from PNRS II are on the critical path.  Modifications to the exist-
ing In-situ simulators and deployment of additional vertically stacked systems will pro-
vide the functional specifications required in order to proceed with construction of the In-
Situ mini-mounds in a timely manner. 
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Appendix A: Operation & Maintenance Log 

 
 

Table A.1 
Operation and Maintenance Log 

 
 

Date Description 
5/17/2010 Start-up 
5/20/2010 Pump 1 not in Auto, LL float alarm, refilled Tank 1 to HIGH float 
5/24/2010 First glycerol batch prepared (125 mL glycerol; 1875 mL DI water) 

1:15 dilution (125 mL glycerol, 1875 mL DI water) 
5/26/2010 LL float alarm, refilled Tank 1 to HIGH float 

6/1/2010 Replaced glycerol tubing 
6/4/2010 LL float alarm, refilled Tank 1 to HIGH float, determined that LOW float is faulty 

Revised floats so that old Low Float is now High float  
Revised program installed so that only LOW Float turns on/off Pump 1 

6/8/2010 Second glycerol batch prepared (125 mL glycerol; 1875 mL DI water) 
6/18/2010 Pump 1 screen cleaned with hose 
6/21/2010 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 

Pump 8 was on "OFF", turned back to "AUTO" 
6/22/2010 Pump 5 had turned off, turned back on at 9:32 am 
6/28/2010 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 

Replaced glycerol tubing, kink in top, added elbow 
Russ replaced existing GCREC mound Pump 2 ~ 11:00 am 

7/2/2010 Pump 1 screen cleaned with hose 
7/8/2010 Glycerol tubing had released to bottom of container, replaced with hard tubing all the way 

Tank 1 LOW Float revised magnet distance to shorten Pump 1 runtime 
Pump 1 screen cleaned with hose 

7/12/2010 Pump 5 Error Code 18, cleared alarm and restarted pump 
7/14/2010 UPS beeping, problem with receptacle, temporary fix with extension cord 
7/15/2010 Electrician fixed receptacle 
7/16/2010 Per Dr. Stanley all condensate flow diverted from septic system. 

Russ fixed existing GCREC Mound Pump 2 which had not been running 
Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 
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7/16/2010 Third glycerol batch prepared (125 mL glycerol; 1875 mL DI water) 
Capillary mat added to PS-1  

7/19/2010 IS 1 changed discharge (rotated 180°) now 15 inches of saturation from bottom of tank  
7/20/2010 IS 2 changed discharge (rotated 180°) now 15 inches of saturation from bottom of tank  

Removed PS1 capillary mat from inside mesh bag (ponding), replaced with new one on top 
of mesh 

7/26/2010 Glycerol batch #4 (70 mL glycerol; 1930 mL DI water) 
8/3/2010 Glycerol batch #5 (70 mL glycerol; 1930 mL DI water) 
8/4/2010 Cleaned crosses in Stage 1 Recirculating Biofilters 

Added tees to outlet in RC1 and RC4 tanks to alleviate blockage build-up 
Replaced Hydrosplitter 1 & 2 tubing 
Replaced Stage 2 Horizontal tubing from Pump 11 
Cleaned Stage 2 Horizontal sample ports 
Lowered Pump 1 Low Float 2 wraps to decrease volume in tank(decrease residence time) 
to 
improve STE quality. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure A.1 

Capillary Mat Installed above Polystyrene Media 
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Figure A.2  

Revised In-situ Simulators Discharge Piping 
 

 
 

Figure A.3 
RC1 Outlet Tee 
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Figure A.4 

UNSAT-CL4 before Cleaning 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure A.5 

UNSAT-CL4 after Cleaning 
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Appendix B: PLC Data Tables 

 
 

Table B.1 
PLC Recorded Daily Flows 

Days 
Since 

Start-Up 
Date 

Pump 4 to
Hydro 1 

Pump 14  to
Hydro 2 

Pump 6 
Recirc. 

System 1 

Pump 7 
Recirc. 

System 2 

Pump 8 
Recirc. 

System 3 

Pump 9 
Recirc. 

System 4 
(Gallons) (Gallons) (Gallons) (Gallons) (Gallons) (Gallons) 

0 5/17/2010 43 37 24 25 24 25 
1 5/18/2010 76 67 44 47 44 44 
2 5/19/2010 75 64 44 46 44 44 
3 5/20/2010 68 61 42 44 42 43 
4 5/21/2010 77 68 45 46 45 44 
5 5/22/2010 77 67 45 47 44 45 
6 5/23/2010 76 68 44 47 44 44 
7 5/24/2010 75 65 45 48 44 45 
8 5/25/2010 64 56 39 41 38 39 
9 5/26/2010 51 43 28 30 28 28 

10 5/27/2010 77 67 45 47 44 44 
11 5/28/2010 77 68 45 47 44 45 
12 5/29/2010 77 69 44 47 44 45 
13 5/30/2010 76 66 45 47 44 44 
14 5/31/2010 74 65 45 48 44 45 
15 6/1/2010 69 61 41 43 41 41 
16 6/2/2010 77 67 45 48 45 45 
17 6/3/2010 75 67 45 47 44 44 
18 6/4/2010 77 65 44 47 42 44 
19 6/5/2010 76 67 45 47 45 45 
20 6/6/2010 77 68 45 47 44 44 
21 6/7/2010 77 68 44 47 45 45 
22 6/8/2010 76 68 45 48 44 45 
23 6/9/2010 77 68 45 47 45 44 
24 6/10/2010 76 67 45 47 45 45 
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Appendix B July 2010 

FLORIDA DEPARTMENT OF HEALTH PAGE B-2 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 1 HAZEN AND SAWYER, P.C. 

 

Days 
Since 

Start-Up 
Date 

Pump 4 to
Hydro 1 

Pump 14  to
Hydro 2 

Pump 6 
Recirc. 

System 1 

Pump 7 
Recirc. 

System 2 

Pump 8 
Recirc. 

System 3 

Pump 9 
Recirc. 

System 4 
(Gallons) (Gallons) (Gallons) (Gallons) (Gallons) (Gallons) 

25 6/11/2010 77 68 45 48 45 45 
26 6/12/2010 76 68 44 47 44 44 
27 6/13/2010 76 68 45 47 45 45 
28 6/14/2010 76 72 45 48 45 45 
29 6/15/2010 76 73 45 47 45 44 
30 6/16/2010 77 71 45 48 45 45 
31 6/17/2010 75 71 44 47 34 45 
32 6/18/2010 76 71 45 47 0 44 
33 6/19/2010 76 72 44 48 0 45 
34 6/20/2010 75 71 45 47 0 44 
35 6/21/2010 73 69 42 45 12 43 
36 6/22/2010 75 71 45 47 45 45 
37 6/23/2010 76 72 44 48 45 44 
38 6/24/2010 75 72 45 48 44 45 
39 6/25/2010 75 72 45 47 45 45 
40 6/26/2010 76 71 44 48 45 44 
41 6/27/2010 75 72 45 47 44 45 
42 6/28/2010 75 71 44 48 44 43 
43 6/29/2010 75 71 44 47 44 45 
44 6/30/2010 74 71 44 48 44 44 
45 7/1/2010 71 68 44 47 44 45 
46 7/2/2010 76 68 44 47 44 44 
47 7/3/2010 75 69 44 48 44 44 
48 7/4/2010 75 69 44 47 44 45 
49 7/5/2010 75 68 44 47 45 44 
50 7/6/2010 76 69 44 48 44 44 
51 7/7/2010 75 68 44 47 44 45 
52 7/8/2010 76 69 44 48 44 44 
53 7/9/2010 76 70 44 47 44 45 
54 7/10/2010 76 69 45 48 45 45 
55 7/11/2010 76 68 44 48 44 44 
56 7/12/2010 76 69 44 47 44 45 
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Appendix B July 2010 

FLORIDA DEPARTMENT OF HEALTH PAGE B-3 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 1 HAZEN AND SAWYER, P.C. 

 

Days 
Since 

Start-Up 
Date 

Pump 4 to
Hydro 1 

Pump 14  to
Hydro 2 

Pump 6 
Recirc. 

System 1 

Pump 7 
Recirc. 

System 2 

Pump 8 
Recirc. 

System 3 

Pump 9 
Recirc. 

System 4 
(Gallons) (Gallons) (Gallons) (Gallons) (Gallons) (Gallons) 

57 7/13/2010 76 69 44 48 45 44 
58 7/14/2010 78 71 43 46 43 43 
59 7/15/2010 75 69 44 48 45 44 
60 7/16/2010 76 70 44 48 44 45 
61 7/17/2010 75 69 45 47 45 44 
62 7/18/2010 76 69 44 48 45 45 
63 7/19/2010 76 69 44 48 45 44 
64 7/20/2010 75 68 45 48 44 45 
65 7/21/2010 76 74 44 47 45 44 
66 7/22/2010 75 69 44 48 45 45 
67 7/23/2010 75 69 45 48 44 45 
68 7/24/2010 75 68 44 48 44 44 
69 7/25/2010 74 69 44 48 44 45 
70 7/26/2010 75 68 45 48 44 45 
71 7/27/2010 75 68 44 48 44 44 
72 7/28/2010 74 68 45 48 44 45 
73 7/29/2010 74 68 45 48 45 44 
74 7/30/2010 74 67 44 47 44 45 
75 7/31/2010 75 68 45 48 44 44 
76 8/1/2010 74 68 45 46 45 45 
77 8/2/2010 74 68 44 48 44 44 
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Appendix B July 2010 

FLORIDA DEPARTMENT OF HEALTH PAGE B-4 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 1 HAZEN AND SAWYER, P.C. 

 

Table B.2 
PLC Recorded Daily Runtimes 

Days 
Since 

Start-Up 
Date 

STE 
Pump 1 to 

Tank 1 

Pump 4 to 
Hydro 1 

Pump 14  
to 

Hydro 2 

Pump 6 
Recirc. 

System 1 

Pump 7 
Recirc. 

System 2 

Pump 8 
Recirc. 

System 3 

Pump 9 
Recirc. 

System 4 
(minutes) (minutes) (minutes) (minutes) (minutes) (minutes) (minutes) 

0 5/17/2010 0 7 6 4 4 4 4 
1 5/18/2010 0 13 11 6 7 6 6 
2 5/19/2010 0 13 10 7 6 6 6 
3 5/20/2010 16 11 11 6 7 6 6 
4 5/21/2010 0 13 11 6 7 7 7 
5 5/22/2010 8 13 10 7 6 6 6 
6 5/23/2010 0 13 11 6 7 7 7 
7 5/24/2010 0 12 11 6 7 6 6 
8 5/25/2010 0 12 9 6 6 6 6 
9 5/26/2010 17 8 7 4 4 4 4 

10 5/27/2010 0 13 11 6 7 6 6 
11 5/28/2010 18 13 11 7 7 6 6 
12 5/29/2010 0 12 10 6 6 7 7 
13 5/30/2010 719 13 11 6 7 6 6 
14 5/31/2010 1440 13 11 7 7 6 6 
15 6/1/2010 543 12 10 6 6 6 6 
16 6/2/2010 2 12 11 6 7 7 7 
17 6/3/2010 0 13 10 6 7 6 6 
18 6/4/2010 13 13 11 7 7 6 6 
19 6/5/2010 6 13 11 6 6 7 7 
20 6/6/2010 5 12 11 6 7 6 6 
21 6/7/2010 5 13 10 7 7 7 7 
22 6/8/2010 0 13 11 6 7 6 6 
23 6/9/2010 6 13 11 7 7 6 6 
24 6/10/2010 5 13 11 6 6 7 7 
25 6/11/2010 7 12 11 6 7 6 6 
26 6/12/2010 6 13 10 7 7 7 7 
27 6/13/2010 6 13 11 6 7 6 6 
28 6/14/2010 7 13 11 7 6 6 6 
29 6/15/2010 7 13 11 6 7 7 7 
30 6/16/2010 659 12 11 6 7 6 6 
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Appendix B July 2010 

FLORIDA DEPARTMENT OF HEALTH PAGE B-5 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 1 HAZEN AND SAWYER, P.C. 

 

Days 
Since 

Start-Up 
Date 

STE 
Pump 1 to 

Tank 1 

Pump 4 to 
Hydro 1 

Pump 14  
to 

Hydro 2 

Pump 6 
Recirc. 

System 1 

Pump 7 
Recirc. 

System 2 

Pump 8 
Recirc. 

System 3 

Pump 9 
Recirc. 

System 4 
(minutes) (minutes) (minutes) (minutes) (minutes) (minutes) (minutes) 

31 6/17/2010 973 13 11 7 7 5 6 
32 6/18/2010 6 13 10 6 7 0 7 
33 6/19/2010 6 13 11 6 6 0 6 
34 6/20/2010 5 12 11 7 7 0 7 
35 6/21/2010 5 13 11 6 7 2 6 
36 6/22/2010 5 13 10 7 7 6 6 
37 6/23/2010 6 13 11 6 7 7 7 
38 6/24/2010 5 13 11 6 6 6 6 
39 6/25/2010 0 12 11 7 7 7 7 
40 6/26/2010 5 13 11 6 7 6 6 
41 6/27/2010 6 13 10 7 7 6 6 
42 6/28/2010 5 13 11 6 6 7 7 
43 6/29/2010 6 13 11 6 7 6 6 
44 6/30/2010 6 12 11 7 7 6 6 
45 7/1/2010 6 13 10 6 7 7 7 
46 7/2/2010 121 13 11 6 7 6 6 
47 7/3/2010 6 13 11 7 6 7 7 
48 7/4/2010 5 12 11 6 7 6 6 
49 7/5/2010 5 13 11 7 7 6 6 
50 7/6/2010 0 13 10 6 7 7 7 
51 7/7/2010 6 13 11 6 6 6 6 
52 7/8/2010 11 13 11 7 7 6 6 
53 7/9/2010 5 12 11 6 7 7 7 
54 7/10/2010 4 13 10 7 7 6 6 
55 7/11/2010 5 13 11 6 7 7 7 
56 7/12/2010 5 13 11 6 6 6 6 
57 7/13/2010 5 12 11 7 7 6 6 
58 7/14/2010 4 13 11 6 7 7 7 
59 7/15/2010 5 13 10 6 7 6 6 
60 7/16/2010 4 13 11 7 7 7 7 
61 7/17/2010 5 13 11 6 6 6 6 
62 7/18/2010 9 12 11 7 7 6 6 
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Appendix B July 2010 

FLORIDA DEPARTMENT OF HEALTH PAGE B-6 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 1 HAZEN AND SAWYER, P.C. 

 

Days 
Since 

Start-Up 
Date 

STE 
Pump 1 to 

Tank 1 

Pump 4 to 
Hydro 1 

Pump 14  
to 

Hydro 2 

Pump 6 
Recirc. 

System 1 

Pump 7 
Recirc. 

System 2 

Pump 8 
Recirc. 

System 3 

Pump 9 
Recirc. 

System 4 
(minutes) (minutes) (minutes) (minutes) (minutes) (minutes) (minutes) 

63 7/19/2010 5 13 11 6 7 7 7 
64 7/20/2010 5 13 10 6 7 6 6 
65 7/21/2010 4 13 12 7 6 6 6 
66 7/22/2010 5 12 11 6 7 7 7 
67 7/23/2010 4 13 10 7 7 6 6 
68 7/24/2010 5 13 11 6 7 7 7 
69 7/25/2010 5 13 11 6 7 6 6 
70 7/26/2010 4 13 11 7 6 6 6 
71 7/27/2010 5 12 11 6 7 7 7 
72 7/28/2010 4 13 10 6 7 6 6 
73 7/29/2010 5 13 11 7 7 7 7 
74 7/30/2010 5 13 11 6 6 6 6 
75 7/31/2010 4 13 11 7 7 6 6 
76 8/1/2010 5 12 10 6 7 7 7 
77 8/2/2010 4 13 11 6 7 6 6 
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FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY  PAGE C-1 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 1 HAZEN AND SAWYER, P.C. 

Appendix C: Flow Cycle Tests 
 
 
 
 

Table C.1 
Stage 1 Single Pass Biofilters Flow Cycle 

 

PS1 CL3 CL1 EC3 EC1 PS1 CL3 CL1 EC3 EC1

30 in. 30 in. 15 in. 30 in. 15 in. 30 in. 30 in. 15 in. 30 in. 15 in.

7/28/10 7/28/10 7/28/10 7/28/10 7/28/10 7/28/10 7/28/10 7/28/10 7/28/10 7/28/10

0.00 - - - - - 0 0 0 0 0
5.00 1,446 181 227 222 140 1,446 181 227 222 140

10.00 275 148 469 199 199 1,721 329 696 421 339
15.17 122 148 373 195 268 1,843 477 1,069 616 607
20.00 65 176 260 179 265 1,908 653 1,329 795 872
25.00 47 238 215 188 239 1,955 891 1,544 983 1,111
30.00 35 270 170 195 229 1,990 1,161 1,714 1,178 1,340
35.00 27 267 142 201 191 2,016 1,428 1,856 1,379 1,531
40.00 25 249 122 208 180 2,041 1,677 1,978 1,587 1,711
45.00 18 225 110 210 161 2,059 1,902 2,088 1,797 1,872
50.00 15 203 100 210 138 2,074 2,105 2,188 2,007 2,010
55.00 13 182 89 210 109 2,087 2,287 2,277 2,217 2,119
60.00 13 170 83 208 130 2,100 2,457 2,360 2,425 2,249

Incremental Volume (ml) Cumulative Volume (ml)

Stage 1 Single Pass Biofilters Effluent

Time 
minutes
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Appendix C July 2010 

FLORIDA DEPARTMENT OF HEALTH PAGE C-3 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 1 HAZEN AND SAWYER, P.C. 

 

Table C.2 
Stage 2 Single Pass Biofilters Flow Cycle Incremental Volume  

 

LS4 LS2 SU3 LS3 SU4 LS4 LS2 SU3 LS3 SU4

24 in. 24 in. 24 in. 24 in. 24 in. 24 in. 24 in. 24 in. 24 in. 24 in.

7/28/10 7/28/10 7/28/10 7/28/10 7/28/10 7/28/10 7/28/10 7/28/10 7/28/10 7/28/10

0.00 - - - - 0 0 0 0 0
5.00 645 165 90 172 125 645 165 90 172 125

10.00 633 155 268 230 140 1,278 320 358 402 265
15.00 280 148 368 187 160 1,558 468 726 589 425
20.00 170 151 338 193 203 1,728 619 1,064 782 628
25.00 109 183 255 180 205 1,837 802 1,319 962 833
30.00 79 230 208 190 230 1,916 1,032 1,527 1,152 1,063
35.00 50 249 112 189 216 1,966 1,281 1,639 1,341 1,279
40.00 35 259 105 202 201 2,001 1,540 1,744 1,543 1,480
45.28 33 250 140 219 195 2,034 1,790 1,884 1,762 1,675
50.00 26 209 108 192 159 2,060 1,999 1,992 1,954 1,834
55.00 20 200 104 205 160 2,080 2,199 2,096 2,159 1,994
60.00 21 192 100 200 140 2,101 2,391 2,196 2,359 2,134

Stage 2 Single Pass Upflow Biofilters Effluent

Incremental Volume (ml) Cumulative Volume (ml)

Time 
minutes
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Appendix C July 2010 

FLORIDA DEPARTMENT OF HEALTH PAGE C-3 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 1 HAZEN AND SAWYER, P.C. 

 

Table C.3 
Stage 1 Recirculating Biofilters Flow Cycle Incremental Volume 

 
 

Table C.4 
Stage 2 Horizontal Biofilters Flow Cycle Incremental Volume  

 

SA2 EC4 CL2 CL4 SA2 EC4 CL2 CL4

30 in. 30 in. 15 in. 30 in. 30 in. 30 in. 15 in. 30 in.

7/28/10 7/28/10 7/13/10 7/13/10 7/28/10 7/28/10 7/13/10 7/13/10

0.00 - - - - 0 0 0 0
5.00 420 422 1,075 361 420 422 1,075 361

10.00 390 398 3,000 617 810 820 4,075 978
15.00 739 794 1,575 1,512 1,549 1,614 5,650 2,490
20.00 1,320 1,400 955 1,401 2,869 3,014 6,605 3,891
25.00 1,240 1,328 658 1,148 4,109 4,342 7,263 5,039
30.00 1,097 1,150 485 948 5,206 5,492 7,748 5,987
35.00 905 962 378 789 6,111 6,454 8,126 6,776
40.00 780 839 310 667 6,891 7,293 8,436 7,443
45.00 708 708 258 576 7,599 8,001 8,694 8,019
50.00 590 620 230 522 8,189 8,621 8,924 8,541
55.00 525 542 182 428 8,714 9,163 9,106 8,969
60.00 467 490 171 402 9,181 9,653 9,277 9,371

Incremental volume (ml) Cumulative volume (ml)

Time 
minutes

Stage 1 Recirculating Biofilters Effluent

GL1 LS1 SU2 SU1 GL1 LS1 SU2 SU1

72 in. 72 in. 72 in. 72 in. 72 in. 72 in. 72 in. 72 in.

7/28/10 7/28/10 7/28/10 7/28/10 7/28/10 7/28/10 7/28/10 7/28/10

0.00 - - - - 0 0 0 0
5.00 235 258 269 280 235 258 269 280

10.00 11 11 5 4 246 269 274 284
15.08 4 2 2 2 250 271 276 286
20.00 4 2 2 2 254 273 278 288
25.00 5 2 2 3 259 275 281 290
30.00 5 1 2 3 264 276 282 293
35.00 5 2 2 2 269 278 284 295
40.08 6 3 2 2 274 281 287 297
45.37 6 3 3 3 280 284 290 300
50.00 5 2 1 2 285 285 291 302
55.00 6 4 3 3 290 290 293 305
60.00 4 1 2 2 295 291 295 307

Incremental Volume (ml) Cumulative Volume (ml)

Stage 2 Horizontal Biofilters Effluent

Time 
minutes
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FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY  PAGE D-1 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO.  1 HAZEN AND SAWYER, P.C. 

 
Appendix D: Laboratory Report 

 



Hazen and Sawyer, PC
10002 Princess Palm Avenue
Suite 200
Tampa, FL  33619-

July 8, 2010
Project No:  102787

Southern Analytical Laboratories, inc.
110 BAYVIEW BOULEVARD, OLDSMAR, FL  34677        813-855-1844  fax 813-855-2218

 Laboratory Report 
Project Name PNRS II Wastewater System Analyses

Parameters ResultsUnits Method Date/Time 
Analyzed

AnalystDetection 
Limit

Date/Time
 Prep

102787.01
Date/Time Collected 07/01/10

Sample Description GC-STE-T1

SAL Sample Number
14:00

Date/Time Received 07/01/10 16:00

Matrix Wastewater

Inorganics

210Total Alkalinity as CaCO3 mg/l SM 2320B 07/02/10  15:00 KTC2  
20Ammonia Nitrogen mg/l N EPA 350.1 07/02/10  09:00 SMB0.01  
22Carbonaceous BOD mg/l SM 5210 B 07/07/10  13:30 KTC2 07/02/10  09:30

0.023Nitrate-Nitrite (as N) mg/l EPA 353.2 07/02/10  13:46 SMBI 0.01  
240Total Dissolved Solids mg/l SM 2540C 07/07/10  13:30 MJV10 07/02/10  12:00
35Total Kjeldahl Nitrogen mg/l N EPA 351.2 07/06/10  09:30 MEJ0.05 07/02/10  08:25
23Total Suspended Solids mg/l SM 2540D 07/06/10  15:00 MJV1 07/02/10  09:30

102787.02
Date/Time Collected 07/01/10

Sample Description GC-RC1

SAL Sample Number
14:10

Date/Time Received 07/01/10 16:00

Matrix Wastewater

Inorganics

160Total Alkalinity as CaCO3 mg/l SM 2320B 07/02/10  15:00 KTC2  
5.7Ammonia Nitrogen mg/l N EPA 350.1 07/02/10  09:00 SMB0.01  
2.8Carbonaceous BOD mg/l SM 5210 B 07/07/10  13:30 KTC2 07/02/10  09:30
12Nitrate-Nitrite (as N) mg/l EPA 353.2 07/02/10  13:46 SMB0.01  

330Total Dissolved Solids mg/l SM 2540C 07/07/10  13:30 MJV10 07/02/10  12:00
15Total Kjeldahl Nitrogen mg/l N EPA 351.2 07/06/10  09:30 MEJ0.05 07/02/10  08:25

5Total Suspended Solids mg/l SM 2540D 07/06/10  15:00 MJV1 07/02/10  09:30

Francis I. Daniels, Laboratory Director
Leslie C. Boardman, Q. A. Manager

FDOH Laboratory No. E84129
NELAP Accredited
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Hazen and Sawyer, PC
10002 Princess Palm Avenue
Suite 200
Tampa, FL  33619-

July 8, 2010
Project No:  102787

Southern Analytical Laboratories, inc.
110 BAYVIEW BOULEVARD, OLDSMAR, FL  34677        813-855-1844  fax 813-855-2218

 Laboratory Report 
Project Name PNRS II Wastewater System Analyses

Parameters ResultsUnits Method Date/Time 
Analyzed

AnalystDetection 
Limit

Date/Time
 Prep

102787.03
Date/Time Collected 07/01/10

Sample Description GC-RC2

SAL Sample Number
13:45

Date/Time Received 07/01/10 16:00

Matrix Wastewater

Inorganics

140Total Alkalinity as CaCO3 mg/l SM 2320B 07/02/10  15:00 KTC2  
5.3Ammonia Nitrogen mg/l N EPA 350.1 07/02/10  09:00 SMB0.01  

2Carbonaceous BOD mg/l SM 5210 B 07/07/10  13:30 KTCU 2 07/02/10  09:30
12Nitrate-Nitrite (as N) mg/l EPA 353.2 07/02/10  13:46 SMB0.01  

340Total Dissolved Solids mg/l SM 2540C 07/07/10  13:30 MJV10 07/02/10  12:00
15Total Kjeldahl Nitrogen mg/l N EPA 351.2 07/06/10  09:30 MEJ0.05 07/02/10  08:25

3Total Suspended Solids mg/l SM 2540D 07/06/10  15:00 MJV1 07/02/10  09:30

102787.04
Date/Time Collected 07/01/10

Sample Description GC-RC3

SAL Sample Number
12:50

Date/Time Received 07/01/10 16:00

Matrix Wastewater

Inorganics

200Total Alkalinity as CaCO3 mg/l SM 2320B 07/02/10  15:00 KTC2  
5.5Ammonia Nitrogen mg/l N EPA 350.1 07/02/10  09:00 SMB0.01  

2Carbonaceous BOD mg/l SM 5210 B 07/07/10  13:30 KTCU 2 07/02/10  09:30
11Nitrate-Nitrite (as N) mg/l EPA 353.2 07/02/10  13:46 SMB0.01  

360Total Dissolved Solids mg/l SM 2540C 07/07/10  13:30 MJV10 07/02/10  12:00
16Total Kjeldahl Nitrogen mg/l N EPA 351.2 07/06/10  09:30 MEJ0.05 07/02/10  08:25

6Total Suspended Solids mg/l SM 2540D 07/06/10  15:00 MJV1 07/02/10  09:30

Francis I. Daniels, Laboratory Director
Leslie C. Boardman, Q. A. Manager

FDOH Laboratory No. E84129
NELAP Accredited

Page 2 of 17



Hazen and Sawyer, PC
10002 Princess Palm Avenue
Suite 200
Tampa, FL  33619-

July 8, 2010
Project No:  102787

Southern Analytical Laboratories, inc.
110 BAYVIEW BOULEVARD, OLDSMAR, FL  34677        813-855-1844  fax 813-855-2218

 Laboratory Report 
Project Name PNRS II Wastewater System Analyses

Parameters ResultsUnits Method Date/Time 
Analyzed

AnalystDetection 
Limit

Date/Time
 Prep

102787.05
Date/Time Collected 07/01/10

Sample Description GC-RC4

SAL Sample Number
12:40

Date/Time Received 07/01/10 16:00

Matrix Wastewater

Inorganics

220Total Alkalinity as CaCO3 mg/l SM 2320B 07/02/10  15:00 KTC2  
5.5Ammonia Nitrogen mg/l N EPA 350.1 07/02/10  09:00 SMB0.01  
2.7Carbonaceous BOD mg/l SM 5210 B 07/07/10  13:30 KTC2 07/02/10  09:30
11Nitrate-Nitrite (as N) mg/l EPA 353.2 07/02/10  13:46 SMB0.01  

400Total Dissolved Solids mg/l SM 2540C 07/07/10  13:30 MJV10 07/02/10  12:00
16Total Kjeldahl Nitrogen mg/l N EPA 351.2 07/06/10  09:30 MEJ0.05 07/02/10  08:25
21Total Suspended Solids mg/l SM 2540D 07/06/10  15:00 MJV1 07/02/10  09:30

102787.06
Date/Time Collected 07/01/10

Sample Description GC-IS1

SAL Sample Number
14:35

Date/Time Received 07/01/10 16:00

Matrix Wastewater

Inorganics

130Total Alkalinity as CaCO3 mg/l SM 2320B 07/02/10  15:00 KTC2  
0.045Ammonia Nitrogen mg/l N EPA 350.1 07/02/10  09:00 SMB0.01  

7.8Carbonaceous BOD mg/l SM 5210 B 07/07/10  13:30 KTC2 07/02/10  09:30
0.01Hydrogen Sulfide (Unionized) mg/l SM 4500S F 07/05/10  10:15 KTCU 0.01  
0.1Sulfide mg/l SM 4500S F 07/05/10  10:15 KTCU 0.1  

0.022Nitrate-Nitrite (as N) mg/l EPA 353.2 07/02/10  13:46 SMBI 0.01  
1,100Sulfate mg/l EPA 300.0 07/06/10  18:16 MEJ0.2  
1,600Total Dissolved Solids mg/l SM 2540C 07/07/10  13:30 MJV10 07/02/10  12:00
0.41Total Kjeldahl Nitrogen mg/l N EPA 351.2 07/06/10  09:30 MEJ0.05 07/02/10  08:25
113Total Suspended Solids mg/l SM 2540D 07/06/10  15:00 MJV1 07/02/10  09:30

Francis I. Daniels, Laboratory Director
Leslie C. Boardman, Q. A. Manager

FDOH Laboratory No. E84129
NELAP Accredited

Page 3 of 17



Hazen and Sawyer, PC
10002 Princess Palm Avenue
Suite 200
Tampa, FL  33619-

July 8, 2010
Project No:  102787

Southern Analytical Laboratories, inc.
110 BAYVIEW BOULEVARD, OLDSMAR, FL  34677        813-855-1844  fax 813-855-2218

 Laboratory Report 
Project Name PNRS II Wastewater System Analyses

Parameters ResultsUnits Method Date/Time 
Analyzed

AnalystDetection 
Limit

Date/Time
 Prep

102787.07
Date/Time Collected 07/01/10

Sample Description GC-IS2

SAL Sample Number
14:35

Date/Time Received 07/01/10 16:00

Matrix Wastewater

Inorganics

210Total Alkalinity as CaCO3 mg/l SM 2320B 07/02/10  15:00 KTC2  
0.11Ammonia Nitrogen mg/l N EPA 350.1 07/02/10  09:00 SMB0.01  

13Carbonaceous BOD mg/l SM 5210 B 07/07/10  13:30 KTC2 07/02/10  09:30
0.01Hydrogen Sulfide (Unionized) mg/l SM 4500S F 07/05/10  10:15 KTCU 0.01  
0.1Sulfide mg/l SM 4500S F 07/05/10  10:15 KTCU 0.1  

0.01Nitrate-Nitrite (as N) mg/l EPA 353.2 07/02/10  13:46 SMBU 0.01  
1,800Sulfate mg/l EPA 300.0 07/06/10  18:33 MEJ0.2  
3,000Total Dissolved Solids mg/l SM 2540C 07/07/10  13:30 MJV10 07/02/10  12:00
0.62Total Kjeldahl Nitrogen mg/l N EPA 351.2 07/06/10  09:30 MEJ0.05 07/02/10  08:25
108Total Suspended Solids mg/l SM 2540D 07/06/10  15:00 MJV1 07/02/10  09:30

102787.08
Date/Time Collected 07/01/10

Sample Description GC-EC1

SAL Sample Number
13:45

Date/Time Received 07/01/10 16:00

Matrix Wastewater

Inorganics

110Total Alkalinity as CaCO3 mg/l SM 2320B 07/02/10  15:00 KTC2  
0.01Ammonia Nitrogen mg/l N EPA 350.1 07/02/10  09:00 SMBU 0.01  

2Carbonaceous BOD mg/l SM 5210 B 07/07/10  13:30 KTCU 2 07/02/10  09:30
0.06Hydrogen Sulfide (Unionized) mg/l SM 4500S F 07/05/10  10:15 KTC0.01  
0.17Sulfide mg/l SM 4500S F 07/05/10  10:15 KTCI 0.1  

19Nitrate-Nitrite (as N) mg/l EPA 353.2 07/02/10  13:46 SMB0.01  
46Sulfate mg/l EPA 300.0 07/02/10  19:10 MEJ0.2  

350Total Dissolved Solids mg/l SM 2540C 07/07/10  13:30 MJV10 07/02/10  12:00
2.2Total Kjeldahl Nitrogen mg/l N EPA 351.2 07/06/10  09:30 MEJ0.05 07/02/10  08:25

1Total Suspended Solids mg/l SM 2540D 07/06/10  15:00 MJVU 1 07/02/10  09:30

Francis I. Daniels, Laboratory Director
Leslie C. Boardman, Q. A. Manager

FDOH Laboratory No. E84129
NELAP Accredited
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Hazen and Sawyer, PC
10002 Princess Palm Avenue
Suite 200
Tampa, FL  33619-

July 8, 2010
Project No:  102787

Southern Analytical Laboratories, inc.
110 BAYVIEW BOULEVARD, OLDSMAR, FL  34677        813-855-1844  fax 813-855-2218

 Laboratory Report 
Project Name PNRS II Wastewater System Analyses

Parameters ResultsUnits Method Date/Time 
Analyzed

AnalystDetection 
Limit

Date/Time
 Prep

102787.09
Date/Time Collected 07/01/10

Sample Description GC-SA2

SAL Sample Number
12:25

Date/Time Received 07/01/10 16:00

Matrix Wastewater

Inorganics

110Total Alkalinity as CaCO3 mg/l SM 2320B 07/02/10  15:00 KTC2  
0.01Ammonia Nitrogen mg/l N EPA 350.1 07/02/10  09:00 SMBU 0.01  

2Carbonaceous BOD mg/l SM 5210 B 07/07/10  13:30 KTCU 2 07/02/10  09:30
17Nitrate-Nitrite (as N) mg/l EPA 353.2 07/02/10  13:46 SMB0.01  

330Total Dissolved Solids mg/l SM 2540C 07/07/10  13:30 MJV10 07/02/10  12:00
2.2Total Kjeldahl Nitrogen mg/l N EPA 351.2 07/06/10  09:30 MEJ0.05 07/02/10  08:25

1Total Suspended Solids mg/l SM 2540D 07/06/10  15:00 MJVU 1 07/02/10  09:30

102787.10
Date/Time Collected 07/01/10

Sample Description GC-EC3

SAL Sample Number
13:40

Date/Time Received 07/01/10 16:00

Matrix Wastewater

Inorganics

84Total Alkalinity as CaCO3 mg/l SM 2320B 07/02/10  15:00 KTC2  
0.01Ammonia Nitrogen mg/l N EPA 350.1 07/02/10  09:00 SMBU 0.01  

2Carbonaceous BOD mg/l SM 5210 B 07/07/10  13:30 KTCU 2 07/02/10  09:30
19Nitrate-Nitrite (as N) mg/l EPA 353.2 07/02/10  13:46 SMB0.01  

410Total Dissolved Solids mg/l SM 2540C 07/07/10  13:30 MJV10 07/02/10  12:00
2.2Total Kjeldahl Nitrogen mg/l N EPA 351.2 07/06/10  09:30 MEJ0.05 07/02/10  08:25

2Total Suspended Solids mg/l SM 2540D 07/06/10  15:00 MJV1 07/02/10  09:30

Francis I. Daniels, Laboratory Director
Leslie C. Boardman, Q. A. Manager

FDOH Laboratory No. E84129
NELAP Accredited
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Hazen and Sawyer, PC
10002 Princess Palm Avenue
Suite 200
Tampa, FL  33619-

July 8, 2010
Project No:  102787

Southern Analytical Laboratories, inc.
110 BAYVIEW BOULEVARD, OLDSMAR, FL  34677        813-855-1844  fax 813-855-2218

 Laboratory Report 
Project Name PNRS II Wastewater System Analyses

Parameters ResultsUnits Method Date/Time 
Analyzed

AnalystDetection 
Limit

Date/Time
 Prep

102787.11
Date/Time Collected 07/01/10

Sample Description GC-EC4

SAL Sample Number
11:50

Date/Time Received 07/01/10 16:00

Matrix Wastewater

Inorganics

160Total Alkalinity as CaCO3 mg/l SM 2320B 07/02/10  15:00 KTC2  
0.01Ammonia Nitrogen mg/l N EPA 350.1 07/02/10  09:00 SMBU 0.01  

2Carbonaceous BOD mg/l SM 5210 B 07/07/10  13:30 KTCU 2 07/02/10  10:30
17Nitrate-Nitrite (as N) mg/l EPA 353.2 07/02/10  13:46 SMB0.01  

350Total Dissolved Solids mg/l SM 2540C 07/07/10  13:30 MJV10 07/02/10  12:00
1.9Total Kjeldahl Nitrogen mg/l N EPA 351.2 07/06/10  09:30 MEJ0.05 07/02/10  08:25

1Total Suspended Solids mg/l SM 2540D 07/06/10  15:00 MJVU 1 07/02/10  09:30

102787.12
Date/Time Collected 07/01/10

Sample Description GC-CL1

SAL Sample Number
13:30

Date/Time Received 07/01/10 16:00

Matrix Wastewater

Inorganics

230Total Alkalinity as CaCO3 mg/l SM 2320B 07/02/10  15:00 KTC2  
0.01Ammonia Nitrogen mg/l N EPA 350.1 07/02/10  09:00 SMBU 0.01  

2Carbonaceous BOD mg/l SM 5210 B 07/07/10  13:30 KTCU 2 07/02/10  10:30
0.01Hydrogen Sulfide (Unionized) mg/l SM 4500S F 07/05/10  10:15 KTCU 0.01  
0.1Sulfide mg/l SM 4500S F 07/05/10  10:15 KTCU 0.1  
18Nitrate-Nitrite (as N) mg/l EPA 353.2 07/02/10  13:46 SMB0.01  
37Sulfate mg/l EPA 300.0 07/02/10  19:27 MEJ0.2  

470Total Dissolved Solids mg/l SM 2540C 07/07/10  13:30 MJV10 07/02/10  12:00
2.7Total Kjeldahl Nitrogen mg/l N EPA 351.2 07/06/10  09:30 MEJ0.05 07/02/10  08:25

7Total Suspended Solids mg/l SM 2540D 07/06/10  15:00 MJV1 07/02/10  09:30

Francis I. Daniels, Laboratory Director
Leslie C. Boardman, Q. A. Manager

FDOH Laboratory No. E84129
NELAP Accredited
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Hazen and Sawyer, PC
10002 Princess Palm Avenue
Suite 200
Tampa, FL  33619-

July 8, 2010
Project No:  102787

Southern Analytical Laboratories, inc.
110 BAYVIEW BOULEVARD, OLDSMAR, FL  34677        813-855-1844  fax 813-855-2218

 Laboratory Report 
Project Name PNRS II Wastewater System Analyses

Parameters ResultsUnits Method Date/Time 
Analyzed

AnalystDetection 
Limit

Date/Time
 Prep

102787.13
Date/Time Collected 07/01/10

Sample Description GC-CL2

SAL Sample Number
11:20

Date/Time Received 07/01/10 16:00

Matrix Wastewater

Inorganics

200Total Alkalinity as CaCO3 mg/l SM 2320B 07/02/10  15:00 KTC2  
0.01Ammonia Nitrogen mg/l N EPA 350.1 07/02/10  09:00 SMBU 0.01  

2Carbonaceous BOD mg/l SM 5210 B 07/07/10  13:30 KTCU 2 07/02/10  10:30
15Nitrate-Nitrite (as N) mg/l EPA 353.2 07/02/10  13:46 SMB0.01  

440Total Dissolved Solids mg/l SM 2540C 07/07/10  13:30 MJV10 07/02/10  12:00
2.1Total Kjeldahl Nitrogen mg/l N EPA 351.2 07/06/10  09:30 MEJ0.05 07/02/10  08:25

3Total Suspended Solids mg/l SM 2540D 07/06/10  15:00 MJV1 07/02/10  09:30

102787.14
Date/Time Collected 07/01/10

Sample Description GC-CL3

SAL Sample Number
13:20

Date/Time Received 07/01/10 16:00

Matrix Wastewater

Inorganics

270Total Alkalinity as CaCO3 mg/l SM 2320B 07/02/10  15:00 KTC2  
0.01Ammonia Nitrogen mg/l N EPA 350.1 07/02/10  09:00 SMBU 0.01  

2Carbonaceous BOD mg/l SM 5210 B 07/07/10  13:30 KTCU 2 07/02/10  10:30
20Nitrate-Nitrite (as N) mg/l EPA 353.2 07/02/10  13:46 SMB0.01  

550Total Dissolved Solids mg/l SM 2540C 07/07/10  13:30 MJV10 07/02/10  12:00
2.8Total Kjeldahl Nitrogen mg/l N EPA 351.2 07/06/10  09:30 MEJ0.05 07/02/10  08:25

1Total Suspended Solids mg/l SM 2540D 07/06/10  15:00 MJV1 07/02/10  09:30

Francis I. Daniels, Laboratory Director
Leslie C. Boardman, Q. A. Manager

FDOH Laboratory No. E84129
NELAP Accredited
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Hazen and Sawyer, PC
10002 Princess Palm Avenue
Suite 200
Tampa, FL  33619-

July 8, 2010
Project No:  102787

Southern Analytical Laboratories, inc.
110 BAYVIEW BOULEVARD, OLDSMAR, FL  34677        813-855-1844  fax 813-855-2218

 Laboratory Report 
Project Name PNRS II Wastewater System Analyses

Parameters ResultsUnits Method Date/Time 
Analyzed

AnalystDetection 
Limit

Date/Time
 Prep

102787.15
Date/Time Collected 07/01/10

Sample Description GC-CL4

SAL Sample Number
11:15

Date/Time Received 07/01/10 16:00

Matrix Wastewater

Inorganics

220Total Alkalinity as CaCO3 mg/l SM 2320B 07/02/10  15:00 KTC2  
0.021Ammonia Nitrogen mg/l N EPA 350.1 07/02/10  09:00 SMBI 0.01  

2Carbonaceous BOD mg/l SM 5210 B 07/07/10  13:30 KTCU 2 07/02/10  10:30
7.9Nitrate-Nitrite (as N) mg/l EPA 353.2 07/02/10  13:46 SMB0.01  
480Total Dissolved Solids mg/l SM 2540C 07/07/10  13:30 MJV10 07/02/10  12:00
2.4Total Kjeldahl Nitrogen mg/l N EPA 351.2 07/06/10  09:30 MEJ0.05 07/02/10  08:25

8Total Suspended Solids mg/l SM 2540D 07/06/10  15:15 MJV1 07/02/10  10:30

102787.16
Date/Time Collected 07/01/10

Sample Description GC-PS1

SAL Sample Number
13:15

Date/Time Received 07/01/10 16:00

Matrix Wastewater

Inorganics

160Total Alkalinity as CaCO3 mg/l SM 2320B 07/02/10  15:00 KTC2  
6.4Ammonia Nitrogen mg/l N EPA 350.1 07/02/10  09:00 SMB0.01  
3.0Carbonaceous BOD mg/l SM 5210 B 07/07/10  13:30 KTC2 07/02/10  10:30
9.3Nitrate-Nitrite (as N) mg/l EPA 353.2 07/02/10  13:46 SMB0.01  
270Total Dissolved Solids mg/l SM 2540C 07/07/10  13:30 MJV10 07/02/10  12:00
16Total Kjeldahl Nitrogen mg/l N EPA 351.2 07/06/10  09:30 MEJ0.05 07/02/10  08:25

4Total Suspended Solids mg/l SM 2540D 07/06/10  15:15 MJV1 07/02/10  10:30

Francis I. Daniels, Laboratory Director
Leslie C. Boardman, Q. A. Manager

FDOH Laboratory No. E84129
NELAP Accredited
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Hazen and Sawyer, PC
10002 Princess Palm Avenue
Suite 200
Tampa, FL  33619-

July 8, 2010
Project No:  102787

Southern Analytical Laboratories, inc.
110 BAYVIEW BOULEVARD, OLDSMAR, FL  34677        813-855-1844  fax 813-855-2218

 Laboratory Report 
Project Name PNRS II Wastewater System Analyses

Parameters ResultsUnits Method Date/Time 
Analyzed

AnalystDetection 
Limit

Date/Time
 Prep

102787.17
Date/Time Collected 07/01/10

Sample Description GC-SU1

SAL Sample Number
14:20

Date/Time Received 07/01/10 16:00

Matrix Wastewater

Inorganics

200Total Alkalinity as CaCO3 mg/l SM 2320B 07/02/10  15:00 KTC2  
1.5Ammonia Nitrogen mg/l N EPA 350.1 07/02/10  09:00 SMB0.01  
26Carbonaceous BOD mg/l SM 5210 B 07/07/10  13:30 KTC2 07/02/10  10:30
11Hydrogen Sulfide (Unionized) mg/l SM 4500S F 07/05/10  10:15 KTC0.01  
29Sulfide mg/l SM 4500S F 07/05/10  10:15 KTC0.1  

0.01Nitrate-Nitrite (as N) mg/l EPA 353.2 07/02/10  13:46 SMBU 0.01  
230Sulfate mg/l EPA 300.0 07/02/10  19:44 MEJ0.2  
660Total Dissolved Solids mg/l SM 2540C 07/07/10  13:00 MJV10 07/02/10  12:00
2.4Total Kjeldahl Nitrogen mg/l N EPA 351.2 07/06/10  09:30 MEJ0.05 07/02/10  08:25

1Total Suspended Solids mg/l SM 2540D 07/06/10  15:15 MJVU 1 07/02/10  10:30

102787.18
Date/Time Collected 07/01/10

Sample Description GC-SU2

SAL Sample Number
14:25

Date/Time Received 07/01/10 16:00

Matrix Wastewater

Inorganics

260Total Alkalinity as CaCO3 mg/l SM 2320B 07/02/10  15:00 KTC2  
0.01Ammonia Nitrogen mg/l N EPA 350.1 07/02/10  09:00 SMBU 0.01  
4.9Carbonaceous BOD mg/l SM 5210 B 07/07/10  13:30 KTC2 07/02/10  10:30

0.01Hydrogen Sulfide (Unionized) mg/l SM 4500S F 07/08/10  13:30 KTCU 0.01  
0.1Sulfide mg/l SM 4500S F 07/08/10  13:30 KTCU 0.1  
5.2Nitrate-Nitrite (as N) mg/l EPA 353.2 07/02/10  13:46 SMB0.01  
140Sulfate mg/l EPA 300.0 07/02/10  20:01 MEJ0.2  
690Total Dissolved Solids mg/l SM 2540C 07/07/10  14:30 MJV10 07/02/10  12:00
1.2Total Kjeldahl Nitrogen mg/l N EPA 351.2 07/06/10  09:30 MEJ0.05 07/02/10  08:25

1Total Suspended Solids mg/l SM 2540D 07/06/10  15:15 MJVU 1 07/02/10  10:30

Francis I. Daniels, Laboratory Director
Leslie C. Boardman, Q. A. Manager

FDOH Laboratory No. E84129
NELAP Accredited
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Hazen and Sawyer, PC
10002 Princess Palm Avenue
Suite 200
Tampa, FL  33619-

July 8, 2010
Project No:  102787

Southern Analytical Laboratories, inc.
110 BAYVIEW BOULEVARD, OLDSMAR, FL  34677        813-855-1844  fax 813-855-2218

 Laboratory Report 
Project Name PNRS II Wastewater System Analyses

Parameters ResultsUnits Method Date/Time 
Analyzed

AnalystDetection 
Limit

Date/Time
 Prep

102787.19
Date/Time Collected 07/01/10

Sample Description GC-SU3

SAL Sample Number
10:10

Date/Time Received 07/01/10 16:00

Matrix Wastewater

Inorganics

170Total Alkalinity as CaCO3 mg/l SM 2320B 07/05/10  13:30 KTC2  
0.46Ammonia Nitrogen mg/l N EPA 350.1 07/02/10  09:00 SMB0.01  

13Carbonaceous BOD mg/l SM 5210 B 07/07/10  13:30 KTC2 07/02/10  12:30
1.8Hydrogen Sulfide (Unionized) mg/l SM 4500S F 07/05/10  10:15 KTC0.01  
4.7Sulfide mg/l SM 4500S F 07/05/10  10:15 KTC0.1  

0.01Nitrate-Nitrite (as N) mg/l EPA 353.2 07/02/10  13:46 SMBU 0.01  
340Sulfate mg/l EPA 300.0 07/02/10  20:18 MEJ0.2  
710Total Dissolved Solids mg/l SM 2540C 07/07/10  14:30 MJV10 07/02/10  12:00
2.7Total Kjeldahl Nitrogen mg/l N EPA 351.2 07/06/10  09:30 MEJ0.05 07/02/10  08:25
16Total Suspended Solids mg/l SM 2540D 07/06/10  15:15 MJV1 07/02/10  10:30

102787.20
Date/Time Collected 07/01/10

Sample Description GC-SU4

SAL Sample Number
10:40

Date/Time Received 07/01/10 16:00

Matrix Wastewater

Inorganics

140Total Alkalinity as CaCO3 mg/l SM 2320B 07/05/10  13:30 KTC2  
0.10Ammonia Nitrogen mg/l N EPA 350.1 07/02/10  09:00 SMB0.01  
3.9Carbonaceous BOD mg/l SM 5210 B 07/07/10  13:30 KTC2 07/02/10  12:30
0.6Hydrogen Sulfide (Unionized) mg/l SM 4500S F 07/05/10  10:15 KTC0.01  
1.8Sulfide mg/l SM 4500S F 07/05/10  10:15 KTC0.1  

0.01Nitrate-Nitrite (as N) mg/l EPA 353.2 07/02/10  13:46 SMBU 0.01  
260Sulfate mg/l EPA 300.0 07/02/10  20:35 MEJ0.2  
560Total Dissolved Solids mg/l SM 2540C 07/07/10  14:30 MJV10 07/02/10  12:00

0.77Total Kjeldahl Nitrogen mg/l N EPA 351.2 07/06/10  09:30 MEJ0.05 07/02/10  08:25
1Total Suspended Solids mg/l SM 2540D 07/06/10  15:15 MJVU 1 07/02/10  10:30

Francis I. Daniels, Laboratory Director
Leslie C. Boardman, Q. A. Manager

FDOH Laboratory No. E84129
NELAP Accredited
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Hazen and Sawyer, PC
10002 Princess Palm Avenue
Suite 200
Tampa, FL  33619-

July 8, 2010
Project No:  102787

Southern Analytical Laboratories, inc.
110 BAYVIEW BOULEVARD, OLDSMAR, FL  34677        813-855-1844  fax 813-855-2218

 Laboratory Report 
Project Name PNRS II Wastewater System Analyses

Parameters ResultsUnits Method Date/Time 
Analyzed

AnalystDetection 
Limit

Date/Time
 Prep

102787.21
Date/Time Collected 07/01/10

Sample Description GC-LS1

SAL Sample Number
13:05

Date/Time Received 07/01/10 16:00

Matrix Wastewater

Inorganics

250Total Alkalinity as CaCO3 mg/l SM 2320B 07/05/10  13:30 KTC2  
0.76Ammonia Nitrogen mg/l N EPA 350.1 07/02/10  09:00 SMB0.01  

56Carbonaceous BOD mg/l SM 5210 B 07/07/10  13:30 KTC2 07/02/10  12:30
0.039Nitrate-Nitrite (as N) mg/l EPA 353.2 07/02/10  13:46 SMBI 0.01  

370Total Dissolved Solids mg/l SM 2540C 07/07/10  14:30 MJV10 07/02/10  12:00
1.5Total Kjeldahl Nitrogen mg/l N EPA 351.2 07/06/10  09:30 MEJ0.05 07/02/10  08:25

1Total Suspended Solids mg/l SM 2540D 07/06/10  15:15 MJVU 1 07/02/10  10:30

102787.22
Date/Time Collected 07/01/10

Sample Description GC-LS2

SAL Sample Number
10:00

Date/Time Received 07/01/10 16:00

Matrix Wastewater

Inorganics

370Total Alkalinity as CaCO3 mg/l SM 2320B 07/05/10  13:30 KTC2  
0.23Ammonia Nitrogen mg/l N EPA 350.1 07/02/10  09:00 SMB0.01  
5.5Carbonaceous BOD mg/l SM 5210 B 07/07/10  13:30 KTC2 07/02/10  12:30
1.4Nitrate-Nitrite (as N) mg/l EPA 353.2 07/02/10  13:46 SMB0.01  
510Total Dissolved Solids mg/l SM 2540C 07/07/10  14:30 MJV10 07/02/10  12:00
1.4Total Kjeldahl Nitrogen mg/l N EPA 351.2 07/06/10  09:30 MEJ0.05 07/02/10  08:25

9Total Suspended Solids mg/l SM 2540D 07/06/10  15:15 MJV1 07/02/10  10:30

Francis I. Daniels, Laboratory Director
Leslie C. Boardman, Q. A. Manager

FDOH Laboratory No. E84129
NELAP Accredited
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Hazen and Sawyer, PC
10002 Princess Palm Avenue
Suite 200
Tampa, FL  33619-

July 8, 2010
Project No:  102787

Southern Analytical Laboratories, inc.
110 BAYVIEW BOULEVARD, OLDSMAR, FL  34677        813-855-1844  fax 813-855-2218

 Laboratory Report 
Project Name PNRS II Wastewater System Analyses

Parameters ResultsUnits Method Date/Time 
Analyzed

AnalystDetection 
Limit

Date/Time
 Prep

102787.23
Date/Time Collected 07/01/10

Sample Description GC-LS3

SAL Sample Number
10:30

Date/Time Received 07/01/10 16:00

Matrix Wastewater

Inorganics

200Total Alkalinity as CaCO3 mg/l SM 2320B 07/05/10  13:30 KTC2  
0.95Ammonia Nitrogen mg/l N EPA 350.1 07/02/10  09:00 SMB0.01  

12Carbonaceous BOD mg/l SM 5210 B 07/07/10  13:30 KTC2 07/02/10  12:30
0.01Nitrate-Nitrite (as N) mg/l EPA 353.2 07/02/10  13:46 SMBU 0.01  
370Total Dissolved Solids mg/l SM 2540C 07/07/10  14:30 MJV10 07/02/10  12:00
2.0Total Kjeldahl Nitrogen mg/l N EPA 351.2 07/06/10  09:30 MEJ0.05 07/02/10  08:25

2Total Suspended Solids mg/l SM 2540D 07/06/10  15:15 MJV1 07/02/10  10:30

102787.24
Date/Time Collected 07/01/10

Sample Description GC-LS4

SAL Sample Number
09:45

Date/Time Received 07/01/10 16:00

Matrix Wastewater

Inorganics

180Total Alkalinity as CaCO3 mg/l SM 2320B 07/05/10  13:30 KTC2  
5.8Ammonia Nitrogen mg/l N EPA 350.1 07/02/10  09:00 SMB0.01  
9.1Carbonaceous BOD mg/l SM 5210 B 07/07/10  13:30 KTC2 07/02/10  12:30

0.01Nitrate-Nitrite (as N) mg/l EPA 353.2 07/02/10  13:46 SMBU 0.01  
270Total Dissolved Solids mg/l SM 2540C 07/07/10  14:30 MJV10 07/02/10  12:00
14Total Kjeldahl Nitrogen mg/l N EPA 351.2 07/06/10  09:30 MEJ0.05 07/02/10  08:25

1Total Suspended Solids mg/l SM 2540D 07/06/10  15:15 MJV1 07/02/10  10:30

Francis I. Daniels, Laboratory Director
Leslie C. Boardman, Q. A. Manager

FDOH Laboratory No. E84129
NELAP Accredited

Page 12 of 17



Hazen and Sawyer, PC
10002 Princess Palm Avenue
Suite 200
Tampa, FL  33619-

July 8, 2010
Project No:  102787

Southern Analytical Laboratories, inc.
110 BAYVIEW BOULEVARD, OLDSMAR, FL  34677        813-855-1844  fax 813-855-2218

 Laboratory Report 
Project Name PNRS II Wastewater System Analyses

Parameters ResultsUnits Method Date/Time 
Analyzed

AnalystDetection 
Limit

Date/Time
 Prep

102787.25
Date/Time Collected 07/01/10

Sample Description GC-GL1

SAL Sample Number
12:08

Date/Time Received 07/01/10 16:00

Matrix Wastewater

Inorganics

220Total Alkalinity as CaCO3 mg/l SM 2320B 07/05/10  13:30 KTC2  
0.96Ammonia Nitrogen mg/l N EPA 350.1 07/02/10  09:00 SMB0.01  

39Carbonaceous BOD mg/l SM 5210 B 07/07/10  13:30 KTC2 07/02/10  12:30
4.7Nitrate-Nitrite (as N) mg/l EPA 353.2 07/02/10  13:46 SMB0.01  
380Total Dissolved Solids mg/l SM 2540C 07/07/10  14:30 MJV10 07/02/10  12:00
1.9Total Kjeldahl Nitrogen mg/l N EPA 351.2 07/06/10  09:30 MEJ0.05 07/02/10  08:25

1Total Suspended Solids mg/l SM 2540D 07/06/10  15:15 MJVU 1 07/02/10  10:30

102787.26
Date/Time Collected 07/01/10

Sample Description GC-DFT

SAL Sample Number
12:15

Date/Time Received 07/01/10 16:00

Matrix Wastewater

Inorganics

160Total Alkalinity as CaCO3 mg/l SM 2320B 07/05/10  13:30 KTC2  
0.01Ammonia Nitrogen mg/l N EPA 350.1 07/02/10  09:00 SMBU 0.01  

2Carbonaceous BOD mg/l SM 5210 B 07/07/10  13:30 KTCU 2 07/02/10  12:30
0.01Hydrogen Sulfide (Unionized) mg/l SM 4500S F 07/05/10  10:15 KTCU 0.01  
0.1Sulfide mg/l SM 4500S F 07/05/10  10:15 KTCU 0.1  
18Nitrate-Nitrite (as N) mg/l EPA 353.2 07/02/10  13:46 SMB0.01  
46Sulfate mg/l EPA 300.0 07/02/10  20:52 MEJ0.2  

390Total Dissolved Solids mg/l SM 2540C 07/07/10  14:30 MJV10 07/02/10  12:00
3.2Total Kjeldahl Nitrogen mg/l N EPA 351.2 07/06/10  09:30 MEJ0.05 07/02/10  08:25

1Total Suspended Solids mg/l SM 2540D 07/06/10  15:15 MJVU 1 07/02/10  10:30

Francis I. Daniels, Laboratory Director
Leslie C. Boardman, Q. A. Manager

FDOH Laboratory No. E84129
NELAP Accredited
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Southern Analytical Laboratories, inc.
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 Laboratory Report 
Project Name PNRS II Wastewater System Analyses

Footnotes

# Questions regarding this report should be directed to Client Services at 813-855-1844.
* Test results presented in this report meet all the requirements of the NELAC standards. Test results within this report 

relate only to these samples.
** A statement of estimated uncertainty of test results is available upon request.
*** For methods marked with ***, all QC criteria have been met for this method which is equivalent to a SAL certified method.
I The reported value is between the laboratory method detection limit and the laboratory practical quantitation limit.
U Analyte was undetected. Indicated concentration is method detection limit.

Francis I. Daniels, Laboratory Director
Leslie C. Boardman, Q. A. Manager

FDOH Laboratory No. E84129
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PNRS II Test Facility 
Data Summary Report No. 2 

1.0 Background 
Task A of the Florida Onsite Sewage Nitrogen Reduction Strategies Study includes the 
evaluation of passive treatment systems to remove nitrogen from septic tank effluent. 
The Passive Nitrogen Removal Study II (PNRS II) is a follow-up to the previous experi-
mental evaluations of passive nitrogen removal technologies conducted in Passive Ni-
trogen Removal Study I. The objective of the PNRS II study is to extend and expand into 
field pilot testing the two-stage biofiltration process that was initiated in PNRS I.  A 
unique test facility was constructed for the purpose of this evaluation. The Task A.15 
PNRS II QAPP documents the objectives, experimental biofiltration systems, monitoring 
framework, sample frequency and duration, and analytical methods to be used at the 
PNRS II Test Facility.  

2.0 Purpose 
This data summary report documents data that was collected in the PNRS II monitoring 
and sampling event which was conducted August 31 - September 1, 2010.   The sample 
event report was submitted as Sample Event Report No. 2, August 2010, as deliverable 
under Task A.25.  The monitoring event consisted of an assessment and evaluation of 
PNRS II operation, measurement of flowrates for all systems, measurement of field pa-
rameters, collection of biofilter influent and effluent samples, and their analyses in a NE-
LAC certified laboratory. 

3.0 Materials and Methods 

3.1 Project Site 
The PNRS II Test Facility is located at the University of Florida Gulf Coast Research and 
Education Center (GCREC) in southeast Hillsborough County, Florida. The specially de-
signed facility enables the simultaneous operation and performance testing of numerous 
biofilter treatment trains in parallel using the same wastewater source.  The source of 
the influent wastewater is the septic tank effluent from the existing onsite wastewater 
system serving the GCREC.  Details of the design and construction of the PNRS II test 
facility were presented previously in Task A.17, A.18, A.19 and A.24 documents.   
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3.2 Monitoring and Sampling Locations and Identification 
A schematic of the PNRS II test facility is shown in Figure 1. Septic tank effluent (STE) 
from GCREC is pumped from PNRS II-STE-T1 into the PNRS II systems through three 
points of entry: Hydro-1, Hydro-2, and UNSAT-IS-1.  PNRS II biofilters are grouped into 
the four types of systems shown in Figure 1.  The nomenclature and reactor/sample 
identification used for the PNRS II test facility sampling events are listed in Table 1. The 
sample designations listed in Table 1 also largely correspond to the locations at which 
flow volumes are measured in each monitoring event. 
 

Table 1 
PNRS II Sample Identification 

Group (Figure 1) Sample Location Sample Identification 
 STE PNRS II Storage Tank 1 PNRS II-STE-T1 

I 

Stage 1 Single Pass Biofilters 

UNSAT-EC1 
UNSAT-EC3 
UNSAT-CL1 
UNSAT-CL3 
UNSAT-PS1 

Stage 2 Single Pass Upflow Biofilters 

DENIT-SU4 
DENIT-LS3 
DENIT-SU3 
DENIT-LS2 
DENIT-LS4 

II 

Recirculation Tanks 

RC1 
RC2 
RC3 
RC4 

Stage 1 Recirculating Biofilters 

UNSAT-SA2 
UNSAT-EC4 
UNSAT-CL2 
UNSAT-CL4 

III 

Denite Feed Collection Tank DFT 

Stage 2 Horizontal Biofilters 

UNSAT-SU1 
UNSAT-SU2 
UNSAT-LS1 
UNSAT-GL1 

IV In-Situ In-Tank Simulator Single Pass Biofilter UNSAT-IS1 
UNSAT-IS2 
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Figure 1 
PNRS II Test Facility System Schematic 
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3.3 Operational Monitoring 
Start-up of the PNRS II test facility start-up occurred on May 17th, 2010 and all systems 
have operated continually since that time.  The entire facility operation is checked at 
least once per week and a detailed log of operational observations and activities is main-
tained.  The programmable logic controller (PLC) which controls many of the dosing and 
pump controls also records pump run times and flow data from flow meters at the facility, 
and these data can provide useful insight on facility operations. 

3.4 Water Quality Sample Collection and Analyses  
Influent and effluent water quality samples from the PNRS II test systems for Sample 
Event 2 were collected August 31, 2010.    A sample of STE was collected from the feed 
line connecting STE Storage Tank 1 (PNRS II-STE-T1) to Hydrosplitter 1 which supplies 
STE to the single pass Stage 1 biofilters (Figure 1).  A manual dose event was initiated 
on the control panel until sufficient STE sample volume was collected in a clean sample 
container.  Stage 1, 2, and in-situ simulator biofilter and recirculation tank effluents were 
each sampled by directing the entire flow from the biofilter into a large, clean sample 
container over a period of time sufficient to obtain the desired sample volume (approx-
imately 3.5 liters).  Sample containers were immediately placed in coolers on ice prior to 
subdivision of the composited sample. 
 
The composite samples in the 3.5 liter sample containers were then subdivided into 
analysis-specific sample containers.  The analysis-specific containers were supplied by 
the analytical laboratory and contained the appropriate preservatives.  The analysis-
specific containers were labeled, placed in coolers and transported on ice to the analyti-
cal laboratory. Each sample container was secured in packing material as appropriate to 
prevent damage and spills, and was recorded on chain-of-custody forms supplied by the 
laboratory. 
 
Equipment blank, field blank, and field sample duplicates were taken.  The equipment 
blank was collected using a previously cleaned STE sample collection bottle.  The bottle 
was filled with distilled water provided by the laboratory and allowed to sit for eight mi-
nutes. The sample containers were then analyzed for the same parameters as the sam-
ples. The field blank was collected by filling sample containers with distilled water that 
had been transported from the laboratory into the field along with other sample contain-
ers.  The four field sample duplicate sample containers were collected with the regular 
samples.  The total alkalinity, CBOD5, TSS and TDS duplicate sample container was 
filled with DENIT-LS4 effluent. The nutrient duplicate sample container was filled with 
UNSAT-CL4 effluent.  The first fecal duplicate sample container was filled with UNSAT-
EC1 effluent, and the second was filled with UNSAT-CL1 effluent.  The sulfate and H2S 
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duplicate sample containers were not filled because there was not enough effluent vo-
lume available at the time that a duplicate could have been taken. 
 
Field parameters were measured using portable electronic probes with probe tips placed 
in flow through samplers located directly in the outlet pipe at each sample location.  Field 
parameter measurements were made immediately following collection of liquid samples. 
Field parameters included pH, specific conductance, temperature (Temp), dissolved 
oxygen (DO), and oxidation-reduction potential (ORP). Table 2 lists the analytical para-
meters, analytical methods, and detection limits for the laboratory wet chemistry analys-
es.  Influent and effluent samples were analyzed for: total alkalinity, total Kjeldahl nitro-
gen (TKN-N), ammonia nitrogen (NH3-N), nitrate/nitrite nitrogen (NOX-N), carbonaceous 
biochemical oxygen demand (CBOD5), total dissolved solids (TDS), total suspended sol-
ids (TSS), chemical oxygen demand (COD), total phosphorus (TP), and fecal coliform 
(fecal).  For the denitrification biofilters with elemental sulfur media, influent and effluent 
sample analyses were also conducted for sulfate (SO4) and hydrogen sulfide (H2S).  Ta-
ble 2 lists the analytical parameters, analytical methods, and detection limits for these 
analyses. 
 

Table 2 
Analytical Parameters, Method of Analysis, and Detection Limits 

Analytical Parameter Method of Analysis Laboratory Detection Limit 
(mg/L) 

Total Alkalinity as CaCO3 SM 2320B 2 mg/L 
Total Kjeldahl Nitrogen (TKN-N) EPA351.2 0.05 mg/L 
Ammonia Nitrogen (NH3-N) EPA350.1 0.01 mg/L 
Nitrate/Nitrite Nitrogen (NOX-N) EPA353.2 0.01 mg/L 
Carbonaceous BOD (CBOD5) SM 5210B 2 mg/L 
Total Dissolved Solids (TDS) SM 2540C 10 mg/L 
Total Suspended Solids (TSS) SM 2540D 1 mg/L 
Chemical Oxygen Demand (COD) EPA 410.4 10 mg/L 
Total Phosphorus (TP) SM 4500PE 0.01 mg/L 
Fecal Coliform (fecal) SM9222D 1 ct/100mL 
Sulfate (SO4) EPA300.0 0.2 mg/L 
Hydrogen Sulfide Unionized (H2S) SM4500S F 0.01 mg/L 
Sulfide SM4500S F 0.1 mg/L 

 

3.5 Flow Monitoring  
Flow rates for all PNRS II systems were calibrated at initial start-up.  The influent and 
effluent flow rates are then measured and recorded at each sampling event and adjusted 
as necessary to maintain flow rates consistent with the experimental design following the 
sampling event.  Flow volumes are measured just after sampling and field analyses and 
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represent the flow rates in effect during the water quality monitoring.  Flow rates are then 
adjusted as necessary to correspond to the target flow rates in the experimental design. 
For this Sampling Event, influent and effluent flow volumes were measured on Septem-
ber 1st and 10th and reported in the Sampling Event No. 2 Report. 

4.0 Results and Discussion  

4.1 Operational Monitoring  
Start up of the PNRS II test facility occurred on May 17, 2010.  The test systems have 
been operated continuously since the May 17th start up, with the exception of power out-
ages that occurred June 20th, June 28th, July 12th, July 16th and August 19th.   The power 
outages were of relatively short duration. For the most part, the pilot biofilters automati-
cally resumed operation when power was restored. The only exceptions were the two 
peristaltic pumps: Pump 5 which supplies the two In-Situ simulators and Pump 11 which 
supplies the four horizontal flow denitrification biofilters.  The peristaltic pumps displayed 
an error message, required manual restarting, and their off times were somewhat longer 
than the other system pumps.  The peristaltic pump settings were saved through the 
power outage, and the pumps resumed operation once the error code was acknowl-
edged. The peristaltic pumps have since been reprogrammed to start automatically in 
the event of temporary discontinuance of the power supply.  Appendix A provides the 
operation and maintenance log which includes actions taken since start-up. Appendix B 
provides summary tables of the PLC recorded data of daily runtimes and flows for the 
test facility between July 1st and August 31st (Day 45 through Day 106 since start-up) 
used to check general pump operation and performance.  
 
The recycle rates to the recirculating systems are monitored and recorded in the PLC as 
Pumps 5, 6, 7, and 8 flows.  The data shows that the recycle flows are very close to the 
initially set 44 gpd rate for these four systems, indicating that the desired recycle ratio of 
approximately 3:1 is being met.  
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4.2 Water Quality Analyses   
Water quality analytical results for Sample Event No. 2 are listed in Table 3.  A statistical 
summary of the water quality data collected to date for the PNRS II systems is presented 
in Table 4.  The following discussion summarizes these results.  The laboratory report 
containing the raw analytical data is included in Appendix D.   

Influent Water Quality  Water quality characteristics of STE collected in Sample Event 
2 were closer to typical STE composition than were previous STE samples from 
GCREC, but some parameters were atypical.  The earlier modification of redirecting the 
A/C condensate from the GCREC wastewater collection system appears to have alle-
viated the low measured STE strength that occurred from dilution. STE parameters that 
were lower than typical in Sample Event 2 were TSS, COD, and CBOD5.  TSS and COD 
were somewhat lower than for typical STE, while CBOD5 was atypically low. 

The measured STE total nitrogen (TN) concentration was 67 mg/L, which is within the 
expected range.  The performance of the various biofilter systems was compared by 
considering the changes through treatment of nitrogen species (TKN-N, NH3-N, and 
NOX-N), as well as supporting chemistry parameters. 

Group 1 Single Pass Biofilters  Effluent NH3-N levels were at or below 0.01 mg/L for 
four of the five Stage 1 single pass biofilters and DO were greater than 5.5 mg/L (Table 
3).  Organic N ranged from 2.8 to 4.3 mg/L in these same four systems. The ammonia 
and organic N concentrations in UNSAT-PS1 effluent were 46 mg/L and 7 mg/L, respec-
tively.  The limited nitrogen reduction in UNSAT-PS1 was likely due to non-equal STE 
distribution over the total area of the media surface. At the time of this sampling event, 
UNSAT-PS1 was being dosed using a splash plate which concentrated the applied STE 
in a central area of the total media surface.  Visual observations of UNSAT-PS1 sug-
gested that the percentage of filter surface area receiving STE was less than 10%. Un-
like expanded clay and clinoptilolite, the large particle size of the polystyrene media and 
its limited water retention characteristics may affect limited horizontal spreading through 
the media as the wastewater is transported downward.  NOx was significantly increased 
in all Stage 1 biofilter effluents corresponding to decreased in TKN, with UNSAT-PS-1 
having significantly lower effluent NOx corresponding to its higher NH3-N. 

Effluent NOX-N was less than 0.2 mg/L in the two Stage 2 single pass denitrification bio-
filters with sulfur media and one lignocellulosic media biofilter.  Two of the three lignocel-
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lulosic biofilters (DENIT-LS2, DENIT-LS3) exhibited incomplete denitrification, with efflu-
ent NOx-N of 29 and 31 mg/L. These two biofilters did not drive effluent DO and ORP to 
the low levels that are found in the successfully denitrifying biofilters in this study and in 
the previous PNRS 1. The influent to the DENIT-LS4 biofilter was effluent from the po-
lystyrene biofilter (UNSAT-PS1) which contained 46 mg/L NH3-N and 8.2 mg/L NOx-N. 
While successfully denitrifying the relatively low influent NOx-N, DENIT-LS4 effluent con-
tained 33 mg/L NH3-N. This again confirms that NH3-N can be readily transported 
through anoxic denitrification biofilters which at the same time achieve virtually complete 
NOx reduction.  This result reaffirms the importance of efficiently removing ammonia ni-
trogen prior to denitrification.  One unexplainable analytical result is the high TKN (67 
mg/L) in the effluent from DENIT-LS4, of which ammonia is only about one half.  The 
calculated organic N in DENIT-LS4 is higher than in the influent STE and is not ex-
pected.  Possible explanations included sample collection procedures and analytical er-
ror and are under investigation. 

Group 2 Stage 1 Recirculating Biofilters  NH3-N levels were at or below 0.01 mg/L for 
all five recirculating Stage 1 biofilters and effluent DO was 6.3 to 7.1 mg/L.  Effluent NOx-
N ranged from 36 to 43 mg/L and organic N from 2.2 to 3.3 mg/L.  The nitrification per-
formance of these biofilters was quite acceptable. TN reduction by the recirculating biofil-
ters averaged 36%. 
 
Group 3 Stage 2 Horizontal Biofilters  Effluent NOx-N was 0.076 mg/L and less in all 
four Stage 2 horizontal biofilters.  The low NOx-N were accompanied by depressed DO 
and ORP of -174 to –317 mV.  Thus, all four horizontal biofilters were highly effective in 
producing a highly reducing environment and achieving their NOx-N reduction goal.  The 
DENIT-GL1 effluent had a CBOD5 of 810 mg/L and COD of 1,100 mg/L.  This may be 
possibly attributed to overdosing of glycerol and glycerol dosing calculations and proce-
dures will be reevaluated.  DENIT-GL1 also has an unexpectedly high effluent TSS of 
100 mg/L.  Possible explanations are some type of non-steady event that washed out 
accumulated biomass from the biofilter during sample collection.  Sample collection pro-
cedures and analytical methods are also under consideration.  The high TKN (66 mg/L) 
in the effluent from DENIT-GL1 and the NH3-N level of 29 mg/L are unexpected.  Ac-
cording to these results, TN in the effluent of DENIT-GL1 is higher than in the influent.  
Possible explanations included sample collection procedures and analytical error; these 
are under investigation.   
 
Group 4 In-Situ Simulator Systems UNSAT-IS2 exhibited the lowest effluent Total Ni-
trogen of all of the PNRS II systems, with TN concentration less than 1 mg/L and NOx-N 
below detection levels.  For UNSAT-IS1, the effluent NOx-N was also below detection 
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level but effluent NH3-N was 20 mg/L.  This contrasts with Sample Event 1, in which 
UNSAT-IS1 achieved virtually complete nitrification.  The less complete nitrification in 
Sample Event 2 is likely related to the UNSAT-IS1 modification that increased the satu-
ration water depth to the top of the sulfur media and reduced the total depth of unsatu-
rated media.  In-situ simulator effluents SO4 were 300 and 470 mg/L in Sample Event 2, 
which are much lower than the Sample Event 1 levels and are due to saturation of the 
sulfur media to prevent oxygen ingress and its stimulation of sulfur oxidation.  Efforts are 
underway to investigate designs of vertically stacked media biofilters (in-situ simulators) 
that are most effective in reducing nitrogen while also limiting sulfate levels in the efflu-
ent. These are discussed in section 5.2.6. 
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Table 3 

Water Quality Analytical Results 

            

 
Group 

(Figure 1)
Sample ID Media Composition

Sample 
Date/Time

Sample 
Type

Temp 
(°C)

pH
Total 

Alkalinity 
(mg/L)

DO      
(mg/L)

ORP 
(mV)

Specific 
Conductance 

(µS)

TDS 
(mg/L)

TSS 
(mg/L)

CBOD5 

(mg/L)

COD 
(mg/L)

TN       

(mg/L N)1
TKN      

(mg/L N)

Organic N 

(mg/L N)2
NH3-N 

(mg/L N)

NOx 
(mg/L N)

TIN        

(mg/L N)3
TP      

(mg/L)
Sulfide 
(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

Fecal        
(Ct/100 mL)

STE Sample
PNRS II STE-Tank 1 8/31/10 13:35 G 27.9 7.2 370 0.0 -263.9 1,092 380 70 27 210 67.05 67 8.00 59 0.053 59.05 7.4 800
Stage 1 Single Pass Biofilters  Effluent
UNSAT-EC1 15" Expanded Clay 8/31/10 12:40 G 28.6 7.0 130 6.8 137.5 1,055 670 1 2 13 46.30 4.3 4.29 0.01 42 42.01 3.9 0.1 0.05 51 1
UNSAT-EC1-D 15" Expanded Clay 8/31/10 12:40 G 1
UNSAT-EC3 30" Expanded Clay 8/31/10 12:50 G 29.2 7.0 150 6.7 117.0 1,133 740 1 2 16 45.30 3.3 3.29 0.01 42 42.01 3.9 1
UNSAT-CL1 15" Clinoptilolite 8/31/10 12:30 G 29.5 7.4 250 5.5 116.2 1,271 750 1 2 20 40.80 2.8 2.79 0.01 38 38.01 8.0 0.3 0.08 48 12
UNSAT-CL1-D 15" Clinoptilolite 8/31/10 12:30 G 10
UNSAT-CL3 30" Clinoptilolite 8/31/10 12:00 G 28.7 7.8 340 7.1 83.8 1,388 850 1 2 20 40.00 4.0 3.99 0.01 36 36.01 6.8 3
UNSAT-PS1 30" Polystyrene 8/31/10 11:40 G 28.6 7.6 280 2.5 60.0 1,010 420 2 5.7 48 61.20 53 7.00 46 8.2 54.20 5.9 930

Stage 2 Single Pass  Upflow Biofilters Effluent
DENIT-SU4 80% Sulfur; 20% Sodium Sesqui. 8/31/10 10:25 G 28.1 6.6 150 0.2 -106.6 1,395 950 1 2 22 1.39 1.3 0.99 0.31 0.091 0.40 3.2 0.1 0.01 550 1
DENIT-LS3 50% Lignocellulosic; 50% Sand 8/31/10 10:15 G 27.8 7.3 220 1.3 -21.0 1,114 680 1 2 29 34.20 3.2 3.05 0.15 31 31.15 3.3 1
DENIT-SU3 80% Sulfur; 20% Oyster Shell 8/31/10 10:00 G 28.4 6.7 270 0.1 -279.6 1,655 1,100 1 2 39 2.04 2.0 1.20 0.80 0.039 0.84 6.2 7.0 4.5 550 1
DENIT-LS2 50% Lignocellulosic; 50% Expanded Clay 8/31/10 9:50 G 27.3 7.8 380 4.1 -11.5 1,448 850 1 2 24 32.10 3.1 2.80 0.30 29 29.30 5.7 1
DENIT-LS4 30% Lignocellulosic; 70% Expanded Clay 8/31/10 9:40 G 27.1 7.6 360 0.4 -43.7 1,120 430 1 2 35 67.17 67 34.00 33 0.17 33.17 6.9 12
DENIT-LS4-D 30% Lignocellulosic; 70% Expanded Clay 8/31/10 9:40 G 350 420 1 2
Recirculation Tanks Effluent
RC1 8/31/10 13:00 G 30.0 7.3 210 0.0 -128.3 1,011 550 1 6 22 53.00 17 4.00 13 36 49.00 5.8 114
RC2 8/31/10 13:10 G 30.2 7.3 180 0.1 -108.2 1,031 560 1 2 24 40.00 17 2.00 15 23 38.00 4.2 99
RC3 8/31/10 13:20 G 30.2 7.6 160 0.1 89.0 1,128 590 1 3.3 61 45.00 12 3.30 8.7 33 41.70 6.4 109
RC4 8/31/10 13:30 G 30.4 7.8 180 0.0 73.0 1,112 620 12 3.0 29 38.00 11 2.60 8.4 27 35.40 6.7 112
Stage 1 Recirculating Biofilters Effluent
UNSAT-CL4 30" Clinoptilolite 8/31/10 10:55 G 29.3 7.8 170 7.1 35.5 1,174 680 1 2 13 45.10 2.1 2.09 0.01 43 43.01 7.6 1
UNSAT-CL4-D 30" Clinoptilolite 8/31/10 10:55 G 18 45.20 2.2 2.19 0.01 43 43.01 7.4
UNSAT-CL2 15" Clinoptilolite 8/31/10 11:05 G 26.8 7.4 120 6.4 30.2 1,050 650 1 2 22 45.10 3.1 3.09 0.01 42 42.01 7.1 4
UNSAT-EC4 30" Expanded Clay 8/31/10 11:20 G 28.5 7.0 130 6.9 78.8 1,000 640 1 2 13 40.90 2.9 2.89 0.01 38 38.01 3.8 1
UNSAT-SA2 30" Sand 8/31/10 11:30 G 28.2 6.9 110 6.3 89.2 953 638 1 2 13 39.30 3.3 3.29 0.01 36 36.01 6.3 1
Denite Feed Tank (Tank 3)
DFT 8/31/10 14:30 G 28.1 7.6 130 7.4 25.5 1,020 660 1 2 18 42.80 2.8 2.79 0.01 40 40.01 6.5 0.1 0.01 52 1
Stage 2 Horizontal Biofilters Effluent
DENIT-SU1 80% Sulfur; 20% Oyster Shell 8/31/10 8:55 G 25.1 7.0 240 0.1 -317.2 1,473 1,000 1 24 63 2.74 2.7 0.30 2.4 0.04 2.44 5.0 25 12 450 3
DENIT-SU2 80% Sulfur; 20% Sodium Sesqui. 8/31/10 9:05 G 24.8 7.0 210 0.5 -279.0 1,402 930 2 20 50 1.83 1.8 0.88 0.92 0.025 0.95 4.8 14 6.7 470 1
DENIT-LS1 50% Lignocellulosic; 50% Expanded Clay 8/31/10 9:20 G 25.2 7.7 250 0.2 -199.7 962 530 1 3.9 44 1.81 1.8 1.10 0.70 0.01 0.71 0.46 1
DENIT-GL1 12" Gravel; 60" Expanded Clay 8/31/10 9:30 G 25.2 6.4 660 0.00 -174.9 1,686 1,200 100 810 1,100 66.08 66 37.00 29 0.076 29.08 2.9 800
In-situ Simulator Biofilters Effluent
UNSAT-IS1 (STE) 12" Sand; 12" Mix (45% EC, 35% Ligno, 20% Sulfur) 8/31/10 13:35 G 29.5 6.5 270 0.1 -42.5 1,206 780 3 8.4 57 20.09 20 0.00 20 0.086 20.09 1.2 0.9 0.7 300 1

UNSAT-IS2 (NO3) 12" Sand; 12" Mix (45% EC, 35% Ligno, 20% Sulfur) 9/1/10 10:20 G
29.0 6.29 200 0.09 -174.5 1,543 950 60 2 50 0.65 0.64 0.43 0.21 0.01 0.22 1.5 0.1 0.01 470 1

Field Blank Reagent Water 8/31/10 8:30 2 10 1 2 10 0.06 0.05 0.04 0.01 0.01 0.02 0.01 0.1 0.2
Equipment Blank Reagent Water 8/31/10 8:40 2 10 1 2 10 0.06 0.05 0.04 0.01 0.01 0.02 0.01 0.1 0.2

Purple-shaded data points indicate results based upon colony counts outside the method indicated ideal range.

Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.
Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.
Orange - shaded data points indicate too many colonies were present.  The numberic value represents the dilution factor times the maximum reportable number of colonies.

3Total Inorganic Nitrogen (TIN) is a calculated value equal to the sum of NH3 and NOX

EC: expanded clay, CL: clinoptilolite, PS: polystyrene, SU: elemental sulfur, LS: lignocellulosic, GL: glycerol, OS: oyster shell, NS: sodium sesquicarbonate, GR: gravel
D.O. - Dissolved oxygen
G - Grab sample

1

2

3

4

Notes:
1Total Nitrogen (TN) is a calculated value equal to the sum of TKN and NOX
2Organic Nitrogen (ON) is a calculated value equal to the difference of TKN and NH3



Table 4 
Statistical Summary of Water Quality Data 

 

           

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sample ID
Media 

Composition
Statistical 
Parameter

Temp 
(°C)

pH
Total 

Alkalinity 
(mg/L)

DO       
(mg/L)

ORP 
(mV)

Specific 
Conductance 

(µS)

TDS 
(mg/L)

TSS 
(mg/L)

CBOD5 

(mg/L)

COD 
(mg/L)

TN       

(mg/L N)1
TKN       

(mg/L N)

Organic N 

(mg/L N)2
NH3-N 

(mg/L N)
NOx 

(mg/L N)

TIN         

(mg/L N)3
TP          

(mg/L)
Sulfide 
(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

Fecal         
(Ct/100 mL)

n 5 5 5 2 1 5 5 5 5 3 5 5 5 5 5 5 3 2
MEAN 27.4 284.8 0.1 -263.9 885.0 349.4 28.0 60.0 233.7 45.0 45.0 6.7 38.3 0.0 38.4 7.0
STD. DEV. 0.9 78.6 0.1 204.4 65.1 23.8 36.4 20.4 20.4 5.7 20.4 0.0 20.4
MIN 26.0 6.4 210.0 0.0 -263.9 649.0 240.0 12.8 22.0 210.0 25.9 25.9 -0.7 20.0 0.0 20.0 6.6 80
MAX 28.3 7.3 370.0 0.1 -263.9 1108.0 400.0 70.0 100.0 270.0 67.1 67.0 15.0 62.0 0.1 62.1 7.4 800

n 2 2 2 2 1 2 2 2 2 1 2 2 2 2 2 2 1 2 2 2 1
MEAN 27.9 120.0 6.9 137.5 836.0 510.0 1.0 2.0 13.0 33.8 3.3 3.2 0.0 30.5 30.5 3.9 0.1 0.1 48.5
STD. DEV. 1.0 14.1 0.2 309.7 226.3 0.0 0.0 17.7 1.5 1.5 0.0 16.3 16.3 0.0 0.0 3.5
MIN 27.2 7.0 110.0 6.8 137.5 617.0 350.0 1.0 2.0 13.0 21.2 2.2 2.2 0.0 19.0 19.0 3.9 0.1 0.1 46.0 1.0
MAX 28.6 7.3 130.0 7.1 137.5 1055.0 670.0 1.0 2.0 13.0 46.3 4.3 4.3 0.0 42.0 42.0 3.9 0.2 0.1 51.0 1.0
n 2 2 2 2 1 2 2 2 2 1 2 2 2 2 2 2 1 1
MEAN 28.4 117.0 6.8 117.0 922.5 575.0 1.5 2.0 16.0 33.3 2.8 2.7 0.0 30.5 30.5 3.9
STD. DEV. 1.1 46.7 0.2 297.7 233.3 0.7 0.0 17.0 0.8 0.8 0.0 16.3 16.3
MIN 27.6 7.0 84.0 6.7 117.0 712.0 410.0 1.0 2.0 16.0 21.2 2.2 2.2 0.0 19.0 19.0 3.9 1.0
MAX 29.2 7.3 150.0 6.9 117.0 1133.0 740.0 2.0 2.0 16.0 45.3 3.3 3.3 0.0 42.0 42.0 3.9 1.0
n 2 2 2 2 1 2 2 2 2 1 2 2 2 2 2 2 1 2 2 2 2
MEAN 28.4 240.0 4.5 116.2 1064.0 610.0 4.0 2.0 20.0 30.8 2.8 2.7 0.0 28.0 28.0 8.0 0.2 0.0 42.5
STD. DEV. 1.6 14.1 1.4 292.7 198.0 4.2 0.0 14.2 0.1 0.1 0.0 14.1 14.1 0.1 0.0 7.8
MIN 27.2 7.4 230.0 3.5 116.2 857.0 470.0 1.0 2.0 20.0 20.7 2.7 2.7 0.0 18.0 18.0 8.0 0.1 0.0 37.0 10
MAX 29.5 8.3 250.0 5.5 116.2 1271.0 750.0 7.0 2.0 20.0 40.8 2.8 2.8 0.0 38.0 38.0 8.0 0.3 0.1 48.0 12
n 2 2 2 2 1 2 2 2 2 1 2 2 2 2 2 2 1 1
MEAN 27.7 305.0 7.0 83.8 1181.0 700.0 1.0 2.0 20.0 31.4 3.4 3.4 0.0 28.0 28.0 6.8
STD. DEV. 1.5 49.5 0.2 292.7 212.1 0.0 0.0 12.2 0.8 0.8 0.0 11.3 11.3
MIN 26.6 7.8 270.0 6.9 83.8 974.0 550.0 1.0 2.0 20.0 22.8 2.8 2.8 0.0 20.0 20.0 6.8 3.0
MAX 28.7 8.6 340.0 7.1 83.8 1388.0 850.0 1.0 2.0 20.0 40.0 4.0 4.0 0.0 36.0 36.0 6.8 3.0
n 2 2 2 2 1 2 2 2 2 1 2 2 2 2 2 2 1 1
MEAN 27.8 220.0 2.6 60.0 804.5 345.0 3.0 4.4 48.0 43.3 34.5 8.3 26.2 8.8 35.0 5.9
STD. DEV. 1.1 84.9 0.1 290.6 106.1 1.4 1.9 25.4 26.2 1.8 28.0 0.8 27.2
MIN 27.0 7.3 160.0 2.5 60.0 599.0 270.0 2.0 3.0 48.0 25.3 16.0 7.0 6.4 8.2 15.7 5.9 930
MAX 28.6 7.6 280.0 2.7 60.0 1010.0 420.0 4.0 5.7 48.0 61.2 53.0 9.6 46.0 9.3 54.2 5.9 930

n 2 2 2 2 1 2 2 2 2 1 2 2 2 2 2 2 1 2 2 2 1
MEAN 27.6 145.0 0.2 -106.6 1162.0 755.0 1.0 3.0 22.0 1.1 1.0 0.8 0.2 0.1 0.3 3.2 1.0 0.3 405.0
STD. DEV. - 7.1 0.1 329.5 275.8 0.0 1.3 0.4 0.4 0.2 0.1 0.1 0.2 1.2 0.4 205.1
MIN 27.1 6.6 140.0 0.1 -106.6 929.0 560.0 1.0 2.0 22.0 0.8 0.8 0.7 0.1 0.0 0.1 3.2 0.1 0.0 260.0 1.0
MAX 28.1 7.3 150.0 0.2 -106.6 1395.0 950.0 1.0 3.9 22.0 1.4 1.3 1.0 0.3 0.1 0.4 3.2 1.8 0.6 550.0 1.0
n 2 2 2 2 1 2 2 2 2 1 2 2 2 2 2 2 1 1
MEAN 28.0 210.0 0.7 -21.0 904.5 525.0 1.5 7.0 29.0 18.1 2.6 2.1 0.6 15.5 16.1 3.3
STD. DEV. 0.2 14.1 0.8 296.3 219.2 0.7 7.1 22.8 0.8 1.4 0.6 21.9 21.3
MIN 27.8 7.3 200.0 0.1 -21.0 695.0 370.0 1.0 2.0 29.0 2.0 2.0 1.1 0.2 0.0 1.0 3.3 1.0
MAX 28.1 7.7 220.0 1.3 -21.0 1114.0 680.0 2.0 12.0 29.0 34.2 3.2 3.1 1.0 31.0 31.2 3.3 1.0
n 2 2 2 2 1 2 2 2 2 1 2 2 2 2 2 2 1 2 2 2 1
MEAN 28.0 220.0 0.1 -279.6 1456.0 905.0 8.5 7.5 39.0 2.4 2.4 1.7 0.6 0.0 0.7 6.2 5.9 3.2 445.0
STD. DEV. - 70.7 0.0 281.4 275.8 10.6 7.8 0.5 0.5 0.7 0.2 0.0 0.3 1.6 1.9 148.5
MIN 27.6 6.7 170.0 0.1 -279.6 1257.0 710.0 1.0 2.0 39.0 2.0 2.0 1.2 0.5 0.0 0.5 6.2 4.7 1.8 340.0 1.0
MAX 28.4 7.2 270.0 0.1 -279.6 1655.0 1100.0 16.0 13.0 39.0 2.7 2.7 2.2 0.8 0.0 0.8 6.2 7.0 4.5 550.0 1.0
n 2 2 2 2 1 2 2 2 2 1 2 2 2 2 2 2 1 1
MEAN 27.3 375.0 2.1 -11.5 1223.0 680.0 5.0 3.8 24.0 17.5 2.3 2.0 0.3 15.2 15.5 5.7
STD. DEV. 0.1 7.1 2.8 318.2 240.4 5.7 2.5 20.7 1.2 1.2 0.0 19.5 19.6
MIN 27.2 7.8 370.0 0.1 -11.5 998.0 510.0 1.0 2.0 24.0 2.8 1.4 1.2 0.2 1.4 1.6 5.7 1.0
MAX 27.3 8.1 380.0 4.1 -11.5 1448.0 850.0 9.0 5.5 24.0 32.1 3.1 2.8 0.3 29.0 29.3 5.7 1.0
n 2 2 3 2 1 2 3 3 3 1 2 2 2 2 2 2 1 1
MEAN 27.6 296.7 0.4 -43.7 869.0 373.3 1.0 4.4 35.0 40.6 40.5 21.1 19.4 0.1 19.5 6.9
STD. DEV. 0.7 101.2 0.0 355.0 89.6 0.0 4.1 37.6 37.5 18.2 19.2 0.1 19.3
MIN 27.1 7.6 180.0 0.4 -43.7 618.0 270.0 1.0 2.0 35.0 14.0 14.0 8.2 5.8 0.0 5.8 6.9 12.0
MAX 28.1 7.6 360.0 0.5 -43.7 1120.0 430.0 1.0 9.1 35.0 67.2 67.0 34.0 33.0 0.2 33.2 6.9 12.0

DENIT-SU3
80% Sulfur; 20% 
Oyster Shell

DENIT-LS2
50% 
Lignocellulosic; 
50% Expanded Clay

DENIT-LS4
30% 
Lignocellulosic; 
70% Expanded Clay

30" Polystyrene

DENIT-SU4
80% Sulfur; 20% 
Sodium Sesqui.

DENIT-LS3
50% 
Lignocellulosic; 
50% Sand

STE Sample

Stage 1 Single Pass Biofilters  Effluent

Stage 2 Single Pass  Upflow Biofilters Effluent

STE-Tank 1

UNSAT-EC1 15" Expanded Clay

UNSAT-EC3 30" Expanded Clay

UNSAT-CL1 15" Clinoptilolite

UNSAT-CL3 30" Clinoptilolite

UNSAT-PS1
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Sample ID
Media 

Composition
Statistical 
Parameter

Temp 
(°C)

pH
Total 

Alkalinity 
(mg/L)

DO       
(mg/L)

ORP 
(mV)

Specific 
Conductance 

(µS)

TDS 
(mg/L)

TSS 
(mg/L)

CBOD5 

(mg/L)

COD 
(mg/L)

TN       

(mg/L N)1
TKN       

(mg/L N)

Organic N 

(mg/L N)2
NH3-N 

(mg/L N)
NOx 

(mg/L N)

TIN         

(mg/L N)3
TP          

(mg/L)
Sulfide 
(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

Fecal         
(Ct/100 mL)

n 2 2 2 1 1 2 2 2 2 1 2 2 2 2 2 2 1 1
MEAN 30.4 185.0 0.0 -128.3 824.0 440.0 3.0 4.4 22.0 40.0 16.0 6.7 9.4 24.0 33.4 5.8
STD. DEV. 0.6 35.4 264.5 155.6 2.8 2.3 18.4 1.4 3.7 5.2 17.0 22.1
MIN 30.0 7.3 160.0 0.0 -128.3 637.0 330.0 1.0 2.8 22.0 27.0 15.0 4.0 5.7 12.0 17.7 5.8 114.0
MAX 30.8 7.3 210.0 0.0 -128.3 1011.0 550.0 5.0 6.0 22.0 53.0 17.0 9.3 13.0 36.0 49.0 5.8 114.0
n 2 2 2 1 1 2 2 2 2 1 2 2 2 2 2 2 1 1
MEAN 30.4 160.0 0.1 -108.2 855.0 450.0 2.0 2.0 24.0 33.5 16.0 5.9 10.2 17.5 27.7 4.2
STD. DEV. 0.2 28.3 248.9 155.6 1.4 0.0 9.2 1.4 5.4 6.9 7.8 14.6
MIN 30.2 7.3 140.0 0.1 -108.2 679.0 340.0 1.0 2.0 24.0 27.0 15.0 2.0 5.3 12.0 17.3 4.2 99.0
MAX 30.5 7.3 180.0 0.1 -108.2 1031.0 560.0 3.0 2.0 24.0 40.0 17.0 9.7 15.0 23.0 38.0 4.2 99.0
n 2 2 2 1 1 2 2 2 2 1 2 2 2 2 2 2 1 1
MEAN 29.7 180.0 0.1 89.0 944.0 475.0 3.5 2.7 61.0 36.0 14.0 6.9 7.1 22.0 29.1 6.4
STD. DEV. 0.7 28.3 260.2 162.6 3.5 0.9 12.7 2.8 5.1 2.3 15.6 17.8
MIN 29.2 7.6 160.0 0.1 89.0 760.0 360.0 1.0 2.0 61.0 27.0 12.0 3.3 5.5 11.0 16.5 6.4 109.0
MAX 30.2 7.6 200.0 0.1 89.0 1128.0 590.0 6.0 3.3 61.0 45.0 16.0 10.5 8.7 33.0 41.7 6.4 109.0
n 2 2 2 1 1 2 2 2 2 1 2 2 2 2 2 2 1 1
MEAN 29.6 200.0 0.0 73.0 961.5 510.0 16.5 2.9 29.0 32.5 13.5 6.6 7.0 19.0 26.0 6.7
STD. DEV. 1.1 28.3 212.8 155.6 6.4 0.2 7.8 3.5 5.6 2.1 11.3 13.4
MIN 28.8 7.6 180.0 0.0 73.0 811.0 400.0 12.0 2.7 29.0 27.0 11.0 2.6 5.5 11.0 16.5 6.7 112.0
MAX 30.4 7.8 220.0 0.0 73.0 1112.0 620.0 21.0 3.0 29.0 38.0 16.0 10.5 8.4 27.0 35.4 6.7 112.0

n 2 2 2 2 1 2 2 2 2 1 2 2 2 2 2 2 1 1
MEAN 28.5 195.0 7.2 35.5 1017.0 580.0 4.5 2.0 13.0 27.7 2.3 2.2 0.0 25.5 25.5 7.6
STD. DEV. 1.2 35.4 0.1 222.0 141.4 4.9 0.0 24.6 0.2 0.2 0.0 24.8 24.8
MIN 27.6 6.7 170.0 7.1 35.5 860.0 480.0 1.0 2.0 13.0 10.3 2.1 2.1 0.0 7.9 7.9 7.6 1.0
MAX 29.3 7.8 220.0 7.3 35.5 1174.0 680.0 8.0 2.0 13.0 45.1 2.4 2.4 0.0 43.0 43.0 7.6 1.0
n 2 2 2 2 1 2 2 2 2 1 2 2 2 2 2 2 1 1
MEAN 27.0 160.0 6.5 30.2 915.5 545.0 2.0 2.0 22.0 31.1 2.6 2.6 0.0 28.5 28.5 7.1
STD. DEV. 0.2 56.6 0.2 190.2 148.5 1.4 0.0 19.8 0.7 0.7 0.0 19.1 19.1
MIN 26.8 7.4 120.0 6.4 30.2 781.0 440.0 1.0 2.0 22.0 17.1 2.1 2.1 0.0 15.0 15.0 7.1 4.0
MAX 27.1 7.9 200.0 6.7 30.2 1050.0 650.0 3.0 2.0 22.0 45.1 3.1 3.1 0.0 42.0 42.0 7.1 4.0
n 2 2 2 2 1 2 2 2 2 1 2 2 2 2 2 2 1 1
MEAN 28.0 145.0 7.1 78.8 830.5 495.0 1.0 2.0 13.0 29.9 2.4 2.4 0.0 27.5 27.5 3.8
STD. DEV. 0.8 21.2 0.2 239.7 205.1 0.0 0.0 15.6 0.7 0.7 0.0 14.8 14.8
MIN 27.4 7.0 130.0 6.9 78.8 661.0 350.0 1.0 2.0 13.0 18.9 1.9 1.9 0.0 17.0 17.0 3.8 1.0
MAX 28.5 7.3 160.0 7.2 78.8 1000.0 640.0 1.0 2.0 13.0 40.9 2.9 2.9 0.0 38.0 38.0 3.8 1.0
n 2 2 2 2 1 2 2 2 2 1 2 2 2 2 2 2 1 1
MEAN 27.5 110.0 6.6 89.2 778.5 484.0 1.0 2.0 13.0 29.3 2.8 2.7 0.0 26.5 26.5 6.3
STD. DEV. 1.1 0.0 0.5 246.8 217.8 0.0 0.0 14.2 0.8 0.8 0.0 13.4 13.4
MIN 26.7 6.0 110.0 6.3 89.2 604.0 330.0 1.0 2.0 13.0 19.2 2.2 2.2 0.0 17.0 17.0 6.3 1.0
MAX 28.2 6.9 110.0 7.0 89.2 953.0 638.0 1.0 2.0 13.0 39.3 3.3 3.3 0.0 36.0 36.0 6.3 1.0

15" Clinoptilolite

30" Expanded ClayUNSAT-EC4

RC4

UNSAT-SA2 30" Sand

UNSAT-CL4 30" Clinoptilolite

UNSAT-CL2

RC1

RC2

RC3

Recirculation Tanks Effluent

Stage 1 Recirculating Biofilters Effluent
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Sample ID
Media 

Composition
Statistical 
Parameter

Temp 
(°C)

pH
Total 

Alkalinity 
(mg/L)

DO       
(mg/L)

ORP 
(mV)

Specific 
Conductance 

(µS)

TDS 
(mg/L)

TSS 
(mg/L)

CBOD5 

(mg/L)

COD 
(mg/L)

TN       

(mg/L N)1
TKN       

(mg/L N)

Organic N 

(mg/L N)2
NH3-N 

(mg/L N)
NOx 

(mg/L N)

TIN         

(mg/L N)3
TP          

(mg/L)
Sulfide 
(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

Fecal         
(Ct/100 mL)

n 2 2 2 2 1 2 2 2 2 1 2 2 2 2 2 2 1 2 2 2 1
MEAN 27.5 145.0 7.4 25.5 882.0 525.0 1.0 2.0 18.0 32.0 3.0 3.0 0.0 29.0 29.0 6.5 0.1 0.0 49.0
STD. DEV. 0.8 21.2 0.1 195.2 190.9 0.0 0.0 15.3 0.3 0.3 0.0 15.6 15.6 0.0 0.0 4.2
MIN 26.9 7.6 130.0 7.3 25.5 744.0 390.0 1.0 2.0 18.0 21.2 2.8 2.8 0.0 18.0 18.0 6.5 0.1 0.0 46.0 1.0
MAX 28.1 8.1 160.0 7.4 25.5 1020.0 660.0 1.0 2.0 18.0 42.8 3.2 3.2 0.0 40.0 40.0 6.5 0.1 0.0 52.0 1.0

n 2 2 2 2 1 2 2 2 2 1 2 2 2 2 2 2 1 2 2 2 1
MEAN 26.3 220.0 0.3 -317.2 1332.5 830.0 1.0 25.0 63.0 2.6 2.6 0.6 2.0 0.0 2.0 5.0 27.0 11.5 340.0
STD. DEV. 1.7 28.3 0.3 198.7 240.4 0.0 1.4 0.2 0.2 0.4 0.6 0.0 0.7 2.8 0.7 155.6
MIN 25.1 7.0 200.0 0.1 -317.2 1192.0 660.0 1.0 24.0 63.0 2.4 2.4 0.3 1.5 0.0 1.5 5.0 25.0 11.0 230.0 3.0
MAX 27.5 7.2 240.0 0.5 -317.2 1473.0 1000.0 1.0 26.0 63.0 2.7 2.7 0.9 2.4 0.0 2.4 5.0 29.0 12.0 450.0 3.0
n 2 2 2 2 1 2 2 2 2 1 2 2 2 2 2 2 1 2 2 2 1
MEAN 26.4 235.0 0.9 -279.0 1400.0 810.0 1.5 12.5 50.0 4.1 1.5 1.0 0.5 2.6 3.1 4.8 7.1 3.4 305.0
STD. DEV. 2.2 35.4 0.5 2.8 169.7 0.7 10.7 3.2 0.4 0.2 0.6 3.7 3.0 9.8 4.7 233.3
MIN 24.8 7.0 210.0 0.5 -279.0 1398.0 690.0 1.0 4.9 50.0 1.8 1.2 0.9 0.0 0.0 0.9 4.8 0.1 0.0 140.0 1.0
MAX 27.9 9.1 260.0 1.2 -279.0 1402.0 930.0 2.0 20.0 50.0 6.4 1.8 1.2 0.9 5.2 5.2 4.8 14.0 6.7 470.0 1.0
n 2 2 2 2 1 2 2 2 2 1 2 2 2 2 2 2 1 1
MEAN 26.3 250.0 0.3 -199.7 850.0 450.0 1.0 30.0 44.0 1.7 1.7 0.9 0.7 0.0 0.8 0.5
STD. DEV. 1.5 0.0 0.2 158.4 113.1 0.0 36.8 0.2 0.2 0.3 0.0 0.0 0.1
MIN 25.2 7.5 250.0 0.2 -199.7 738.0 370.0 1.0 3.9 44.0 1.5 1.5 0.7 0.7 0.0 0.7 0.5 1.0
MAX 27.3 7.7 250.0 0.5 -199.7 962.0 530.0 1.0 56.0 44.0 1.8 1.8 1.1 0.8 0.0 0.8 0.5 1.0
n 2 2 2 2 1 2 2 2 2 1 2 2 2 2 2 2 1 1
MEAN 26.5 440.0 0.8 -174.9 1240.0 790.0 50.5 424.5 1100.0 36.3 34.0 19.0 15.0 2.4 17.4 2.9
STD. DEV. 1.8 311.1 1.1 630.7 579.8 70.0 545.2 42.1 45.3 25.5 19.8 3.3 16.6
MIN 25.2 6.4 220.0 0.0 -174.9 794.0 380.0 1.0 39.0 1100.0 6.6 1.9 0.9 1.0 0.1 5.7 2.9 800.0
MAX 27.8 8.0 660.0 1.5 -174.9 1686.0 1200.0 100.0 810.0 1100.0 66.1 66.0 37.0 29.0 4.7 29.1 2.9 800.0

n 3 3 3 3 2 3 3 3 3 1 3 3 3 3 3 3 2 3 3 3 2
MEAN 28.6 216.7 0.2 -144.4 1621.0 1050.0 42.7 9.7 57.0 10.2 10.1 0.5 9.6 0.0 9.7 1.5 0.6 0.4 553.3
STD. DEV. - 75.7 0.1 144.0 707.6 476.3 61.1 2.8 9.8 9.8 0.6 10.0 0.0 10.0 0.4 0.4 0.4 473.8
MIN 26.7 6.4 130.0 0.1 -246.2 1206.0 770.0 3.0 7.8 57.0 0.4 0.4 0.0 0.0 0.0 0.1 1.2 0.1 0.0 260.0 1.0
MAX 29.7 6.5 270.0 0.3 -42.5 2438.0 1600.0 113.0 13.0 57.0 20.1 20.0 1.1 20.0 0.1 20.1 1.7 0.9 0.7 1100.0 1.0
n 3 3 3 3 2 3 3 3 3 1 3 3 3 3 3 3 2 3 3 3 2
MEAN 28.5 170.0 0.3 -193.0 2168.0 1550.0 86.7 7.7 50.0 0.9 0.9 0.7 0.2 0.0 0.2 4.3 0.3 0.2 873.3
STD. DEV. 1.7 60.8 0.2 26.2 1159.6 1261.9 24.4 5.5 0.5 0.5 0.4 0.1 0.0 0.1 3.9 0.4 0.3 804.8
MIN 26.6 6.1 100.0 0.1 -211.5 1455.0 700.0 60.0 2.0 50.0 0.6 0.6 0.4 0.1 0.0 0.1 1.5 0.1 0.0 350.0 1.0
MAX 30.0 6.3 210.0 0.4 -174.5 3506.0 3000.0 108.0 13.0 50.0 1.5 1.5 1.2 0.3 0.0 0.3 7.0 0.7 0.6 1800.0 1.0

3Total Inorganic Nitrogen (TIN) is a calculated value equal to the sum of NH3 and NOX

EC: expanded clay, CL: clinoptilolite, PS: polystyrene, SU: elemental sulfur, LS: lignocellulosic, GL: glycerol, OS: oyster shell, NS: sodium sesquicarbonate, GR: gravel
DO - Dissolved oxygen

1Total Nitrogen (TN) is a calculated value equal to the sum of TKN and NOX
2Organic Nitrogen (ON) is a calculated value equal to the difference of TKN and NH3

Notes:

UNSAT-IS2 

(NO3)

12" Sand; 12" Mix 
(45% EC, 35% 
Ligno, 20% Sulfur)

DENIT-SU2
80% Sulfur; 20% 
Sodium Sesqui.

DENIT-LS1
50% 
Lignocellulosic; 
50% Expanded Clay

DENIT-GL1
12" Gravel; 60" 
Expanded Clay

UNSAT-IS1 
(STE)

12" Sand; 12" Mix 
(45% EC, 35% 
Ligno, 20% Sulfur)

DFT

Denite Feed Tank (Tank 3)

Stage 2 Horizontal Biofilters Effluent

In-situ Simulator Biofilters Effluent

DENIT-SU1
80% Sulfur; 20% 
Oyster Shell
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4.3 Flow Monitoring  
Influent and effluent flows were measured, recorded, and adjusted as necessary to 
maintain flow rates consistent with the experimental design following the sampling event. 
Flow measurements and adjustments are made after collection of liquid samples and 
field parameter analyses.   
 
An effluent flow test was conducted September 1, 2010. Appendix C, Table 1 provides 
the influent and effluent volumes measured on September 1st and 10th as well as the rel-
ative errors of measured flow rates versus the target flow rates as per the experimental 
design.  For the Group 1 systems, measured STE inputs to the Stage 1 biofilters were 
within 7% of the target input volume, which is well within the 15% operational target that 
is considered acceptable for PNRS II flow rates.  Measured effluent volumes for Stage 1 
single pass biofilters were within 4% of the target volume for four of the five systems 
(Appendix C, Table 1).  The UNSAT-PS1 measured effluent volume was substantially 
greater than the target volume (and the measured influent volume) and appears to have 
been caused by a clog in the line between the PS1 and LS4 biofilters. When the PS1 
discharge sample port was opened, water flowed out much more rapidly than previously 
witnessed, and a greater volume was collected than had been dosed.  Three of five 
measured effluent volumes of the Stage 2 biofilters that followed the single pass Stage 1 
systems were substantially greater (19 to 48%) than target volume and also substantially 
greater than the measured Stage 1 output volume.  This result appears contradictory as 
the volume exiting the Stage 2 biofilters should be, and is in fact likely to be, equal to the 
output volume of the upstream Stage 1 biofilters.  The discrepancy may be due to the 
method of collecting volume from the Stage 2 biofilters and will be further examined.  
The low measured flow to the DENIT-LS4 ( RE = -23.3%) is associated with the clogging 
issue in the upstream UNSAT-PS1 biofilter that was described previously. 
 
For the Group 2 systems, all measured STE volumes to the Stage 1 recirculation tanks 
were within 9% of target volumes. All recycle flow volumes as recorded by the PLC were 
also within 9% of target volumes based on the experimental design recycle ratio of 3.0.  
All measured effluent volumes were within 10% of target (Appendix C, Table 1). The cal-
culated recycle ratios (i.e. recycle flow volume divided by the STE flow volume) were all 
within 5% of the target recycle ratio of 3.0. 
 
For Group 3 systems, the measured influent volumes to the Stage 2 horizontal denitrifi-
cation biofilters were all within 9% of target.  The measured effluent volumes averaged 
16.3% less than target. The measured effluent volume collection methods need to be 
evaluated to determine a possible explanation for lower effluent volume as compared to 
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influent dose. This may be resolved by increasing the time period that flow volume is 
measured. 
 
For Group 4 biofilters, the measured influent volumes were within 8% of target volumes 
to both in-situ simulators. The measured effluent volume of UNSAT-IS 2 was within 5% 
of the target volume and is considered acceptable.  The measured effluent volume from 
UNSAT-IS1 was 26.2% less than target and 28.5% less than the measured influent vo-
lume. The measured effluent volume collection methods need to be evaluated to deter-
mine explanation for lower effluent volume as compared to influent. This may be re-
solved by increasing the time period that flow volume is measured. 
 
After evaluating the effluent flow test results, a few maintenance items were conducted:  

• The discharge pipe of UNSAT-PS1 was unclogged using a drain pipe snake on 
September 10th   

• Pump 7 runtime was reduced September 17th  
• Peristaltic Pump 5 pump tubing was replaced and calibrated September 9th  
 

The flows were rechecked after modifications to the systems were made and are pro-
vided in Appendix C, Table 2.  The UNSAT-PS1 measured effluent volume is closer to 
the target as measured on September 21st which will continue to be monitored.  The 
Pump 7 recirculation volume to UNSAT-EC4 is closer to the target as measured on Sep-
tember 20th. After replacing and calibrating the Pump 5 pump tubing on September 9th, 
the in-situ simulator biofilters influent doses are closer to the target volume. However, 
the measured effluent volumes were 15% greater than the influent measured volumes. 
The influent dose rates will be checked from now on at each sampling event. Flow rates 
are measured and adjusted after each sampling event so as not to change flow condi-
tions immediately prior to sampling. 

5.0 PNRS II Sample Event No. 2: Summary and Recommendations 

5.1 Summary  
The results of the second sampling event serve to confirm that the experimental systems 
are functioning as intended and provide the basis upon which to make system adjust-
ments and modifications.  The Sample Event No. 2 results indicate that: 

• Delivered flowrates to all biofilters continued to be generally within 10% of target; 
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• Nine out of ten Stage 1 unsaturated biofilters produced effluent NH3-N of 0.01 
mg/L or less; 

• Seven out of nine Stage 2 saturated biofilters produced effluent NOx-N of 0.17 
mg/L or less;  

• The vertically stacked biofilter receiving nitrified effluent (UNSAT-IS2) produced 
effluent with close to detection levels of both NH3 and NOx; and 

• The vertically stacked biofilter receiving STE (UNSAT-IS1) produced effluent with 
close to detection level of NOx. 

These results provide continuing confirmation of the nitrogen reduction effectiveness of 
the PNRS II biofiltration systems.  Where expected or desired PNRS II outcomes are not 
being achieved, they appear to be due to tractable issues that can be solved and are 
currently being addressed, as discussed in the following sections. 

5.2 Recommendations  

Careful observation of PNRS II systems and the results of Sample Event No. 1 and 2 
were used to formulate recommendations for adjustments and modifications to the test 
systems and the GCREC pilot facility.  The issues to be addressed, recommended mod-
ifications and their rationale, and expected outcomes are presented below.  Recommen-
dations are made for each of the PNRS II performance issues that have identified.  It is 
believed that each issue can be resolved by implementing the recommendations.  All 
recommendations are based on the overriding PNRS II goal of providing functional spe-
cifications for modular biofiltration components for passive onsite nitrogen reducing 
treatment systems.  The project team will continuously evaluate all PNRS II results in-
cluding those that particularly result from implementation of the recommendations and 
make further adaptations as needed. 

5.2.1 Septic Tank Effluent (STE) Quality  
In PNRS II biofilter performance evaluation, the two highly important input factors are the 
composition of Septic Tank Effluent (STE) and the system flowrates.  It has been verified 
in Sample Events 1 and 2 that target flow rates have been successfully achieved. Com-
position of STE at the GCREC site is continuing to provide a challenge. Sample Event 
No. 1 revealed that GCREC Septic Tank Effluent exhibited low concentrations of key pa-
rameters when compared to typical residential STE. Examination of GCREC records in-
dicated unexpectedly high wastewater flowrates.  Upon further investigation, it was 
found that condensate from the facility air conditioning (A/C) system was draining into 
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the wastewater collection system and diluting the GCREC wastewater. The A/C conden-
sate from GCREC air conditioning units was rerouted in mid July and no longer dis-
charges to the wastewater collection system. Following removal of condensate, the in-
fluent feed to the PNRS II systems (GCREC STE) was more characteristic of typical 
STE from single family residences.  The nitrogen level in the STE feed was highly ac-
ceptable for PNRS II testing.  However, some STE parameters continue to show rela-
tively low values. TSS and COD were somewhat lower than for typical STE, while 
CBOD5 was atypically low. 
 
Multiple approaches will be pursued to address STE quality issues.  The project team 
will a. perform additional specialized monitoring of the GCREC tank from which STE is 
diverted for PNRS II as well as the PNRS II dosing tank, b. sample from both the inlet 
and outlet of the PNRS II dosing tank, and c. examine more critically the analytical me-
thods that produced Sample Event 2 results. In addition, a hydraulic modification will be 
made to the two-chamber PNRS II dosing tank. STE from the GCREC tank enters the 
first chamber of the PNRS II dosing tank and then flows to the second chamber which 
contains the PNRS II dosing pumps.  To decrease residence time, a new pipe will be 
installed to direct STE from the GCREC tank directly to the second chamber in the 
PNRS II dosing tank.  Depending on the results of this effort, another option that may be 
pursued is to withdraw STE from the GCREC tank that is located upstream of the 
present withdrawal tank. The result of these efforts will be to provide influent STE to the 
PNRS II systems that reasonably approximates STE characteristics typical of single fam-
ily residences. 

Status: Ongoing 

5.2.2 Polystyrene Biofilter (UNSAT-PS1)  
In Sample Event 1, the unsaturated single pass biofilter with polystyrene media (UNSAT-
PS1) exhibited limited reduction of organic nitrogen and ammonia as well as a lower ef-
fluent dissolved oxygen than the other single pass Stage 1 unsaturated biofilters.  Visual 
observations of the media surface suggested that the STE application system resulted in 
a majority of dosing in the central area of the horizontal cross section of media surface.  
Flow monitoring confirmed that water transported rapidly through the polystyrene media 
following an applied STE dose, unlike the other single pass Stage 1 biofilters.  This not 
unexpected result can be attributed to the much larger media size of polystyrene media 
and its limited water retention characteristics versus other Stage 1 media.  The results of 
Sample Event 2 also showed unacceptable performance of the polystyrene biofilter as 
currently configured.  Devices to more uniformly distribute the flow were investigated.  
Upon further evaluation and analyses, however, it was concluded that the properties of 
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polystyrene media would not be compatible with a practical single pass unsaturated bio-
filter.  It was determined that polystyrene media could be feasibly deployed in a recircu-
lation biofilter configuration. The polystyrene biofilter will be re-configured as a recircula-
tion biofilter. Effluent from the re-configured polystyrene biofilter will continue to be di-
rected to the directly coupled Stage 2 biofilter DENIT-LS4. The outcome of these efforts 
will be to provide evaluation of total nitrogen reduction using a recirculating Stage 1 bio-
filter with polystyrene media that is directly coupled to a Stage 2 denitrification biofilter.  
 
Status: Ongoing  
 

5.2.3 Upflow Denitrification Biofilters (DENIT-LS2, DENIT-LS3) 
Two upflow denitrification biofilters with lignocellulosic media showed limited NOx reduc-
tion in Sample Event 2.  Possible explanations are inadequate flow distribution across 
the biofilter area, lack of adequate electron donor release from media, and inhibition due 
to release of chemical constituents from the media.  The project team will initially employ 
dye tests to visually determine if there is a tendency for effluent to exit the biofilter media 
in a concentrated form at specific locations.  An example is preferential flow along the 
biofilter walls, which would lead to low water residence times and limited contact with 
media.  If the results indicate that flow distribution is a concern, hydraulic modification 
could entail reconfiguration of the underflow system beneath the biofilter media to affect 
more uniform follow distribution.  Other options are to examine the lignocellulosic media 
properties.  The outcome of these modifications will be to achieve efficient NOx reduction 
in these upflow lignocellulosic biofilters. 
 
Status: Ongoing 

5.2.4 Glycerol Fed Horizontal Denitrification Biofilter (DENIT-GL1) 
In Sample Event 2, the effluent NOx-N was less than 0.1 mg/L in the glycerol supplied 
saturated horizontal denitrification biofilter.  The DENIT-GL1 biofilter is therefore meeting 
its primary objective. The effluent COD and CBOD5 were quite high, and other water 
quality parameters exhibited puzzling results. A possible explanation for the high levels 
of bulk organic parameters is glycerol dosing.  The strategy for DENIT-GL1 was to 
supply glycerol in excess and to reduce the dosing level once denitrification was estab-
lished.  It therefore appears likely that glycerol dosing can account for at least a portion 
of the elevated COD and CBOD5 in the effluent. The project team will perform a com-
plete review of glycerol dosing including a. evaluation of stoichiometric glycerol require-
ment for influent oxygen, nitrate and other electron acceptors, b. dosing rates and glyce-
rol stock solution concentrations, and c. measured glycerol stock reservoir depletion 
rates.  The glycerol dosing rate will likely be lowered, resulting in a decrease in effluent 
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COD and CBOD5 while effluent NOx remains at low levels.  Another action will be to 
more closely examine the composition of the glycerol supply.  Future sampling will also 
provide insight into other unexplained analytical results for DENIT-GL1 effluent in Sam-
ple Event 2 including TSS, TKN and NH3.      

Status: Ongoing  

5.2.5 Replace Alkalinity Supplement (DENIT-SU4, DENIT-SU2)  
Sodium sesquicarbonate was supplied as alkalinity supplement in one upflow denitrifica-
tion biofilter (DENIT-SU4) and one horizontal denitrification biofilter (DENIT-SU2).  So-
dium sesquicarbonate has exhibited a relatively rapid dissolution rate and possibly re-
precipitation in preliminary testing.  Sodium sesquicarbonate dissolution rates are too 
rapid to enable this media to be applied in passive PNRS II systems that are intended for 
long term deployment. Limestone will replace sodium sesquicarbonate in DENIT-SU4. 
Additionally, the sulfur content in DENIT-SU4 will be reduced to 30%. The media com-
position in DENIT-SU4 will be modified to 30% elemental sulfur, 10% limestone, and 
60% expanded clay.  DENIT-SU4 effluent will possibly have lower effluent SO4 than up-
flow biofilter DENIT-SU3 which contains 80% sulfur media. The media mixture in hori-
zontal denitrification biofilter DENIT-SU2 will also be modified to 30% elemental sulfur, 
10% limestone, and 60% expanded clay. The outcome of these modifications will be 
evaluation of DENIT-SU4 and DENIT-SU-2 denitrification biofilters that are suitable for 
long term on-site deployment. 
 
Status: Ongoing 

5.2.6 In-Situ Simulator Effluent Sulfate Concentration (UNSAT-IS3, UNSAT-IS4) 
In-Situ Simulators contain vertically stacked media layers intended to affect enhanced 
simultaneous nitrification and denitrification in a single pass vertical downflow system.  
The concept of employing a vertically stacked media configuration is to accomplish nitri-
fication and organics oxidation in an upper unsaturated media layer, which then supplies 
nitrified water to one or more underlying layers containing denitrification media.  The en-
hancement of nitrification/denitrification is due to the inclusion of electron donor (i.e. lig-
nocellulosic material and/or elemental sulfur) in the unsaturated media in the lower layer.  
The In-Situ Simulators deployed a mixed media of expanded clay, lignocellulosic materi-
al and elemental sulfur in an unsaturated condition in the lower layer. It was anticipated 
that placement of sulfur in an unsaturated location would enable oxygen ingress and 
greater sulfur oxidation than if sulfur were maintained in a saturated condition.  High ef-
fluent SO4 levels were anticipated but the extent to which this would occur was not 
known. 
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In Sample Event 1, UNSAT-IS1 and UNSAT-IS2 both produced very low NH3-N, NOx-N and 
organic nitrogen concentrations, but sulfate levels were high.  In an attempt to decrease 
sulfur oxidation in the lower layer, the discharge pipe of both In-Situ Simulators was 
modified on July 20th to saturate the lower 12” of the media bed.  The denitrification me-
dia was fully encompassed within the saturated layer.  The results of Sample Event 2 
showed that effluent sulfate levels decreased.  The modification resulted in increase of 
ammonia to 20 mg/L in UNSAT-IS1 that receives STE. 

The overall PNRS II objective is to incorporate PNRS II results into the design of full 
scale testing at homeowner sites in FOSNRS Task B, and the In-situ simulator results 
are critical for Task B activities.  Due to the need to develop functional specifications for 
vertically stacked single pass biofiltration systems, two additional vertically stacked biofil-
ter systems will be constructed to evaluate alternative media designs.  The revised me-
dia designs will provide enhanced simultaneous nitrification/denitrification in unsaturated 
media while minimizing sulfate in the effluent. Two six-inch diameter biofilters will be 
constructed and will be dosed at the same frequency (once per 4 hours) and average 
hydraulic loading rate (0.8 gal/ft2-day) as the currently deployed UNSAT-IS1 and UN-
SAT-IS2.  One of the new biofilters will receive STE and the second will receive nitrified 
effluent. UNSAT-IS3 will receive STE and UNSAT-IS4 will receive nitrified STE. The media con-
figuration of UNSAT-IS3 from top to bottom will be: 3 in. coarse sand, 9 in. filter sand, 10 
in. mixed lignocellulosic media and expanded clay, 2 in. pea gravel, 3 in. elemental sul-
fur, and 2 in. gravel as underdrain.  The media configuration of UNSAT-IS4 from top to 
bottom will be: 12 in. filter sand, 12 in. mixed lignocellulosic media and expanded clay, 2 
in. pea gravel, 3 in. elemental sulfur, and 2 in. gravel as underdrain. STE will be applied 
by peristaltic pump to a drip plate at the biofilter center point.  Effluent will exit the under-
drain from a bottom port located at centerline. STE and nitrified STE supplied to UNSAT-
IS3 and UNSAT-IS4 will be the same as that supplied to UNSAT-IS1 and UNSAT-IS2.  Efflu-
ent will exit the underdrain from a bottom port located at centerline.  The effluent line will 
be directed in an upward direction external to the biofilter column and will be used to 
control the saturation level within the biofilter media.  The saturation levels in UNSAT-IS3 
and UNSAT-IS4 will be maintained within and slightly below the gravel layer that underlies 
the lignocellulosic/expanded clay mixture to maintain sulfur in a completely saturated 
condition.  A shutoff valve will be placed just below the effluent port to enable mainten-
ance of effluent tubing while not draining the biofilter.  The effluent line will contain a 
sampling port for measurement of final effluent.  Another sampling location will be in the 
gravel layer below the lignocellulosic/expanded clay media and above the sulfur media.  
This port will pass through the column sidewall and extend radially several inches into 
the media.  Monitoring will be conducted of system effluent as well as intermediate nitro-
gen species within the biofilter below the unsaturated expanded clay and lignocellulosic 
layer and above the saturated sulfur layer. The effectiveness of the unsaturated system 
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with only lignocellulosic electron donor and the added effect of underlying sulfur will be 
delineated.   

The outcome of these efforts will be specification of the optimal media configuration to 
be employed in the In-Situ (mini-mound) systems, which will then be constructed at 
GCREC.  In-Situ Simulator results from PNRS II are one critical path in the overall PNRS 
II project.  Modifications to the existing In-situ simulators and deployment of additional 
vertically stacked systems will provide the functional specifications required in order to 
proceed with construction of the In-Situ mini-mounds in a timely manner.  Effluents from 
these systems will be also be used in Additives Rule testing. 

Status: Ongoing 
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Appendix A: Operation & Maintenance Log 

 
 

Table A.1 
Operation and Maintenance Log 

Date Description 
5/17/2010 Start-up 
5/20/2010 Pump 1 not in Auto, LL float alarm, refilled Tank 1 to HIGH float 
5/24/2010 Glycerol batch #1 prepared (125 mL glycerol; 1875 mL DI water), feed rate ~ 8 mL/dose 
5/26/2010 LL float alarm, refilled Tank 1 to HIGH float 

6/1/2010 Replaced glycerol tubing 
6/4/2010 LL float alarm, refilled Tank 1 to HIGH float, determined that LOW float is faulty 

Revised floats so that old Low Float is now High float  
Revised program installed so that only LOW Float turns on/off Pump 1 

6/8/2010 Glycerol batch #2 prepared (125 mL glycerol; 1875 mL DI water), feed rate ~ 8 mL/dose 
6/18/2010 Pump 1 screen cleaned with hose 
6/21/2010 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 

Pump 8 was on "OFF", turned back to "AUTO" 
6/22/2010 Pump 5 had turned off, turned back on at 9:32 am 
6/28/2010 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 

Replaced glycerol tubing, kink in top, added elbow 
Russ replaced existing GCREC mound Pump 2 ~ 11:00 am 

7/2/2010 Pump 1 screen cleaned with hose 
7/8/2010 Glycerol tubing had released to bottom of container, replaced with polyethylene tubing 

Tank 1 LOW Float alarm, revised magnet distance to shorten Pump 1 runtime 
Pump 1 screen cleaned with hose 

7/12/2010 Pump 5 Error Code 18, cleared alarm and restarted pump 
7/14/2010 UPS beeping, problem with receptacle, temporary fix with extension cord 
7/15/2010 Electrician fixed receptacle 
7/16/2010 Per Dr. Stanley all condensate flow diverted from septic system 

Russ fixed existing GCREC Mound Pump 2 which had not been running 
Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 
Glycerol batch #3 prepared (125 mL glycerol; 1875 mL DI water), feed rate ~ 8 mL/dose 
Capillary mat added to PS-1  

7/19/2010 IS 1 changed discharge (rotated 180°) now 15 inches of saturation from bottom of tank  
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Appendix A September 2010 

FLORIDA DEPARTMENT OF HEALTH PAGE A-2 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 2 HAZEN AND SAWYER, P.C. 

 

7/20/2010 IS 2 changed discharge (rotated 180°) now 15 inches of saturation from bottom of tank  
7/26/2010 Removed PS1 capillary mat from inside mesh bag, replaced with new mat on top of bag 

Glycerol batch #4 (70 mL glycerol; 1930 mL DI water), feed rate ~ 10 mL/dose 
8/3/2010 Glycerol batch #5 (70 mL glycerol; 1930 mL DI water), feed rate ~ 10 mL/dose 
8/4/2010 Cleaned crosses in Stage 1 Recirculating Biofilters 

Added tees to outlet of RC1 and RC4 tanks to alleviate blockage build-up 
Replaced Hydrosplitter 1 & 2 tubing 
Replaced Stage 2 horizontal tubing from Pump 11 
Cleaned Stage 2 horizontal sample ports 
Lowered Pump 1 Low Float 2 wraps to decrease volume in tank( decrease residence time) 

8/10/2010 Glycerol batch #6 (70 mL glycerol; 1930 mL DI water), feed rate ~ 10 mL/dose 
Raised Pump 1 Low Float 1 wrap because float down was below the hole  

8/12/2010 Revised tubing connection at top of In-Situ simulator tanks to elbow  
8/17/2010 Glycerol batch #7 (70 mL glycerol; 1930 mL DI water), feed rate ~ 10 mL/dose 

Added tees to outlet in RC2 and RC3 tanks as well 
Revised RC tanks discharge piping to flexible hose   

8/19/2010 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 
8/23/2010 Possible leak detected at Recirc Tank #2 for P7 
8/27/2010 Glycerol batch #8 (70 mL glycerol; 1930 mL DI water), feed rate ~ 10 mL/dose 

9/1/2010 Replaced elbow for Recirc Tank #2 (STE tubing) to fix leak 
9/7/2010 Glycerol batch #9 (70 mL glycerol; 1930 DI water), feed rate ~ 10 mL/dose 

Removed PS1 capillary mat 
9/9/2010 Replaced Pump 5 pump tubing 

9/10/2010 Cut the LS4 inlet pipe and used a drain snake to unclog both elbows 
9/13/2010 Glycerol batch #10 (70 mL glycerol; 1980 DI water), feed rate ~ 10 mL/dose 
9/17/2010 Modified Pump 7 runtime to 15 seconds per dose 
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FLORIDA DEPARTMENT OF HEALTH PAGE A-3 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 2 HAZEN AND SAWYER, P.C. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure A.1 
Capillary Mat Installed above Polystyrene Media 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure A.2  
Revised In-situ Simulators Discharge Piping 
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FLORIDA DEPARTMENT OF HEALTH PAGE A-4 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 2 HAZEN AND SAWYER, P.C. 

 

Figure A.3 
RC1 Outlet Tee 

Figure A.4 
UNSAT-CL4 before Cleaning 

 
 
 
 
 
 
 
 
 
 
 
 

Figure A.5 
UNSAT-CL4 after Cleaning 
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FLORIDA DEPARTMENT OF HEALTH PAGE A-5 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 2 HAZEN AND SAWYER, P.C. 

 

 
 
 
 
 
 
 
 
 

Figure A.6 
Outlet Tee in Recirculation Tank 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure A.7 
Unclogging UNSAT-LS4 Influent Pipe  
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FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY  PAGE B-1 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 2 HAZEN AND SAWYER, P.C. 

 
Appendix B: PLC Data Tables 

 
 

Table B.1 
Summary of PLC Recorded Daily Flows 

(7/1/10 – 8/31/10) 
 Average 

Recorded 
Flow 
(gpd) 

Std. 
Dev. 

MIN 
(gpd) 

MAX 
(gpd) 

Target 
Flow  
(gpd) 

Relative Error1 
(%) 

Pump 4 to Hydro 1 74.4 1.8 64.0 78.0 73.7 1.0% 
Pump 14 to Hydro 2 67 2.77 59 74 58.9 11.4% 
Pump 6 to Recirc. 
System 1 44 0.78 40 45 44.2 0.2% 

Pump 7 to Recirc. 
System 2 48 0.72 44 48 44.2 7.0% 

Pump 8 to Recirc. 
System 3 44 0.71 40 45 44.2 -0.2% 

Pump 9 to Recirc. 
System 4 44 0.68 41 45 44.2 0.4% 
1Relative Error = (Recorded Flow – Target Flow)/ Target Flow *100 

 
Table B.2 

Summary of PLC Recorded Daily Runtimes 
(7/1/10 – 8/31/10) 

 Average 
Recorded 

Daily 
Runtime 

(minutes/day)

Std. 
Dev. 

MIN 
(minutes)

MAX 
(minutes)

Target 
Daily 

Runtime 
(minutes) 

Relative Error1 
(%) 

Pump 4 to Hydro 1 12.8 0.4 12.0 13.0 12.4 3.1% 
Pump 14 to Hydro 2 10.8 0.4 10.0 12.0 10.4 3.6% 
Pump 6 to Recirc. 
System 1 6.4 0.5 6.0 7.0 6.0 5.8% 
Pump 7 to Recirc. 
System 2 6.8 0.4 6.0 7.0 6.0 11.4% 
Pump 8 to Recirc. 
System 3 6.4 0.5 6.0 7.0 6.0 6.1% 
Pump 9 to Recirc. 
System 4 6.4 0.5 6.0 7.0 6.0 6.1% 
1Relative Error = (Recorded Runtime – Target Runtime)/ Target Runtime *100
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FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY  PAGE C-1 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 2 HAZEN AND SAWYER, P.C. 

 
Appendix C: Flow Test Results 
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FLORIDA DEPARTMENT OF HEALTH PAGE C-2 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 2 HAZEN AND SAWYER, P.C. 

 

Table C.1 
Flow Test Results 

 
 

Target Input 
Volume

Dose/day
Target Input 

Volume
Measured Input 

Volume
Relative Error 

(%)
Measured 

Output Volume
Relative Error 

(%)

Calculated 
Recycle Ratio 

(RR)

Relative Error 
(%)

(mL/day) (Dose/day) (mL/dose) (mL/dose)

  (Measured 
Input -Target 

Input) / Target 
Input * 100

(mL/dose)

  (Measured 
Output -Target 
Input) / Target 

Input * 100

Volume Recycle 
/ Volume STE

Measured RR - 
Target RR / 

Measured RR * 
100

 Stage 1 Single Pass Biofilters        
(Hydrosplitter 1)

Date
9/10/2010 Dose 

@ 10:00 am
9/1/10          

12:53 - 1:53 pm

UNSAT-PS1 2,175 -6.2% 3,575 54.2%

UNSAT-CL3 2,295 -1.0% 2,405 3.7%

UNSAT-CL1 2,330 0.5% 2,303 -0.7%

UNSAT-EC3 2,245 -3.2% 2,368 2.1%

UNSAT-EC1 2,330 0.5% 2,405 3.7%

Mean 2,275 -1.9% 2,611 12.6%

Stage 2 Single Pass Upflow Biofilters

Date
9/1/10          

8:42 - 9:42 am

DENIT-LS4 1,779 -23.3%

DENIT-LS2 3,437 48.2%

DENIT-SU3 2,857 23.2%

DENIT-LS3 2,770 19.4%

DENIT-SU4 2,407 3.8%

Mean 2,650 14.3%

Stage 1 Recirculating Biofilters 
(Hydrosplitter 2)

Date
(9/10/10) dose @ 

10:30 am

RC1 : UNSAT-SA2 2,300 -0.8%

RC2 : UNSAT-EC4 2,520 8.7%

RC3 : UNSAT-CL2 2,410 3.9%

RC4 : UNSAT-CL4 2,380 2.6%

Mean 2,403 3.6%

Stage 1 Recirculating Biofilters   
(Recycle)

PLC Recorded 
(9/10/2010)

RC1 : UNSAT-SA2 6,939 -0.3% 3.02 0.6%

RC2 : UNSAT-EC4 7,570 8.8% 3.00 0.1%

RC3 : UNSAT-CL2 6,939 -0.3% 2.88 -4.2%

RC4 : UNSAT-CL4 6,939 -0.3% 2.92 -2.9%

Mean 7,097 2.0% 2.95 -1.6%

Stage 1 Recirculating Biofilters  
(Hydrosplitter 2 + Recycle)

9/1/2010        
10:10 - 11:10 am

RC1 : UNSAT-SA2 9,290 0.2%

RC2 : UNSAT-EC4 10,170 9.6%

RC3 : UNSAT-CL2 9,325 0.5%

RC4 : UNSAT-CL4 9,184 -1.0%

Mean 9,492 2.3%

Horizontal Denitrification Biofilters

Date
9/10/10 dose @ 

12:06 pm 
9/1/2010        

12:58 - 1:58 pm

DENIT-SU1 298 -3.5% 239 -22.6%

DENIT-SU2 296 -4.1% 275 -10.9%

DENIT-GL1 295 -4.4% 272 -11.9%

DENIT-LS1 282 -8.6% 248 -19.7%

Mean 293 -5.2% 259 -16.3%

 In-Situ Simulators

Date
9/1/2010 manual 

dose
9/1/10          

8:49 - 12:49 pm

UNSAT-IS1 (STE) 2,551 3.3% 1,823 -26.2%

UNSAT-IS2 (Nitrified STE) 2,288 -7.3% 2,360 -4.4%
  Notes:  Yellow-shaded cells are measured values; grey-shaded cells are calculated values

4

3

2

308.77,409

2,46914,814

24

6

2,31955,656 24

222,624 24 9,276

1

166,968 24 6,957

2,31955,656

2,31955,656

24

24

Measured Output Recycle Ratio

Biofilter/Flow
Group        

(Figure 1)

Measured InputTarget Input
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FLORIDA DEPARTMENT OF HEALTH PAGE C-3 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 2 HAZEN AND SAWYER, P.C. 

 

Table C.2 
Flow Test Results following Modifications 

 
 
 

Target Input 
Volume

Dose/day
Target Input 

Volume
Measured Input 

Volume
Relative Error 

(%)
Measured 

Output Volume
Relative Error 

(%)

Calculated 
Recycle Ratio 

(RR)

Relative Error 
(%)

(mL/day) (Dose/day) (mL/dose) (mL/dose)

  (Measured 
Input -Target 

Input) / Target 
Input * 100

(mL/dose)

  (Measured 
Output -Target 
Input) / Target 

Input * 100

Volume Recycle 
/ Volume STE

Measured RR - 
Target RR / 

Measured RR * 
100

 Stage 1 Single Pass Biofilters        
(Hydrosplitter 1)

Date
9/10/2010 Dose 

@ 10:00 am
9/21/10         

9:00 - 10:00 am

UNSAT-PS1 2,175 -6.2% 2,565 10.6%

UNSAT-CL3 2,295 -1.0% 2,355 1.6%

UNSAT-CL1 2,330 0.5% 2,335 0.7%

UNSAT-EC3 2,245 -3.2% 2,240 -3.4%

UNSAT-EC1 2,330 0.5% 2,290 -1.3%

Mean 2,275 -1.9% 2,357 1.6%

Stage 2 Single Pass Upflow Biofilters

Date
9/1/10          

8:42 - 9:42 am

DENIT-LS4 1,779 -23.3%

DENIT-LS2 3,437 48.2%

DENIT-SU3 2,857 23.2%

DENIT-LS3 2,770 19.4%

DENIT-SU4 2,407 3.8%

Mean 2,650 14.3%

Stage 1 Recirculating Biofilters 
(Hydrosplitter 2)

Date
(9/10/10) dose @ 

10:30 am

RC1 : UNSAT-SA2 2,300 -0.8%

RC2 : UNSAT-EC4 2,520 8.7%

RC3 : UNSAT-CL2 2,410 3.9%

RC4 : UNSAT-CL4 2,380 2.6%

Mean 2,403 3.6%

Stage 1 Recirculating Biofilters   
(Recycle)

PLC Recorded 
(9/20/2010)

RC1 : UNSAT-SA2 6,939 -0.3% 3.02 0.6%

RC2 : UNSAT-EC4 7,097 2.0% 2.82 -6.5%

RC3 : UNSAT-CL2 6,939 -0.3% 2.88 -4.2%

RC4 : UNSAT-CL4 7,097 2.0% 2.98 -0.6%

Mean 7,018 0.9% 2.92 -2.6%

Stage 1 Recirculating Biofilters  
(Hydrosplitter 2 + Recycle)

9/21/10         
8:30 -9:30 am

RC1 : UNSAT-SA2 9,070 -2.2%

RC2 : UNSAT-EC4 9,190 -0.9%

RC3 : UNSAT-CL2 9,185 -1.0%

RC4 : UNSAT-CL4 9,135 -1.5%

Mean 9,145 -1.4%

Horizontal Denitrification Biofilters

Date
9/10/10 dose @ 

12:06 pm 
9/1/2010        

12:58 - 1:58 pm

DENIT-SU1 298 -3.5% 239 -22.6%

DENIT-SU2 296 -4.1% 275 -10.9%

DENIT-GL1 295 -4.4% 272 -11.9%

DENIT-LS1 282 -8.6% 248 -19.7%

Mean 293 -5.2% 259 -16.3%

 In-Situ Simulators

Date
9/9/2010        

manual dose
9/10/10         

8:30 - 12:30 pm

UNSAT-IS1 (STE) 2,340 -5.2% 1,950 -21.0%

UNSAT-IS2 (Nitrified STE) 2,460 -0.4% 1,530 -38.0%
  Notes:  Green-shaded cells are measured values following completion of system modifications; yellow-shaded cells are measured values; grey-shaded cells are calculated values

3
7,409 24 308.7

4

14,814 6 2,469

2

55,656 24 2,319

166,968 24 6,957

222,624 24 9,276

1

55,656 24 2,319

55,656 24 2,319

Group        
(Figure 1)

Biofilter/Flow

Target Input Measured Input Measured Output Recycle Ratio
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Appendix D: Laboratory Report 

 



Hazen and Sawyer, PC
10002 Princess Palm Avenue
Suite 200
Tampa, FL  33619-

September 22, 2010
Project No:  104686

Southern Analytical Laboratories, inc.
110 BAYVIEW BOULEVARD, OLDSMAR, FL  34677        813-855-1844  fax 813-855-2218

 Laboratory Report 
Project Name PNRS II Wastewater System Analyses

Parameters ResultsUnits Method Date/Time 
Analyzed

AnalystDetection 
Limit

Date/Time
 Prep

104686.01
Date/Time Collected 08/31/10

Sample Description PNRS II STE-T1

SAL Sample Number
13:35

Date/Time Received 08/31/10 16:25

Matrix Wastewater

Field Parameter

1,092Specific Conductance umhos/cm DEP FT1200 08/31/10  13:35 TDD0.1  
27.9Temperature C DEP FT1400 08/31/10  13:35 TDD0.1  
7.2pH SU DEP FT1100 08/31/10  13:35 TDD0.1  
0.0Dissolved Oxygen mg/l DEP FT1500 08/31/10  13:35 TDD0.01  

Inorganics

370Total Alkalinity as CaCO3 mg/l SM 2320B 09/03/10  13:30 KTC2
59Ammonia Nitrogen mg/l N EPA 350.1 09/02/10  09:41 SMB0.01  
27Carbonaceous BOD mg/l SM 5210 B 09/07/10  08:47 MEJ2 09/02/10  09:30

210Chemical Oxygen Demand mg/l EPA 410.4 09/03/10  09:00 ARM10 09/03/10  09:00
0.053Nitrate-Nitrite (as N) mg/l EPA 353.2 09/01/10  11:00 SMB0.01  

380Total Dissolved Solids mg/l SM 2540C 09/02/10  14:30 MJV10 09/01/10  11:30
67Total Kjeldahl Nitrogen mg/l N EPA 351.2 09/03/10  08:43 SMB0.05 09/01/10  08:35
7.4Total Phosphorus mg/l P SM 4500P E 09/04/10  10:19 SMB0.01 09/02/10  08:00
 70Total Suspended Solids mg/l SM 2540D 09/02/10  13:00 MJV1 09/01/10  13:00

Microbiology

800Fecal Coliform Ct/100 ml SM 9222 D 09/01/10  17:00 MEJZ 1 08/31/10  18:15

104686.02
Date/Time Collected 08/31/10

Sample Description RC1

SAL Sample Number
13:00

Date/Time Received 08/31/10 16:25

Matrix Wastewater

Field Parameter

1,011Specific Conductance umhos/cm DEP FT1200 08/31/10  13:00 TDD0.1  
30.0Temperature C DEP FT1400 08/31/10  13:00 TDD0.1  
7.3pH SU DEP FT1100 08/31/10  13:00 TDD0.1  
0.0Dissolved Oxygen mg/l DEP FT1500 08/31/10  13:00 TDD0.01  

Inorganics

210Total Alkalinity as CaCO3 mg/l SM 2320B 09/03/10  13:30 KTC2
13Ammonia Nitrogen mg/l N EPA 350.1 09/02/10  09:41 SMB0.01  
6.0Carbonaceous BOD mg/l SM 5210 B 09/07/10  08:47 MEJ2 09/02/10  09:30
22Chemical Oxygen Demand mg/l EPA 410.4 09/01/10  09:00 ARMI 10 09/01/10  09:00
36Nitrate-Nitrite (as N) mg/l EPA 353.2 09/01/10  11:00 SMB0.01  

Francis I. Daniels, Laboratory Director
Leslie C. Boardman, Q. A. Manager

FDOH Laboratory No. E84129
NELAP Accredited
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Hazen and Sawyer, PC
10002 Princess Palm Avenue
Suite 200
Tampa, FL  33619-

September 22, 2010
Project No:  104686

Southern Analytical Laboratories, inc.
110 BAYVIEW BOULEVARD, OLDSMAR, FL  34677        813-855-1844  fax 813-855-2218

 Laboratory Report 
Project Name PNRS II Wastewater System Analyses

Parameters ResultsUnits Method Date/Time 
Analyzed

AnalystDetection 
Limit

Date/Time
 Prep

104686.02
Date/Time Collected 08/31/10

Sample Description RC1

SAL Sample Number
13:00

Date/Time Received 08/31/10 16:25

Matrix Wastewater

Inorganics

550Total Dissolved Solids mg/l SM 2540C 09/02/10  14:30 MJV10 09/01/10  11:30
17Total Kjeldahl Nitrogen mg/l N EPA 351.2 09/03/10  08:43 SMB0.05 09/01/10  08:35
5.8Total Phosphorus mg/l P SM 4500P E 09/04/10  10:19 SMB0.01 09/02/10  08:00

1Total Suspended Solids mg/l SM 2540D 09/02/10  13:00 MJVU 1 09/01/10  13:00

Microbiology

114Fecal Coliform Ct/100 ml SM 9222 D 09/01/10  17:00 MEJ1 08/31/10  18:15

104686.03
Date/Time Collected 08/31/10

Sample Description RC2

SAL Sample Number
13:10

Date/Time Received 08/31/10 16:25

Matrix Wastewater

Field Parameter

1,031Specific Conductance umhos/cm DEP FT1200 08/31/10  13:10 TDD0.1  
30.2Temperature C DEP FT1400 08/31/10  13:10 TDD0.1  
7.3pH SU DEP FT1100 08/31/10  13:10 TDD0.1  
0.1Dissolved Oxygen mg/l DEP FT1500 08/31/10  13:10 TDD0.01  

Inorganics

180Total Alkalinity as CaCO3 mg/l SM 2320B 09/03/10  13:30 KTC2
15Ammonia Nitrogen mg/l N EPA 350.1 09/02/10  09:41 SMB0.01  

2Carbonaceous BOD mg/l SM 5210 B 09/07/10  08:47 MEJU 2 09/02/10  09:30
24Chemical Oxygen Demand mg/l EPA 410.4 09/01/10  09:00 ARMI 10 09/01/10  09:00
23Nitrate-Nitrite (as N) mg/l EPA 353.2 09/01/10  11:00 SMB0.01  

560Total Dissolved Solids mg/l SM 2540C 09/02/10  14:30 MJV10 09/01/10  11:30
17Total Kjeldahl Nitrogen mg/l N EPA 351.2 09/03/10  08:43 SMB0.05 09/01/10  08:35
4.2Total Phosphorus mg/l P SM 4500P E 09/04/10  10:19 SMB0.01 09/02/10  08:00

1Total Suspended Solids mg/l SM 2540D 09/02/10  13:00 MJVU 1 09/01/10  13:00

Microbiology

99Fecal Coliform Ct/100 ml SM 9222 D 09/01/10  17:00 MEJ1 08/31/10  18:15

Francis I. Daniels, Laboratory Director
Leslie C. Boardman, Q. A. Manager

FDOH Laboratory No. E84129
NELAP Accredited

Page 2 of 51



Hazen and Sawyer, PC
10002 Princess Palm Avenue
Suite 200
Tampa, FL  33619-

September 22, 2010
Project No:  104686

Southern Analytical Laboratories, inc.
110 BAYVIEW BOULEVARD, OLDSMAR, FL  34677        813-855-1844  fax 813-855-2218

 Laboratory Report 
Project Name PNRS II Wastewater System Analyses

Parameters ResultsUnits Method Date/Time 
Analyzed

AnalystDetection 
Limit

Date/Time
 Prep

104686.04
Date/Time Collected 08/31/10

Sample Description RC3

SAL Sample Number
13:20

Date/Time Received 08/31/10 16:25

Matrix Wastewater

Field Parameter

1,128Specific Conductance umhos/cm DEP FT1200 08/31/10  13:20 TDD0.1  
30.2Temperature C DEP FT1400 08/31/10  13:20 TDD0.1  
7.6pH SU DEP FT1100 08/31/10  13:20 TDD0.1  
0.1Dissolved Oxygen mg/l DEP FT1500 08/31/10  13:20 TDD0.01  

Inorganics

160Total Alkalinity as CaCO3 mg/l SM 2320B 09/03/10  13:30 KTC2
8.7Ammonia Nitrogen mg/l N EPA 350.1 09/02/10  09:41 SMB0.01  
3.3Carbonaceous BOD mg/l SM 5210 B 09/07/10  08:47 MEJ2 09/02/10  09:30
61Chemical Oxygen Demand mg/l EPA 410.4 09/01/10  09:00 ARM10 09/01/10  09:00
33Nitrate-Nitrite (as N) mg/l EPA 353.2 09/01/10  11:00 SMB0.01  

590Total Dissolved Solids mg/l SM 2540C 09/02/10  14:30 MJV10 09/01/10  11:30
12Total Kjeldahl Nitrogen mg/l N EPA 351.2 09/03/10  08:43 SMB0.05 09/01/10  08:35
6.4Total Phosphorus mg/l P SM 4500P E 09/04/10  10:19 SMB0.01 09/02/10  08:00

1Total Suspended Solids mg/l SM 2540D 09/02/10  13:00 MJV1 09/01/10  13:00

Microbiology

109Fecal Coliform Ct/100 ml SM 9222 D 09/01/10  17:00 MEJ1 08/31/10  18:15

104686.05
Date/Time Collected 08/31/10

Sample Description RC4

SAL Sample Number
13:30

Date/Time Received 08/31/10 16:25

Matrix Wastewater

Field Parameter

1,112Specific Conductance umhos/cm DEP FT1200 08/31/10  13:30 TDD0.1  
30.4Temperature C DEP FT1400 08/31/10  13:30 TDD0.1  
7.8pH SU DEP FT1100 08/31/10  13:30 TDD0.1  
0.0Dissolved Oxygen mg/l DEP FT1500 08/31/10  13:30 TDD0.01  

Inorganics

180Total Alkalinity as CaCO3 mg/l SM 2320B 09/03/10  13:30 KTC2
8.4Ammonia Nitrogen mg/l N EPA 350.1 09/02/10  09:41 SMB0.01  
3.0Carbonaceous BOD mg/l SM 5210 B 09/07/10  08:47 MEJ2 09/02/10  09:30
29Chemical Oxygen Demand mg/l EPA 410.4 09/01/10  09:00 ARMI 10 09/01/10  09:00
27Nitrate-Nitrite (as N) mg/l EPA 353.2 09/01/10  11:00 SMB0.01  

Francis I. Daniels, Laboratory Director
Leslie C. Boardman, Q. A. Manager

FDOH Laboratory No. E84129
NELAP Accredited

Page 3 of 51



Hazen and Sawyer, PC
10002 Princess Palm Avenue
Suite 200
Tampa, FL  33619-

September 22, 2010
Project No:  104686

Southern Analytical Laboratories, inc.
110 BAYVIEW BOULEVARD, OLDSMAR, FL  34677        813-855-1844  fax 813-855-2218

 Laboratory Report 
Project Name PNRS II Wastewater System Analyses

Parameters ResultsUnits Method Date/Time 
Analyzed

AnalystDetection 
Limit

Date/Time
 Prep

104686.05
Date/Time Collected 08/31/10

Sample Description RC4

SAL Sample Number
13:30

Date/Time Received 08/31/10 16:25

Matrix Wastewater

Inorganics

620Total Dissolved Solids mg/l SM 2540C 09/02/10  14:30 MJV10 09/01/10  11:30
11Total Kjeldahl Nitrogen mg/l N EPA 351.2 09/03/10  08:43 SMB0.05 09/01/10  08:35
6.7Total Phosphorus mg/l P SM 4500P E 09/04/10  10:19 SMB0.01 09/02/10  08:00
12Total Suspended Solids mg/l SM 2540D 09/02/10  13:00 MJV1 09/01/10  13:00

Microbiology

112Fecal Coliform Ct/100 ml SM 9222 D 09/01/10  17:00 MEJ1 08/31/10  18:15

104686.06
Date/Time Collected 08/31/10

Sample Description UNSAT-IS1

SAL Sample Number
13:45

Date/Time Received 08/31/10 16:25

Matrix Wastewater

Field Parameter

1,206Specific Conductance umhos/cm DEP FT1200 08/31/10  13:45 TDD0.1  
29.5Temperature C DEP FT1400 08/31/10  13:45 TDD0.1  
6.5pH SU DEP FT1100 08/31/10  13:45 TDD0.1  
0.1Dissolved Oxygen mg/l DEP FT1500 08/31/10  13:45 TDD0.01  

Inorganics

270Total Alkalinity as CaCO3 mg/l SM 2320B 09/03/10  13:30 KTC2
20Ammonia Nitrogen mg/l N EPA 350.1 09/02/10  09:41 SMB0.01  
8.4Carbonaceous BOD mg/l SM 5210 B 09/07/10  08:47 MEJ2 09/02/10  09:30
57Chemical Oxygen Demand mg/l EPA 410.4 09/01/10  09:00 ARM10 09/01/10  09:00
0.7Hydrogen Sulfide (Unionized) mg/l SM 4500S F 09/01/10  14:00 KTC0.01  
0.9Sulfide mg/l SM 4500S F 09/01/10  14:00 KTC0.1  

0.086Nitrate-Nitrite (as N) mg/l EPA 353.2 09/01/10  11:00 SMB0.01  
300Sulfate mg/l EPA 300.0 09/03/10  22:58 MEJ0.2  
780Total Dissolved Solids mg/l SM 2540C 09/02/10  14:30 MJV10 09/01/10  11:30
20Total Kjeldahl Nitrogen mg/l N EPA 351.2 09/03/10  08:43 SMB0.05 09/01/10  08:35
1.2Total Phosphorus mg/l P SM 4500P E 09/04/10  10:19 SMB0.01 09/02/10  08:00

3Total Suspended Solids mg/l SM 2540D 09/02/10  13:00 MJV1 09/01/10  13:00

Microbiology

1Fecal Coliform Ct/100 ml SM 9222 D 09/01/10  17:00 MEJU 1 08/31/10  18:15

Francis I. Daniels, Laboratory Director
Leslie C. Boardman, Q. A. Manager

FDOH Laboratory No. E84129
NELAP Accredited
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Hazen and Sawyer, PC
10002 Princess Palm Avenue
Suite 200
Tampa, FL  33619-

September 22, 2010
Project No:  104686

Southern Analytical Laboratories, inc.
110 BAYVIEW BOULEVARD, OLDSMAR, FL  34677        813-855-1844  fax 813-855-2218

 Laboratory Report 
Project Name PNRS II Wastewater System Analyses

Parameters ResultsUnits Method Date/Time 
Analyzed

AnalystDetection 
Limit

Date/Time
 Prep

104686.07
Date/Time Collected 09/01/10

Sample Description UNSAT-IS2

SAL Sample Number
10:20

Date/Time Received 09/01/10 14:43

Matrix Wastewater

Field Parameter

1,543Specific Conductance umhos/cm DEP FT1200 09/01/10  10:20 ClientD1 0.1  
29.0Temperature C DEP FT1400 09/01/10  10:20 ClientD1 0.1  
6.29pH SU DEP FT1100 09/01/10  10:20 ClientD1 0.1  
0.09Dissolved Oxygen mg/l DEP FT1500 09/01/10  10:20 ClientD1 0.01  

Inorganics

200Total Alkalinity as CaCO3 mg/l SM 2320B 09/03/10  13:30 KTC2
0.21Ammonia Nitrogen mg/l N EPA 350.1 09/02/10  09:41 SMB0.01  

2Carbonaceous BOD mg/l SM 5210 B 09/08/10  08:15 KTCU 2 09/03/10  10:15
50Chemical Oxygen Demand mg/l EPA 410.4 09/03/10  09:00 ARM10 09/03/10  09:00

0.01Hydrogen Sulfide (Unionized) mg/l SM 4500S F 09/08/10  14:00 KTCU 0.01  
0.1Sulfide mg/l SM 4500S F 09/08/10  14:00 KTCU 0.1  

0.01Nitrate-Nitrite (as N) mg/l EPA 353.2 09/03/10  07:36 SMBU 0.01  
470Sulfate mg/l EPA 300.0 09/03/10  00:13 MEJ0.2  
950Total Dissolved Solids mg/l SM 2540C 09/08/10  13:00 MJV10 09/07/10  09:30
0.64Total Kjeldahl Nitrogen mg/l N EPA 351.2 09/09/10  10:40 SMB0.05 09/08/10  11:15
1.5Total Phosphorus mg/l P SM 4500P E 09/09/10  12:52 SMB0.01 09/08/10  15:55
60Total Suspended Solids mg/l SM 2540D 09/08/10  12:30 MJV1 09/07/10  13:00

Microbiology

1Fecal Coliform Ct/100 ml SM 9222 D 09/02/10  14:30 MEJU 1 09/01/10  16:10

104686.08
Date/Time Collected 08/31/10

Sample Description UNSAT-EC1

SAL Sample Number
12:40

Date/Time Received 08/31/10 16:25

Matrix Wastewater

Field Parameter

1,055Specific Conductance umhos/cm DEP FT1200 08/31/10  12:40 TDD0.1  
28.6Temperature C DEP FT1400 08/31/10  12:40 TDD0.1  
7.0pH SU DEP FT1100 08/31/10  12:40 TDD0.1  
6.8Dissolved Oxygen mg/l DEP FT1500 08/31/10  12:40 TDD0.01  

Inorganics

130Total Alkalinity as CaCO3 mg/l SM 2320B 09/03/10  13:30 KTC2
0.01Ammonia Nitrogen mg/l N EPA 350.1 09/02/10  09:41 SMBU 0.01  

Francis I. Daniels, Laboratory Director
Leslie C. Boardman, Q. A. Manager

FDOH Laboratory No. E84129
NELAP Accredited
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Hazen and Sawyer, PC
10002 Princess Palm Avenue
Suite 200
Tampa, FL  33619-

September 22, 2010
Project No:  104686

Southern Analytical Laboratories, inc.
110 BAYVIEW BOULEVARD, OLDSMAR, FL  34677        813-855-1844  fax 813-855-2218

 Laboratory Report 
Project Name PNRS II Wastewater System Analyses

Parameters ResultsUnits Method Date/Time 
Analyzed

AnalystDetection 
Limit

Date/Time
 Prep

104686.08
Date/Time Collected 08/31/10

Sample Description UNSAT-EC1

SAL Sample Number
12:40

Date/Time Received 08/31/10 16:25

Matrix Wastewater

Inorganics

2Carbonaceous BOD mg/l SM 5210 B 09/07/10  08:47 MEJU 2 09/02/10  09:30
13Chemical Oxygen Demand mg/l EPA 410.4 09/01/10  09:00 ARMI 10 09/01/10  09:00

0.05Hydrogen Sulfide (Unionized) mg/l SM 4500S F 09/01/10  14:00 KTC0.01  
0.1Sulfide mg/l SM 4500S F 09/01/10  14:00 KTCI 0.1  
42Nitrate-Nitrite (as N) mg/l EPA 353.2 09/01/10  11:00 SMB0.01  
51Sulfate mg/l EPA 300.0 09/03/10  00:30 MEJ0.2  

670Total Dissolved Solids mg/l SM 2540C 09/02/10  14:30 MJV10 09/01/10  11:30
4.3Total Kjeldahl Nitrogen mg/l N EPA 351.2 09/03/10  08:43 SMB0.05 09/01/10  08:35
3.9Total Phosphorus mg/l P SM 4500P E 09/04/10  10:19 SMB0.01 09/02/10  08:00

1Total Suspended Solids mg/l SM 2540D 09/02/10  13:00 MJVU 1 09/01/10  13:00

Microbiology

1Fecal Coliform Ct/100 ml SM 9222 D 09/01/10  17:00 MEJU 1 08/31/10  18:15

104686.09
Date/Time Collected 08/31/10

Sample Description UNSAT-SA2

SAL Sample Number
11:30

Date/Time Received 08/31/10 16:25

Matrix Wastewater

Field Parameter

953Specific Conductance umhos/cm DEP FT1200 08/31/10  11:30 TDD0.1  
28.2Temperature C DEP FT1400 08/31/10  11:30 TDD0.1  
6.9pH SU DEP FT1100 08/31/10  11:30 TDD0.1  
6.3Dissolved Oxygen mg/l DEP FT1500 08/31/10  11:30 TDD0.01  

Inorganics

110Total Alkalinity as CaCO3 mg/l SM 2320B 09/03/10  13:30 KTC2
0.01Ammonia Nitrogen mg/l N EPA 350.1 09/02/10  09:41 SMBU 0.01  

2Carbonaceous BOD mg/l SM 5210 B 09/07/10  08:47 MEJU 2 09/02/10  09:30
13Chemical Oxygen Demand mg/l EPA 410.4 09/01/10  09:00 ARMI 10 09/01/10  09:00
36Nitrate-Nitrite (as N) mg/l EPA 353.2 09/01/10  11:00 SMB0.01  

638Total Dissolved Solids mg/l SM 2540C 09/01/10  14:30 MJV10 09/01/10  11:30
3.3Total Kjeldahl Nitrogen mg/l N EPA 351.2 09/03/10  08:43 SMB0.05 09/01/10  08:35
6.3Total Phosphorus mg/l P SM 4500P E 09/04/10  10:19 SMB0.01 09/02/10  08:00

1Total Suspended Solids mg/l SM 2540D 09/02/10  13:00 MJVU 1 09/01/10  13:00

Francis I. Daniels, Laboratory Director
Leslie C. Boardman, Q. A. Manager

FDOH Laboratory No. E84129
NELAP Accredited
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Hazen and Sawyer, PC
10002 Princess Palm Avenue
Suite 200
Tampa, FL  33619-

September 22, 2010
Project No:  104686

Southern Analytical Laboratories, inc.
110 BAYVIEW BOULEVARD, OLDSMAR, FL  34677        813-855-1844  fax 813-855-2218

 Laboratory Report 
Project Name PNRS II Wastewater System Analyses

Parameters ResultsUnits Method Date/Time 
Analyzed

AnalystDetection 
Limit

Date/Time
 Prep

104686.09
Date/Time Collected 08/31/10

Sample Description UNSAT-SA2

SAL Sample Number
11:30

Date/Time Received 08/31/10 16:25

Matrix Wastewater

Microbiology

1Fecal Coliform Ct/100 ml SM 9222 D 09/01/10  14:00 MEJU 1 08/31/10  17:00

104686.10
Date/Time Collected 08/31/10

Sample Description UNSAT-EC3

SAL Sample Number
12:50

Date/Time Received 08/31/10 16:25

Matrix Wastewater

Field Parameter

1,133Specific Conductance umhos/cm DEP FT1200 08/31/10  12:50 TDD0.1  
29.2Temperature C DEP FT1400 08/31/10  12:50 TDD0.1  
7.0pH SU DEP FT1100 08/31/10  12:50 TDD0.1  
6.7Dissolved Oxygen mg/l DEP FT1500 08/31/10  12:50 TDD0.01  

Inorganics

150Total Alkalinity as CaCO3 mg/l SM 2320B 09/03/10  13:30 KTC2
0.01Ammonia Nitrogen mg/l N EPA 350.1 09/02/10  09:41 SMBU 0.01  

2Carbonaceous BOD mg/l SM 5210 B 09/07/10  08:47 MEJU 2 09/02/10  09:30
16Chemical Oxygen Demand mg/l EPA 410.4 09/01/10  09:00 ARMI 10 09/01/10  09:00
42Nitrate-Nitrite (as N) mg/l EPA 353.2 09/01/10  11:00 SMB0.01  

740Total Dissolved Solids mg/l SM 2540C 09/02/10  14:30 MJV10 09/01/10  11:30
3.3Total Kjeldahl Nitrogen mg/l N EPA 351.2 09/03/10  08:43 SMB0.05 09/01/10  08:35
3.9Total Phosphorus mg/l P SM 4500P E 09/04/10  10:19 SMB0.01 09/02/10  08:00

1Total Suspended Solids mg/l SM 2540D 09/02/10  13:00 MJVU 1 09/01/10  13:00

Microbiology

1Fecal Coliform Ct/100 ml SM 9222 D 09/01/10  17:00 MEJU 1 08/31/10  18:15

Francis I. Daniels, Laboratory Director
Leslie C. Boardman, Q. A. Manager

FDOH Laboratory No. E84129
NELAP Accredited
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Hazen and Sawyer, PC
10002 Princess Palm Avenue
Suite 200
Tampa, FL  33619-

September 22, 2010
Project No:  104686

Southern Analytical Laboratories, inc.
110 BAYVIEW BOULEVARD, OLDSMAR, FL  34677        813-855-1844  fax 813-855-2218

 Laboratory Report 
Project Name PNRS II Wastewater System Analyses

Parameters ResultsUnits Method Date/Time 
Analyzed

AnalystDetection 
Limit

Date/Time
 Prep

104686.11
Date/Time Collected 08/31/10

Sample Description UNSAT-EC4

SAL Sample Number
11:20

Date/Time Received 08/31/10 16:25

Matrix Wastewater

Field Parameter

1,000Specific Conductance umhos/cm DEP FT1200 08/31/10  11:20 TDD0.1  
28.5Temperature C DEP FT1400 08/31/10  11:20 TDD0.1  
7.0pH SU DEP FT1100 08/31/10  11:20 TDD0.1  
6.9Dissolved Oxygen mg/l DEP FT1500 08/31/10  11:20 TDD0.01  

Inorganics

130Total Alkalinity as CaCO3 mg/l SM 2320B 09/03/10  13:30 KTC2
0.01Ammonia Nitrogen mg/l N EPA 350.1 09/02/10  09:41 SMBU 0.01  

2Carbonaceous BOD mg/l SM 5210 B 09/07/10  08:47 MEJU 2 09/02/10  10:45
13Chemical Oxygen Demand mg/l EPA 410.4 09/01/10  09:00 ARMI 10 09/01/10  09:00
38Nitrate-Nitrite (as N) mg/l EPA 353.2 09/01/10  11:00 SMB0.01  

640Total Dissolved Solids mg/l SM 2540C 09/02/10  14:30 MJV10 09/01/10  11:30
2.9Total Kjeldahl Nitrogen mg/l N EPA 351.2 09/03/10  08:43 SMB0.05 09/01/10  08:35
3.8Total Phosphorus mg/l P SM 4500P E 09/04/10  10:19 SMB0.01 09/02/10  08:00

1Total Suspended Solids mg/l SM 2540D 09/02/10  13:00 MJVU 1 09/01/10  13:00

Microbiology

1Fecal Coliform Ct/100 ml SM 9222 D 09/01/10  14:00 MEJU 1 08/31/10  17:00

104686.12
Date/Time Collected 08/31/10

Sample Description UNSAT-CL1

SAL Sample Number
12:30

Date/Time Received 08/31/10 16:25

Matrix Wastewater

Field Parameter

1,271Specific Conductance umhos/cm DEP FT1200 08/31/10  12:30 TDD0.1  
29.5Temperature C DEP FT1400 08/31/10  12:30 TDD0.1  
7.4pH SU DEP FT1100 08/31/10  12:30 TDD0.1  
5.5Dissolved Oxygen mg/l DEP FT1500 08/31/10  12:30 TDD0.01  

Inorganics

250Total Alkalinity as CaCO3 mg/l SM 2320B 09/03/10  13:30 KTC2
0.01Ammonia Nitrogen mg/l N EPA 350.1 09/02/10  09:41 SMBU 0.01  

2Carbonaceous BOD mg/l SM 5210 B 09/07/10  08:47 MEJU 2 09/02/10  10:45
20Chemical Oxygen Demand mg/l EPA 410.4 09/01/10  09:00 ARMI 10 09/01/10  09:00

0.08Hydrogen Sulfide (Unionized) mg/l SM 4500S F 09/01/10  14:00 KTC0.01  

Francis I. Daniels, Laboratory Director
Leslie C. Boardman, Q. A. Manager

FDOH Laboratory No. E84129
NELAP Accredited
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Hazen and Sawyer, PC
10002 Princess Palm Avenue
Suite 200
Tampa, FL  33619-

September 22, 2010
Project No:  104686

Southern Analytical Laboratories, inc.
110 BAYVIEW BOULEVARD, OLDSMAR, FL  34677        813-855-1844  fax 813-855-2218

 Laboratory Report 
Project Name PNRS II Wastewater System Analyses

Parameters ResultsUnits Method Date/Time 
Analyzed

AnalystDetection 
Limit

Date/Time
 Prep

104686.12
Date/Time Collected 08/31/10

Sample Description UNSAT-CL1

SAL Sample Number
12:30

Date/Time Received 08/31/10 16:25

Matrix Wastewater

Inorganics

0.3Sulfide mg/l SM 4500S F 09/01/10  14:00 KTCI 0.1  
38Nitrate-Nitrite (as N) mg/l EPA 353.2 09/01/10  11:00 SMB0.01  
48Sulfate mg/l EPA 300.0 09/03/10  00:47 MEJ0.2  

750Total Dissolved Solids mg/l SM 2540C 09/03/10  14:30 MJV10 09/02/10  09:30
2.8Total Kjeldahl Nitrogen mg/l N EPA 351.2 09/03/10  08:43 SMB0.05 09/01/10  08:35
8.0Total Phosphorus mg/l P SM 4500P E 09/04/10  10:19 SMB0.01 09/02/10  08:00

1Total Suspended Solids mg/l SM 2540D 09/02/10  13:00 MJVU 1 09/01/10  13:00

Microbiology

12Fecal Coliform Ct/100 ml SM 9222 D 09/01/10  17:00 MEJ1 08/31/10  18:15

104686.13
Date/Time Collected 08/31/10

Sample Description UNSAT-CL2

SAL Sample Number
11:05

Date/Time Received 08/31/10 14:50

Matrix Wastewater

Field Parameter

1,050Specific Conductance umhos/cm DEP FT1200 08/31/10  11:05 TDD0.1  
26.8Temperature C DEP FT1400 08/31/10  11:05 TDD0.1  
7.4pH SU DEP FT1100 08/31/10  11:05 TDD0.1  
6.4Dissolved Oxygen mg/l DEP FT1500 08/31/10  11:05 TDD0.01  

Inorganics

120Total Alkalinity as CaCO3 mg/l SM 2320B 08/31/10  16:00 KTC2
0.01Ammonia Nitrogen mg/l N EPA 350.1 09/02/10  09:41 SMBU 0.01  

2Carbonaceous BOD mg/l SM 5210 B 09/07/10  08:47 MEJU 2 09/02/10  10:45
22Chemical Oxygen Demand mg/l EPA 410.4 09/01/10  09:00 ARMI 10 09/01/10  09:00
42Nitrate-Nitrite (as N) mg/l EPA 353.2 09/01/10  11:00 SMB0.01  

650Total Dissolved Solids mg/l SM 2540C 09/02/10  14:30 MJV10 09/01/10  11:30
3.1Total Kjeldahl Nitrogen mg/l N EPA 351.2 09/03/10  08:43 SMB0.05 09/01/10  08:35
7.1Total Phosphorus mg/l P SM 4500P E 09/04/10  10:19 SMB0.01 09/02/10  08:00

1Total Suspended Solids mg/l SM 2540D 09/02/10  13:00 MJV1 09/01/10  13:00

Microbiology

4Fecal Coliform Ct/100 ml SM 9222 D 09/01/10  14:00 MEJ1 08/31/10  15:45

Francis I. Daniels, Laboratory Director
Leslie C. Boardman, Q. A. Manager

FDOH Laboratory No. E84129
NELAP Accredited
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Hazen and Sawyer, PC
10002 Princess Palm Avenue
Suite 200
Tampa, FL  33619-

September 22, 2010
Project No:  104686

Southern Analytical Laboratories, inc.
110 BAYVIEW BOULEVARD, OLDSMAR, FL  34677        813-855-1844  fax 813-855-2218

 Laboratory Report 
Project Name PNRS II Wastewater System Analyses

Parameters ResultsUnits Method Date/Time 
Analyzed

AnalystDetection 
Limit

Date/Time
 Prep

104686.14
Date/Time Collected 08/31/10

Sample Description UNSAT-CL3

SAL Sample Number
12:00

Date/Time Received 08/31/10 14:50

Matrix Wastewater

Field Parameter

1,388Specific Conductance umhos/cm DEP FT1200 08/31/10  12:00 TDD0.1  
28.7Temperature C DEP FT1400 08/31/10  12:00 TDD0.1  
7.8pH SU DEP FT1100 08/31/10  12:00 TDD0.1  
7.1Dissolved Oxygen mg/l DEP FT1500 08/31/10  12:00 TDD0.01  

Inorganics

340Total Alkalinity as CaCO3 mg/l SM 2320B 08/31/10  16:00 KTC2
0.01Ammonia Nitrogen mg/l N EPA 350.1 09/02/10  09:41 SMBU 0.01  

2Carbonaceous BOD mg/l SM 5210 B 09/07/10  08:47 MEJU 2 09/02/10  10:45
20Chemical Oxygen Demand mg/l EPA 410.4 09/01/10  09:00 ARMI 10 09/01/10  09:00
36Nitrate-Nitrite (as N) mg/l EPA 353.2 09/01/10  11:00 SMB0.01  

850Total Dissolved Solids mg/l SM 2540C 09/02/10  14:30 MJV10 09/01/10  11:30
4.0Total Kjeldahl Nitrogen mg/l N EPA 351.2 09/03/10  08:43 SMB0.05 09/01/10  08:35
6.8Total Phosphorus mg/l P SM 4500P E 09/04/10  10:19 SMB0.01 09/02/10  08:00

1Total Suspended Solids mg/l SM 2540D 09/02/10  13:00 MJVU 1 09/01/10  13:00

Microbiology

3Fecal Coliform Ct/100 ml SM 9222 D 09/01/10  14:00 MEJ1 08/31/10  15:45

104686.15
Date/Time Collected 08/31/10

Sample Description UNSAT-CL4

SAL Sample Number
10:55

Date/Time Received 08/31/10 14:50

Matrix Wastewater

Field Parameter

1,174Specific Conductance umhos/cm DEP FT1200 08/31/10  10:55 TDD0.1  
29.3Temperature C DEP FT1400 08/31/10  10:55 TDD0.1  
7.8pH SU DEP FT1100 08/31/10  10:55 TDD0.1  
7.1Dissolved Oxygen mg/l DEP FT1500 08/31/10  10:55 TDD0.01  

Inorganics

170Total Alkalinity as CaCO3 mg/l SM 2320B 08/31/10  16:00 KTC2
0.01Ammonia Nitrogen mg/l N EPA 350.1 09/02/10  09:41 SMBU 0.01  

2Carbonaceous BOD mg/l SM 5210 B 09/07/10  08:47 MEJU 2 09/02/10  10:45
13Chemical Oxygen Demand mg/l EPA 410.4 09/01/10  09:00 ARMI 10 09/01/10  09:00
43Nitrate-Nitrite (as N) mg/l EPA 353.2 09/01/10  11:00 SMB0.01  

Francis I. Daniels, Laboratory Director
Leslie C. Boardman, Q. A. Manager

FDOH Laboratory No. E84129
NELAP Accredited
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Hazen and Sawyer, PC
10002 Princess Palm Avenue
Suite 200
Tampa, FL  33619-

September 22, 2010
Project No:  104686

Southern Analytical Laboratories, inc.
110 BAYVIEW BOULEVARD, OLDSMAR, FL  34677        813-855-1844  fax 813-855-2218

 Laboratory Report 
Project Name PNRS II Wastewater System Analyses

Parameters ResultsUnits Method Date/Time 
Analyzed

AnalystDetection 
Limit

Date/Time
 Prep

104686.15
Date/Time Collected 08/31/10

Sample Description UNSAT-CL4

SAL Sample Number
10:55

Date/Time Received 08/31/10 14:50

Matrix Wastewater

Inorganics

680Total Dissolved Solids mg/l SM 2540C 09/02/10  14:30 MJV10 09/01/10  11:30
2.1Total Kjeldahl Nitrogen mg/l N EPA 351.2 09/03/10  08:43 SMB0.05 09/01/10  08:35
7.6Total Phosphorus mg/l P SM 4500P E 09/04/10  10:19 SMB0.01 09/02/10  08:00

1Total Suspended Solids mg/l SM 2540D 09/02/10  13:00 MJVU 1 09/01/10  13:00

Microbiology

1Fecal Coliform Ct/100 ml SM 9222 D 09/01/10  14:00 MEJ1 08/31/10  15:45

104686.16
Date/Time Collected 08/31/10

Sample Description UNSAT-PS1

SAL Sample Number
11:40

Date/Time Received 08/31/10 14:50

Matrix Wastewater

Field Parameter

1,010Specific Conductance umhos/cm DEP FT1200 08/31/10  11:40 TDD0.1  
28.6Temperature C DEP FT1400 08/31/10  11:40 TDD0.1  
7.6pH SU DEP FT1100 08/31/10  11:40 TDD0.1  
2.5Dissolved Oxygen mg/l DEP FT1500 08/31/10  11:40 TDD0.01  

Inorganics

280Total Alkalinity as CaCO3 mg/l SM 2320B 08/31/10  16:00 KTC2
46Ammonia Nitrogen mg/l N EPA 350.1 09/02/10  09:41 SMB0.01  
5.7Carbonaceous BOD mg/l SM 5210 B 09/07/10  08:47 MEJ2 09/02/10  10:45
48Chemical Oxygen Demand mg/l EPA 410.4 09/01/10  09:00 ARM10 09/01/10  09:00
8.2Nitrate-Nitrite (as N) mg/l EPA 353.2 09/01/10  11:00 SMB0.01  

420Total Dissolved Solids mg/l SM 2540C 09/03/10  14:30 MJV10 09/01/10  12:00
53Total Kjeldahl Nitrogen mg/l N EPA 351.2 09/03/10  08:43 SMB0.05 09/01/10  08:35
5.9Total Phosphorus mg/l P SM 4500P E 09/04/10  10:19 SMB0.01 09/02/10  08:00

2Total Suspended Solids mg/l SM 2540D 09/02/10  13:00 MJV1 09/01/10  13:00

Microbiology

930Fecal Coliform Ct/100 ml SM 9222 D 09/01/10  14:00 MEJB 1 08/31/10  15:45

Francis I. Daniels, Laboratory Director
Leslie C. Boardman, Q. A. Manager

FDOH Laboratory No. E84129
NELAP Accredited
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Hazen and Sawyer, PC
10002 Princess Palm Avenue
Suite 200
Tampa, FL  33619-

September 22, 2010
Project No:  104686

Southern Analytical Laboratories, inc.
110 BAYVIEW BOULEVARD, OLDSMAR, FL  34677        813-855-1844  fax 813-855-2218

 Laboratory Report 
Project Name PNRS II Wastewater System Analyses

Parameters ResultsUnits Method Date/Time 
Analyzed

AnalystDetection 
Limit

Date/Time
 Prep

104686.17
Date/Time Collected 08/31/10

Sample Description DENIT-SU1

SAL Sample Number
08:55

Date/Time Received 08/31/10 14:50

Matrix Wastewater

Field Parameter

1,473Specific Conductance umhos/cm DEP FT1200 08/31/10  08:55 TDD0.1  
25.1Temperature C DEP FT1400 08/31/10  08:55 TDD0.1  
7.0pH SU DEP FT1100 08/31/10  08:55 TDD0.1  
0.1Dissolved Oxygen mg/l DEP FT1500 08/31/10  08:55 TDD0.01  

Inorganics

240Total Alkalinity as CaCO3 mg/l SM 2320B 08/31/10  16:00 KTC2
2.4Ammonia Nitrogen mg/l N EPA 350.1 09/02/10  09:41 SMB0.01  
24Carbonaceous BOD mg/l SM 5210 B 09/06/10  09:31 MEJ2 09/01/10  11:00
63Chemical Oxygen Demand mg/l EPA 410.4 09/03/10  09:00 ARM10 09/03/10  09:00
12Hydrogen Sulfide (Unionized) mg/l SM 4500S F 09/01/10  14:00 KTC0.01  
25Sulfide mg/l SM 4500S F 09/01/10  14:00 KTC0.1  

0.040Nitrate-Nitrite (as N) mg/l EPA 353.2 09/01/10  11:00 SMB0.01  
450Sulfate mg/l EPA 300.0 09/03/10  23:15 MEJ0.2  

1,000Total Dissolved Solids mg/l SM 2540C 09/03/10  14:30 MJV10 09/01/10  12:00
2.7Total Kjeldahl Nitrogen mg/l N EPA 351.2 09/03/10  08:43 SMB0.05 09/01/10  08:35
5.0Total Phosphorus mg/l P SM 4500P E 09/04/10  10:19 SMB0.01 09/02/10  08:00

1Total Suspended Solids mg/l SM 2540D 09/03/10  13:00 MJVU 1 09/02/10  15:00

Microbiology

3Fecal Coliform Ct/100 ml SM 9222 D 09/01/10  14:00 MEJ1 08/31/10  15:45

104686.18
Date/Time Collected 08/31/10

Sample Description DENIT-SU2

SAL Sample Number
09:05

Date/Time Received 08/31/10 14:50

Matrix Wastewater

Field Parameter

1,402Specific Conductance umhos/cm DEP FT1200 08/31/10  09:05 TDD0.1  
24.8Temperature C DEP FT1400 08/31/10  09:05 TDD0.1  
7.0pH SU DEP FT1100 08/31/10  09:05 TDD0.1  
0.5Dissolved Oxygen mg/l DEP FT1500 08/31/10  09:05 TDD0.01  

Inorganics

210Total Alkalinity as CaCO3 mg/l SM 2320B 08/31/10  16:00 KTC2
0.92Ammonia Nitrogen mg/l N EPA 350.1 09/02/10  09:41 SMB0.01  

Francis I. Daniels, Laboratory Director
Leslie C. Boardman, Q. A. Manager

FDOH Laboratory No. E84129
NELAP Accredited
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Hazen and Sawyer, PC
10002 Princess Palm Avenue
Suite 200
Tampa, FL  33619-

September 22, 2010
Project No:  104686

Southern Analytical Laboratories, inc.
110 BAYVIEW BOULEVARD, OLDSMAR, FL  34677        813-855-1844  fax 813-855-2218

 Laboratory Report 
Project Name PNRS II Wastewater System Analyses

Parameters ResultsUnits Method Date/Time 
Analyzed

AnalystDetection 
Limit

Date/Time
 Prep

104686.18
Date/Time Collected 08/31/10

Sample Description DENIT-SU2

SAL Sample Number
09:05

Date/Time Received 08/31/10 14:50

Matrix Wastewater

Inorganics

20Carbonaceous BOD mg/l SM 5210 B 09/06/10  09:31 MEJ2 09/01/10  11:00
50Chemical Oxygen Demand mg/l EPA 410.4 09/03/10  09:00 ARM10 09/03/10  09:00
6.7Hydrogen Sulfide (Unionized) mg/l SM 4500S F 09/01/10  14:00 KTC0.01  
14Sulfide mg/l SM 4500S F 09/01/10  14:00 KTC0.1  

0.025Nitrate-Nitrite (as N) mg/l EPA 353.2 09/01/10  11:00 SMBI 0.01  
470Sulfate mg/l EPA 300.0 09/03/10  23:32 MEJ0.2  
930Total Dissolved Solids mg/l SM 2540C 09/03/10  14:30 MJV10 09/01/10  12:00
1.8Total Kjeldahl Nitrogen mg/l N EPA 351.2 09/03/10  08:43 SMB0.05 09/01/10  08:35
4.8Total Phosphorus mg/l P SM 4500P E 09/04/10  10:19 SMB0.01 09/02/10  08:00

2Total Suspended Solids mg/l SM 2540D 09/03/10  13:00 MJV1 09/02/10  15:00

Microbiology

1Fecal Coliform Ct/100 ml SM 9222 D 09/01/10  14:00 MEJU 1 08/31/10  15:45

104686.19
Date/Time Collected 08/31/10

Sample Description DENIT-SU3

SAL Sample Number
10:00

Date/Time Received 08/31/10 14:50

Matrix Wastewater

Field Parameter

1,655Specific Conductance umhos/cm DEP FT1200 08/31/10  10:00 TDD0.1  
28.4Temperature C DEP FT1400 08/31/10  10:00 TDD0.1  
6.7pH SU DEP FT1100 08/31/10  10:00 TDD0.1  
0.1Dissolved Oxygen mg/l DEP FT1500 08/31/10  10:00 TDD0.01  

Inorganics

270Total Alkalinity as CaCO3 mg/l SM 2320B 08/31/10  16:00 KTC2
0.80Ammonia Nitrogen mg/l N EPA 350.1 09/02/10  09:41 SMB0.01  

2Carbonaceous BOD mg/l SM 5210 B 09/06/10  09:31 MEJU 2 09/01/10  11:00
39Chemical Oxygen Demand mg/l EPA 410.4 09/03/10  09:00 ARMI 10 09/03/10  09:00
4.5Hydrogen Sulfide (Unionized) mg/l SM 4500S F 09/01/10  14:00 KTC0.01  
7.0Sulfide mg/l SM 4500S F 09/01/10  14:00 KTC0.1  

0.039Nitrate-Nitrite (as N) mg/l EPA 353.2 09/01/10  11:00 SMBI 0.01  
550Sulfate mg/l EPA 300.0 09/03/10  23:49 MEJ0.2  

1,100Total Dissolved Solids mg/l SM 2540C 09/03/10  14:30 MJV10 09/01/10  12:00
2.0Total Kjeldahl Nitrogen mg/l N EPA 351.2 09/03/10  08:43 SMB0.05 09/01/10  08:35

Francis I. Daniels, Laboratory Director
Leslie C. Boardman, Q. A. Manager

FDOH Laboratory No. E84129
NELAP Accredited
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Hazen and Sawyer, PC
10002 Princess Palm Avenue
Suite 200
Tampa, FL  33619-

September 22, 2010
Project No:  104686

Southern Analytical Laboratories, inc.
110 BAYVIEW BOULEVARD, OLDSMAR, FL  34677        813-855-1844  fax 813-855-2218

 Laboratory Report 
Project Name PNRS II Wastewater System Analyses

Parameters ResultsUnits Method Date/Time 
Analyzed

AnalystDetection 
Limit

Date/Time
 Prep

104686.19
Date/Time Collected 08/31/10

Sample Description DENIT-SU3

SAL Sample Number
10:00

Date/Time Received 08/31/10 14:50

Matrix Wastewater

Inorganics

6.2Total Phosphorus mg/l P SM 4500P E 09/04/10  10:19 SMB0.01 09/02/10  08:00
1Total Suspended Solids mg/l SM 2540D 09/03/10  13:00 MJVU 1 09/02/10  15:00

Microbiology

1Fecal Coliform Ct/100 ml SM 9222 D 09/01/10  14:00 MEJ1 08/31/10  15:45

104686.20
Date/Time Collected 08/31/10

Sample Description DENIT-SU4

SAL Sample Number
10:25

Date/Time Received 08/31/10 14:50

Matrix Wastewater

Field Parameter

1,395Specific Conductance umhos/cm DEP FT1200 08/31/10  10:25 TDD0.1  
28.1Temperature C DEP FT1400 08/31/10  10:25 TDD0.1  
6.6pH SU DEP FT1100 08/31/10  10:25 TDD0.1  
0.2Dissolved Oxygen mg/l DEP FT1500 08/31/10  10:25 TDD0.01  

Inorganics

150Total Alkalinity as CaCO3 mg/l SM 2320B 08/31/10  16:00 KTC2
0.31Ammonia Nitrogen mg/l N EPA 350.1 09/02/10  09:41 SMB0.01  

2Carbonaceous BOD mg/l SM 5210 B 09/06/10  09:31 MEJU 2 09/01/10  12:15
22Chemical Oxygen Demand mg/l EPA 410.4 09/03/10  09:00 ARMI 10 09/03/10  09:00

0.01Hydrogen Sulfide (Unionized) mg/l SM 4500S F 09/01/10  14:00 KTCU 0.01  
0.1Sulfide mg/l SM 4500S F 09/01/10  14:00 KTCU 0.1  

0.091Nitrate-Nitrite (as N) mg/l EPA 353.2 09/01/10  11:00 SMB0.01  
550Sulfate mg/l EPA 300.0 09/04/10  00:06 MEJ0.2  
950Total Dissolved Solids mg/l SM 2540C 09/03/10  14:30 MJV10 09/01/10  12:00
1.3Total Kjeldahl Nitrogen mg/l N EPA 351.2 09/03/10  08:43 SMB0.05 09/01/10  08:35
3.2Total Phosphorus mg/l P SM 4500P E 09/04/10  10:19 SMB0.01 09/02/10  08:00

1Total Suspended Solids mg/l SM 2540D 09/03/10  13:00 MJVU 1 09/02/10  15:00

Microbiology

1Fecal Coliform Ct/100 ml SM 9222 D 09/01/10  14:00 MEJU 1 08/31/10  15:45

Francis I. Daniels, Laboratory Director
Leslie C. Boardman, Q. A. Manager

FDOH Laboratory No. E84129
NELAP Accredited
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Hazen and Sawyer, PC
10002 Princess Palm Avenue
Suite 200
Tampa, FL  33619-

September 22, 2010
Project No:  104686

Southern Analytical Laboratories, inc.
110 BAYVIEW BOULEVARD, OLDSMAR, FL  34677        813-855-1844  fax 813-855-2218

 Laboratory Report 
Project Name PNRS II Wastewater System Analyses

Parameters ResultsUnits Method Date/Time 
Analyzed

AnalystDetection 
Limit

Date/Time
 Prep

104686.21
Date/Time Collected 08/31/10

Sample Description DENIT-LS1

SAL Sample Number
09:20

Date/Time Received 08/31/10 14:50

Matrix Wastewater

Field Parameter

962Specific Conductance umhos/cm DEP FT1200 08/31/10  09:20 TDD0.1  
25.2Temperature C DEP FT1400 08/31/10  09:20 TDD0.1  
7.7pH SU DEP FT1100 08/31/10  09:20 TDD0.1  
0.2Dissolved Oxygen mg/l DEP FT1500 08/31/10  09:20 TDD0.01  

Inorganics

250Total Alkalinity as CaCO3 mg/l SM 2320B 08/31/10  16:00 KTC2
0.70Ammonia Nitrogen mg/l N EPA 350.1 09/02/10  09:41 SMB0.01  
3.9Carbonaceous BOD mg/l SM 5210 B 09/06/10  09:31 MEJ2 09/01/10  12:15
44Chemical Oxygen Demand mg/l EPA 410.4 09/03/10  09:00 ARM10 09/03/10  09:00

0.01Nitrate-Nitrite (as N) mg/l EPA 353.2 09/01/10  11:00 SMBU 0.01  
530Total Dissolved Solids mg/l SM 2540C 09/02/10  14:30 MJV10 09/01/10  11:30
1.8Total Kjeldahl Nitrogen mg/l N EPA 351.2 09/03/10  08:43 SMB0.05 09/01/10  08:35

0.46Total Phosphorus mg/l P SM 4500P E 09/04/10  10:19 SMB0.01 09/02/10  08:00
1Total Suspended Solids mg/l SM 2540D 09/03/10  13:00 MJVU 1 09/02/10  15:00

Microbiology

1Fecal Coliform Ct/100 ml SM 9222 D 09/01/10  14:00 MEJU 1 08/31/10  15:45

104686.22
Date/Time Collected 08/31/10

Sample Description DENIT-LS2

SAL Sample Number
09:50

Date/Time Received 08/31/10 14:50

Matrix Wastewater

Field Parameter

1,448Specific Conductance umhos/cm DEP FT1200 08/31/10  09:50 TDD0.1  
27.3Temperature C DEP FT1400 08/31/10  09:50 TDD0.1  
7.8pH SU DEP FT1100 08/31/10  09:50 TDD0.1  
4.1Dissolved Oxygen mg/l DEP FT1500 08/31/10  09:50 TDD0.01  

Inorganics

380Total Alkalinity as CaCO3 mg/l SM 2320B 08/31/10  16:00 KTC2
0.30Ammonia Nitrogen mg/l N EPA 350.1 09/02/10  09:41 SMB0.01  

2Carbonaceous BOD mg/l SM 5210 B 09/06/10  09:31 MEJU 2 09/01/10  12:15
24Chemical Oxygen Demand mg/l EPA 410.4 09/03/10  09:00 ARMI 10 09/03/10  09:00
29Nitrate-Nitrite (as N) mg/l EPA 353.2 09/01/10  11:00 SMB0.01  

Francis I. Daniels, Laboratory Director
Leslie C. Boardman, Q. A. Manager

FDOH Laboratory No. E84129
NELAP Accredited
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Hazen and Sawyer, PC
10002 Princess Palm Avenue
Suite 200
Tampa, FL  33619-

September 22, 2010
Project No:  104686

Southern Analytical Laboratories, inc.
110 BAYVIEW BOULEVARD, OLDSMAR, FL  34677        813-855-1844  fax 813-855-2218

 Laboratory Report 
Project Name PNRS II Wastewater System Analyses

Parameters ResultsUnits Method Date/Time 
Analyzed

AnalystDetection 
Limit

Date/Time
 Prep

104686.22
Date/Time Collected 08/31/10

Sample Description DENIT-LS2

SAL Sample Number
09:50

Date/Time Received 08/31/10 14:50

Matrix Wastewater

Inorganics

850Total Dissolved Solids mg/l SM 2540C 09/03/10  14:30 MJV10 09/02/10  09:30
3.1Total Kjeldahl Nitrogen mg/l N EPA 351.2 09/03/10  08:43 SMB0.05 09/01/10  08:35
5.7Total Phosphorus mg/l P SM 4500P E 09/04/10  10:19 SMB0.01 09/02/10  08:00

1Total Suspended Solids mg/l SM 2540D 09/03/10  13:00 MJVU 1 09/02/10  15:00

Microbiology

1Fecal Coliform Ct/100 ml SM 9222 D 09/01/10  14:00 MEJU 1 08/31/10  15:45

104686.23
Date/Time Collected 08/31/10

Sample Description DENIT-LS3

SAL Sample Number
10:15

Date/Time Received 08/31/10 14:50

Matrix Wastewater

Field Parameter

1,114Specific Conductance umhos/cm DEP FT1200 08/31/10  10:15 TDD0.1  
27.8Temperature C DEP FT1400 08/31/10  10:15 TDD0.1  
7.3pH SU DEP FT1100 08/31/10  10:15 TDD0.1  
1.3Dissolved Oxygen mg/l DEP FT1500 08/31/10  10:15 TDD0.01  

Inorganics

220Total Alkalinity as CaCO3 mg/l SM 2320B 08/31/10  16:00 KTC2
0.15Ammonia Nitrogen mg/l N EPA 350.1 09/02/10  09:41 SMB0.01  

2Carbonaceous BOD mg/l SM 5210 B 09/06/10  09:31 MEJU 2 09/01/10  12:15
29Chemical Oxygen Demand mg/l EPA 410.4 09/03/10  09:00 ARMI 10 09/03/10  09:00
31Nitrate-Nitrite (as N) mg/l EPA 353.2 09/01/10  11:00 SMB0.01  

680Total Dissolved Solids mg/l SM 2540C 09/03/10  14:30 MJV10 09/02/10  09:30
3.2Total Kjeldahl Nitrogen mg/l N EPA 351.2 09/03/10  08:43 SMB0.05 09/01/10  08:35
3.3Total Phosphorus mg/l P SM 4500P E 09/04/10  10:19 SMB0.01 09/02/10  08:00

1Total Suspended Solids mg/l SM 2540D 09/03/10  13:00 MJVU 1 09/02/10  15:00

Microbiology

1Fecal Coliform Ct/100 ml SM 9222 D 09/01/10  14:00 MEJU 1 08/31/10  15:45

Francis I. Daniels, Laboratory Director
Leslie C. Boardman, Q. A. Manager

FDOH Laboratory No. E84129
NELAP Accredited
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Hazen and Sawyer, PC
10002 Princess Palm Avenue
Suite 200
Tampa, FL  33619-

September 22, 2010
Project No:  104686

Southern Analytical Laboratories, inc.
110 BAYVIEW BOULEVARD, OLDSMAR, FL  34677        813-855-1844  fax 813-855-2218

 Laboratory Report 
Project Name PNRS II Wastewater System Analyses

Parameters ResultsUnits Method Date/Time 
Analyzed

AnalystDetection 
Limit

Date/Time
 Prep

104686.24
Date/Time Collected 08/31/10

Sample Description DENIT-LS4

SAL Sample Number
09:40

Date/Time Received 08/31/10 14:50

Matrix Wastewater

Field Parameter

1,120Specific Conductance umhos/cm DEP FT1200 08/31/10  09:40 TDD0.1  
27.1Temperature C DEP FT1400 08/31/10  09:40 TDD0.1  
7.6pH SU DEP FT1100 08/31/10  09:40 TDD0.1  
0.4Dissolved Oxygen mg/l DEP FT1500 08/31/10  09:40 TDD0.01  

Inorganics

360Total Alkalinity as CaCO3 mg/l SM 2320B 08/31/10  16:00 KTC2
33Ammonia Nitrogen mg/l N EPA 350.1 09/02/10  09:41 SMB0.01  

2Carbonaceous BOD mg/l SM 5210 B 09/06/10  09:31 MEJU 2 09/01/10  12:15
35Chemical Oxygen Demand mg/l EPA 410.4 09/03/10  09:00 ARMI 10 09/03/10  09:00

0.17Nitrate-Nitrite (as N) mg/l EPA 353.2 09/01/10  11:00 SMB0.01  
430Total Dissolved Solids mg/l SM 2540C 09/03/10  14:30 MJV10 09/02/10  09:30
67Total Kjeldahl Nitrogen mg/l N EPA 351.2 09/03/10  08:43 SMB0.05 09/01/10  08:35
6.9Total Phosphorus mg/l P SM 4500P E 09/04/10  10:19 SMB0.01 09/02/10  08:00

1Total Suspended Solids mg/l SM 2540D 09/03/10  13:00 MJVU 1 09/02/10  15:00

Microbiology

12Fecal Coliform Ct/100 ml SM 9222 D 09/01/10  14:00 MEJ1 08/31/10  15:45

104686.25
Date/Time Collected 08/31/10

Sample Description DENIT-GL1

SAL Sample Number
09:30

Date/Time Received 08/31/10 16:25

Matrix Wastewater

Field Parameter

1,686Specific Conductance umhos/cm DEP FT1200 08/31/10  09:30 TDD0.1  
25.2Temperature C DEP FT1400 08/31/10  09:30 TDD0.1  
6.4pH SU DEP FT1100 08/31/10  09:30 TDD0.1  
0.0Dissolved Oxygen mg/l DEP FT1500 08/31/10  09:30 TDD0.01  

Inorganics

660Total Alkalinity as CaCO3 mg/l SM 2320B 09/04/10  08:30 KTC2
29Ammonia Nitrogen mg/l N EPA 350.1 09/02/10  09:41 SMB0.01  

810Carbonaceous BOD mg/l SM 5210 B 09/06/10  09:31 MEJ2 09/01/10  12:15
1100Chemical Oxygen Demand mg/l EPA 410.4 09/03/10  09:00 ARM10 09/03/10  09:00
0.076Nitrate-Nitrite (as N) mg/l EPA 353.2 09/01/10  11:00 SMB0.01  

Francis I. Daniels, Laboratory Director
Leslie C. Boardman, Q. A. Manager

FDOH Laboratory No. E84129
NELAP Accredited
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Hazen and Sawyer, PC
10002 Princess Palm Avenue
Suite 200
Tampa, FL  33619-

September 22, 2010
Project No:  104686

Southern Analytical Laboratories, inc.
110 BAYVIEW BOULEVARD, OLDSMAR, FL  34677        813-855-1844  fax 813-855-2218

 Laboratory Report 
Project Name PNRS II Wastewater System Analyses

Parameters ResultsUnits Method Date/Time 
Analyzed

AnalystDetection 
Limit

Date/Time
 Prep

104686.25
Date/Time Collected 08/31/10

Sample Description DENIT-GL1

SAL Sample Number
09:30

Date/Time Received 08/31/10 16:25

Matrix Wastewater

Inorganics

1,200Total Dissolved Solids mg/l SM 2540C 09/03/10  14:30 MJV10 09/02/10  09:30
66Total Kjeldahl Nitrogen mg/l N EPA 351.2 09/03/10  08:43 SMB0.05 09/01/10  08:35
2.9Total Phosphorus mg/l P SM 4500P E 09/04/10  10:19 SMB0.01 09/02/10  08:00

100Total Suspended Solids mg/l SM 2540D 09/03/10  13:00 MJV1 09/02/10  15:00

Microbiology

800Fecal Coliform Ct/100 ml SM 9222 D 09/01/10  14:00 MEJZ 1 08/31/10  15:45

104686.26
Date/Time Collected 08/31/10

Sample Description DFT

SAL Sample Number
14:30

Date/Time Received 08/31/10 16:25

Matrix Wastewater

Field Parameter

1,020Specific Conductance umhos/cm DEP FT1200 08/31/10  14:30 TDD0.1  
28.1Temperature C DEP FT1400 08/31/10  14:30 TDD0.1  
7.6pH SU DEP FT1100 08/31/10  14:30 TDD0.1  
7.4Dissolved Oxygen mg/l DEP FT1500 08/31/10  14:30 TDD0.01  

Inorganics

130Total Alkalinity as CaCO3 mg/l SM 2320B 09/04/10  08:30 KTC2
0.01Ammonia Nitrogen mg/l N EPA 350.1 09/02/10  09:41 SMBU 0.01  

2Carbonaceous BOD mg/l SM 5210 B 09/06/10  09:31 MEJU 2 09/01/10  13:30
18Chemical Oxygen Demand mg/l EPA 410.4 09/03/10  09:00 ARMI 10 09/03/10  09:00

0.01Hydrogen Sulfide (Unionized) mg/l SM 4500S F 09/01/10  14:00 KTCU 0.01  
0.1Sulfide mg/l SM 4500S F 09/01/10  14:00 KTCU 0.1  
40Nitrate-Nitrite (as N) mg/l EPA 353.2 09/01/10  11:00 SMB0.01  
52Sulfate mg/l EPA 300.0 09/03/10  03:03 MEJ0.2  

660Total Dissolved Solids mg/l SM 2540C 09/03/10  14:30 MJV10 09/02/10  09:30
2.8Total Kjeldahl Nitrogen mg/l N EPA 351.2 09/03/10  08:43 SMB0.05 09/01/10  08:35
6.5Total Phosphorus mg/l P SM 4500P E 09/04/10  10:19 SMB0.01 09/02/10  08:00

1Total Suspended Solids mg/l SM 2540D 09/03/10  13:00 MJVU 1 09/02/10  15:00

Microbiology

1Fecal Coliform Ct/100 ml SM 9222 D 09/01/10  17:00 MEJU 1 08/31/10  18:15

Francis I. Daniels, Laboratory Director
Leslie C. Boardman, Q. A. Manager

FDOH Laboratory No. E84129
NELAP Accredited
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Hazen and Sawyer, PC
10002 Princess Palm Avenue
Suite 200
Tampa, FL  33619-

September 22, 2010
Project No:  104686

Southern Analytical Laboratories, inc.
110 BAYVIEW BOULEVARD, OLDSMAR, FL  34677        813-855-1844  fax 813-855-2218

 Laboratory Report 
Project Name PNRS II Wastewater System Analyses

Parameters ResultsUnits Method Date/Time 
Analyzed

AnalystDetection 
Limit

Date/Time
 Prep

104686.27
Date/Time Collected 08/31/10

Sample Description DENIT LS4 Duplicate

SAL Sample Number
09:40

Date/Time Received 08/31/10 16:25

Matrix Wastewater

Inorganics

350Total Alkalinity as CaCO3 mg/l SM 2320B 09/04/10  08:30 KTC2
2Carbonaceous BOD mg/l SM 5210 B 09/06/10  09:31 MEJU 2 09/01/10  13:30

420Total Dissolved Solids mg/l SM 2540C 09/03/10  14:30 MJV10 09/02/10  09:30
1Total Suspended Solids mg/l SM 2540D 09/03/10  13:00 MJVU 1 09/02/10  15:00

104686.28
Date/Time Collected 08/31/10

Sample Description Field Blank

SAL Sample Number
08:30

Date/Time Received 08/31/10 16:25

Matrix Reagent Water

Inorganics

2Total Alkalinity as CaCO3 mg/l SM 2320B 09/04/10  08:30 KTCU 2  
0.01Ammonia Nitrogen mg/l N EPA 350.1 09/02/10  09:41 SMBU 0.01  

2Carbonaceous BOD mg/l SM 5210 B 09/06/10  09:31 MEJU 2 09/01/10  13:30
10Chemical Oxygen Demand mg/l EPA 410.4 09/03/10  09:00 ARMU 10 09/03/10  09:00

0.01Nitrate-Nitrite (as N) mg/l EPA 353.2 09/01/10  11:00 SMBU 0.01  
0.2Sulfate mg/l EPA 300.0 09/03/10  03:20 MEJU 0.2  
0.1Sulfide, Total mg/l SM 4500S F 09/01/10  14:00 KTCU 0.1  
10Total Dissolved Solids mg/l SM 2540C 09/03/10  14:30 MJVU 10 09/02/10  09:30

0.05Total Kjeldahl Nitrogen mg/l N EPA 351.2 09/03/10  08:43 SMBU 0.05 09/01/10  08:35
0.01Total Phosphorus mg/l P SM 4500P E 09/04/10  10:19 SMBU 0.01 09/02/10  08:00

1Total Suspended Solids mg/l SM 2540D 09/03/10  13:00 MJVU 1 09/02/10  15:00

Francis I. Daniels, Laboratory Director
Leslie C. Boardman, Q. A. Manager

FDOH Laboratory No. E84129
NELAP Accredited
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Hazen and Sawyer, PC
10002 Princess Palm Avenue
Suite 200
Tampa, FL  33619-

September 22, 2010
Project No:  104686

Southern Analytical Laboratories, inc.
110 BAYVIEW BOULEVARD, OLDSMAR, FL  34677        813-855-1844  fax 813-855-2218

 Laboratory Report 
Project Name PNRS II Wastewater System Analyses

Parameters ResultsUnits Method Date/Time 
Analyzed

AnalystDetection 
Limit

Date/Time
 Prep

104686.29
Date/Time Collected 08/31/10

Sample Description Equipment Blank

SAL Sample Number
08:40

Date/Time Received 08/31/10 16:25

Matrix Reagent Water

Inorganics

2Total Alkalinity as CaCO3 mg/l SM 2320B 09/03/10  13:30 KTCU 2  
0.01Ammonia Nitrogen mg/l N EPA 350.1 09/02/10  09:41 SMBU 0.01  

2Carbonaceous BOD mg/l SM 5210 B 09/06/10  09:31 MEJU 2 09/01/10  13:30
10Chemical Oxygen Demand mg/l EPA 410.4 09/03/10  09:00 ARMU 10 09/03/10  09:00

0.01Nitrate-Nitrite (as N) mg/l EPA 353.2 09/01/10  11:00 SMBU 0.01  
0.2Sulfate mg/l EPA 300.0 09/03/10  03:37 MEJU 0.2  
0.1Sulfide, Total mg/l SM 4500S F 09/01/10  14:00 KTCU 0.1  
10Total Dissolved Solids mg/l SM 2540C 09/03/10  14:30 MJVU 10 09/02/10  09:30

0.05Total Kjeldahl Nitrogen mg/l N EPA 351.2 09/03/10  08:43 SMBU 0.05 09/01/10  08:35
0.01Total Phosphorus mg/l P SM 4500P E 09/04/10  10:19 SMBU 0.01 09/02/10  08:00

1Total Suspended Solids mg/l SM 2540D 09/03/10  13:00 MJVU 1 09/02/10  15:00

104686.30
Date/Time Collected 08/31/10

Sample Description UNSAT CL4 Duplicate

SAL Sample Number
10:55

Date/Time Received 08/31/10 16:25

Matrix Wastewater

Inorganics

0.01Ammonia Nitrogen mg/l N EPA 350.1 09/02/10  09:41 SMBU 0.01  
18Chemical Oxygen Demand mg/l EPA 410.4 09/03/10  09:00 ARMI 10 09/03/10  09:00
43Nitrate-Nitrite (as N) mg/l EPA 353.2 09/01/10  11:00 SMB0.01  
2.2Total Kjeldahl Nitrogen mg/l N EPA 351.2 09/03/10  08:43 SMB0.05 09/01/10  08:35
7.4Total Phosphorus mg/l P SM 4500P E 09/04/10  10:19 SMB0.01 09/02/10  08:00

104686.31
Date/Time Collected 08/31/10

Sample Description UNSAT EC1 Duplicate

SAL Sample Number
12:40

Date/Time Received 08/31/10 16:25

Matrix Wastewater

Microbiology

1Fecal Coliform Ct/100 ml SM 9222 D 09/01/10  17:00 MEJ1 08/31/10  18:15

Francis I. Daniels, Laboratory Director
Leslie C. Boardman, Q. A. Manager

FDOH Laboratory No. E84129
NELAP Accredited
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10002 Princess Palm Avenue
Suite 200
Tampa, FL  33619-

September 22, 2010
Project No:  104686

Southern Analytical Laboratories, inc.
110 BAYVIEW BOULEVARD, OLDSMAR, FL  34677        813-855-1844  fax 813-855-2218

 Laboratory Report 
Project Name PNRS II Wastewater System Analyses

Parameters ResultsUnits Method Date/Time 
Analyzed

AnalystDetection 
Limit

Date/Time
 Prep

104686.32
Date/Time Collected 08/31/10

Sample Description UNSAT CL1 Duplicate

SAL Sample Number
12:30

Date/Time Received 08/31/10 16:25

Matrix Wastewater

Microbiology

10Fecal Coliform Ct/100 ml SM 9222 D 09/01/10  17:00 MEJ1 08/31/10  18:15

Francis I. Daniels, Laboratory Director
Leslie C. Boardman, Q. A. Manager

FDOH Laboratory No. E84129
NELAP Accredited
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Hazen and Sawyer, PC
10002 Princess Palm Avenue
Suite 200
Tampa, FL  33619-

September 22, 2010
Project No:  104686

Southern Analytical Laboratories, inc.
110 BAYVIEW BOULEVARD, OLDSMAR, FL  34677        813-855-1844  fax 813-855-2218

 Laboratory Report 
Project Name PNRS II Wastewater System Analyses

Footnotes

# Questions regarding this report should be directed to Client Services at 813-855-1844.
* Test results presented in this report meet all the requirements of the NELAC standards. Test results within this report relate

only to these samples.
** A statement of estimated uncertainty of test results is available upon request.
*** For methods marked with ***, all QC criteria have been met for this method which is equivalent to a SAL certified method.
B Results based upon colony counts outside the method indicated ideal range.
D1 Measurement was made in the field.  Data supplied by client.
I The reported value is between the laboratory method detection limit and the laboratory practical quantitation limit.
U Analyte was undetected. Indicated concentration is method detection limit.
Z Too many colonies were present.  The numeric value represents the dilution factor times the maximum reportable number 

of colonies.

Francis I. Daniels, Laboratory Director
Leslie C. Boardman, Q. A. Manager

FDOH Laboratory No. E84129
NELAP Accredited

Approved By:  
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SOUTHERN ANALYTICAL LABORATORIES, INC.          
110 BAYVIEW BOULEVARD, OLDSMAR, FL 34677   813-855-1844   fax 813-855-2218

Hazen and Sawyer, PC
10002 Princess Palm Avenue Suite 200 Project No:  104686
Tampa FL 33619 ###

September 22, 2010

PNRS II Wastewater System AnalysesTampa, FL,  33619-   ###

#N/A #N/A #N/A #N/A # #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

P j t M t i % C t l Li it %

Laboratory Quality Assurance Report
Results and Limits

R %

      PNRS II Wastewater System Analyses

Project Matrix %  Control Limits %
QC Batch Date Samples Method Parameter Units Blank Original LCS LCSD MS MSD RPD Recovery RPD

QC77499 09/02/10 104686.07-.16, .26, 
.28, .29

EPA 300.0 Sulfate mg/l 0.2 U 104850.04 97 98 107 #N/A 1 90-110 10

QC77517 09/03/10 104686.06, .17-.20 EPA 300.0 Sulfate mg/l 0.2 U 104695.04 98 109 102 #N/A 11 90-110 10
QC77509 09/02/10 104686.01 - .30 EPA 350.1 Ammonia Nitrogen mg/l N 0.01 U 104686.28 101 #N/A 104 108 4 90-110 10

Recovery, %

g g
QC77509 09/02/10 104686.01 - .30 EPA 350.1 Ammonia Nitrogen mg/l N 0.01 U 104686.29 101 #N/A 102 102 0 90-110 10
QC77518 09/03/10 104686.01-.30 EPA 351.2 Total Kjeldahl Nitrogen mg/l N 0.05 U 104677.01 102 #N/A 101 98 3 90-110 10
QC77591 09/09/10 104686.07 EPA 351.2 Total Kjeldahl Nitrogen mg/l N 0.05 U 104681.02 103 #N/A 107 110 3 90-110 10
QC77501 09/01/10 104686.01-.30 SM 4500-NO2 B Nitrate-Nitrite (as N) mg/l 0.01 U 104686.28 96 #N/A 95 98 3 90-110 10
QC77520 09/03/10 104686.07 SM 4500-NO2 B Nitrate-Nitrite (as N) mg/l 0.01 U 104815.01 99 #N/A 97 93 4 90-110 10
QC77475 09/01/10 104686.02 - .06, .08 - 

16
EPA 410.4 Chemical Oxygen Demand mg/l 10 U 104558.01 100 #N/A 86 108 23 90-110 32

.16
QC77519 09/03/10 104686.01, .07, .17 - 

.30
EPA 410.4 Chemical Oxygen Demand mg/l 10 U 104789.01 100 #N/A 95 90 5 90-110 32

QC77480 08/31/10 104686.13 - .24 SM 2320B Total Alkalinity as CaCO3 mg/l 2 U 104686.13 95 102 95 95 7 90-110 26
QC77534 09/03/10 104686.01 - .12, .29 SM 2320B Total Alkalinity as CaCO3 mg/l 2 U 104686.29 104 100 95 95 4 90-110 26
QC77535 09/04/10 104686.28 - .28 SM 2320B Total Alkalinity as CaCO3 mg/l 2 U 104686.28 95 96 104 104 1 90-110 26
QC77512 09/02/10 104686.0-104686.2 SM 2540C Total Dissolved Solids mg/l 10 U #N/A 100 #N/A #N/A #N/A #N/A 90-110 24g
QC77528 09/03/10 104686.1-104686.2 SM 2540C Total Dissolved Solids mg/l 10 U #N/A 100 0 #N/A #N/A 200 90-110 24
QC77581 09/08/10 104686.0 SM 2540C Total Dissolved Solids mg/l 10 U #N/A 101 #N/A #N/A #N/A #N/A 90-110 24
QC77503 09/02/10 104686.0-104686.1 SM 2540D Total Suspended Solids mg/l 1 U #N/A 110 #N/A #N/A #N/A #N/A 85-115 30
QC77530 09/03/10 104686.1-104686.2 SM 2540D Total Suspended Solids mg/l 1 U #N/A 94 #N/A #N/A #N/A #N/A 85-115 30
QC77564 09/08/10 104686.0 SM 2540D Total Suspended Solids mg/l 1 U #N/A 94 #N/A #N/A #N/A #N/A 85-115 30
QC77569 09/04/10 104686.01-.30 SM 4500P E Total Phosphorus mg/l P 0.01 U 104686.20 91 #N/A 103 101 2 75-125 25
QC77594 09/09/10 104686 07 SM 4500P E Total Phosphorus mg/l P 0 01 U 104681 02 99 #N/A 99 98 1 75-125 25QC77594 09/09/10 104686.07 SM 4500P E Total Phosphorus mg/l P 0.01 U 104681.02 99 #N/A 99 98 1 75-125 25
QC77489 09/01/10 104686.01-.30 SM 4500S F Sulfide, Total mg/l 0.1 U 104686.29 103 #N/A 92 92 0 85-115 14
QC77585 09/08/10 104686.07 SM 4500S F Sulfide, Total mg/l 0.1 U 104686.07 94 #N/A 94 94 0 85-115 14
QC77538 09/06/10 104686.17 - .29 SM 5210 B Carbonaceous BOD mg/l 2 U #N/A 96 93 #N/A #N/A 3 85-115 25
QC77543 09/07/10 104686.01 - .06, .08 - 

.16
SM 5210 B Carbonaceous BOD mg/l 2 U #N/A 88 93 #N/A #N/A 6 85-115 25

QC77572 09/08/10 104686.07 SM 5210 B Carbonaceous BOD mg/l 2 U #N/A 94 96 #N/A #N/A 2 85-115 25g

FDOH Laboratory No: E84129
NELAP Accredited 1 of  1

Francis I. Daniels, Laboratory Manager
Leslie C. Boardman, Q.A. Manager
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FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY PAGE 1-1 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 2 HAZEN AND SAWYER, P.C. 

PNRS II Test Facility 
Data Summary Report No. 3 

1.0 Background 
Task A of the Florida Onsite Sewage Nitrogen Reduction Strategies Study includes the 
evaluation of passive treatment systems to remove nitrogen from septic tank effluent. 
The Passive Nitrogen Removal Study II (PNRS II) is a follow-up to the previous experi-
mental evaluations of passive nitrogen removal technologies conducted in Passive Ni-
trogen Removal Study I. The objective of the PNRS II study is to extend and expand into 
field pilot testing the two-stage biofiltration process that was initiated in PNRS I.  A 
unique test facility was constructed for the purpose of this evaluation. The Task A.15 
PNRS II Quality Assurance Project Plan (QAPP) documents the objectives, experimental 
biofiltration systems, monitoring framework, sample frequency and duration, and analyti-
cal methods to be used at the PNRS II Test Facility.  

2.0 Purpose 
This data summary report documents data that was collected in the PNRS II monitoring 
and sampling event which was conducted November 10, 2010.   The corresponding 
sample event report was submitted as Sample Event Report No. 3, November 2010, as 
a deliverable under Task A.25.  The monitoring event consisted of an assessment and 
evaluation of PNRS II operation, measurement of flowrates for all systems, measure-
ment of field parameters, collection of biofilter influent and effluent samples, and their 
analyses in a NELAC certified laboratory. 

3.0 Materials and Methods 

3.1 Project Site 
The PNRS II Test Facility is located at the University of Florida Gulf Coast Research and 
Education Center (GCREC) in southeast Hillsborough County, Florida. The specially de-
signed facility enables the simultaneous operation and performance testing of numerous 
biofilter treatment trains in parallel using the same wastewater source.  The source of 
the influent wastewater is the septic tank effluent from the existing onsite wastewater 
system serving the GCREC.  Details of the design and construction of the PNRS II test 
facility were presented previously in Task A.17, A.18, A.19 and A.24 documents.   
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 December 2010 

FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY PAGE 1-2 
PNRS II TEST FACILITY DATA SUJMMARY REPORT NO. 3 HAZEN AND SAWYER, P.C. 

3.2 Modifications of PNRS II Systems 
The results of Sample Event No. 1 and 2 and careful observation of PNRS II systems 
were used to formulate recommendations for modifications to the test systems at the 
GCREC pilot facility.  The modifications that were made are presented in this section.  
All recommendations were based on the overall goal of PNRS II: to provide functional 
specifications for modular biofiltration components for passive onsite nitrogen reducing 
treatment systems.  

3.2.1 Septic Tank Effluent (STE) Quality  
In PNRS II biofilter performance evaluation, the two highly important input factors are the 
composition of Septic Tank Effluent (STE) and the system flowrates.  It has been verified 
in Sample Events 1, 2 and 3 that target flow rates have in general been successfully 
achieved. Composition of STE at the GCREC site is continuing to provide a challenge. 
Sample Event No. 1 revealed that GCREC Septic Tank Effluent exhibited low concentra-
tions of key parameters when compared to typical residential STE. Examination of 
GCREC records indicated unexpectedly high wastewater flowrates.  Upon further inves-
tigation, it was found that condensate from the facility air conditioning (A/C) system was 
draining into the wastewater collection system and diluting the GCREC wastewater. The 
A/C condensate from GCREC air conditioning units was rerouted in mid July and no 
longer discharges to the wastewater collection system. Following removal of conden-
sate, the influent feed to the PNRS II systems (GCREC STE) was more characteristic of 
typical STE from single family residences.  The nitrogen concentrations in the STE feed 
was as high or higher than typical STE.  However, some STE parameters continued to 
show relatively low values. TSS, CBOD5, and COD were on the lower end of the range 
for typical STE. 
 
Multiple approaches were pursued to address STE quality issues. The following modifi-
cations were implemented in mid-October to address STE quality issues as depicted in 
Figure 1:  

a. A hydraulic modification was made to the two-chamber PNRS II dosing tank 
(Tank 1). Prior to the modification, STE from the GCREC tank entered the first 
chamber of the PNRS II dosing tank and then flowed to the second chamber that 
contained the PNRS II dosing pumps.  To decrease the residence time of STE in 
the PNRS II dosing tank, a new pipe was installed to direct STE from the GCREC 
tank directly to the second chamber in the PNRS II dosing tank.   

b. Additionally, Pump 1, which withdraws STE from the GCREC wastewater sys-
tem, was relocated from its previous withdrawal location to an upstream with-
drawal tank. 
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FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY PAGE 1-3 
PNRS II TEST FACILITY DATA SUJMMARY REPORT NO. 3 HAZEN AND SAWYER, P.C. 

These modifications were intended to provide influent STE to the PNRS II systems that 
more closely approximates the characteristics of STE typical of single family residences 
in Florida. 

 

 
 

Figure 1 
STE Modifications 

3.2.2 Polystyrene Biofilter (UNSAT-PS1)  
In Sample Event 1, the unsaturated single pass biofilter with polystyrene media (UNSAT-
PS1) exhibited limited reduction of organic nitrogen and ammonia as well as a lower ef-
fluent dissolved oxygen than the other single pass Stage 1 unsaturated biofilters.  Visual 
observations of the media surface suggested that the STE application system resulted in 
a majority of dosing in the central area of the horizontal cross section of media surface.  
Flow monitoring confirmed that water transported rapidly through the polystyrene media 
following an applied STE dose, unlike the other single pass Stage 1 biofilters.  This not 
unexpected result can be attributed to the much larger media size of polystyrene media 
and its limited water retention characteristics versus other Stage 1 media.  The results of 
Sample Event 2 also showed unacceptable performance of the polystyrene biofilter as 
currently configured.  Devices to more uniformly distribute the flow were investigated.  
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PNRS II TEST FACILITY DATA SUJMMARY REPORT NO. 3 HAZEN AND SAWYER, P.C. 

Upon further evaluation and analyses, however, it was concluded that the properties of 
polystyrene media would not be compatible with a practical single pass unsaturated bio-
filter, and that polystyrene media could more be feasibly deployed in a recirculation bio-
filter configuration. 
 
The following modifications were implemented to the polystyrene biofilter system in mid-
October as depicted in Figure 2:  

a. Addition of recirculation pump 
b. ½” piping from pump to recirculation tank with flowmeter 
c. Addition of recirculation tank 
d. Addition of pump tank 

 
Effluent from the re-configured polystyrene biofilter will continue to be directed to the 
coupled Stage 2 biofilter DENIT-LS4. The outcome of these efforts will be to provide 
evaluation of total nitrogen reduction using a recirculating Stage 1 biofilter with polysty-
rene media that is directly coupled to a Stage 2 denitrification biofilter.  
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Figure 2 
UNSAT-PS1 Modifications 

 

3.2.3 Upflow Denitrification Biofilters (DENIT-LS2, DENIT-LS3) 
Two upflow denitrification biofilters with lignocellulosic media showed limited NOx reduc-
tion in Sample Event 2.  Possible explanations are inadequate flow distribution across 
the biofilter area, lack of adequate electron donor release from media, and inhibition due 
to release of chemical constituents from the media.  The project team initially employed 
dye tests to visually determine if there is a tendency for effluent to exit the biofilter media 
in a concentrated form at specific locations.  An example is preferential flow along the 
biofilter walls, which would lead to low water residence times and limited contact with 
media.  A dye test was employed October 19th through October 25th (see Figures 3 
through 13) for both DENIT-LS2 and LS3 biofilters. Fluorescent red dye (rhodamine WT) 
was used at a concentration of 1 mL per gallon (see Figure 3) to visually determine if 
there is a tendency for effluent to exit the biofilter in specific locations. At 8:00 am on Oc-
tober 19th, a solution of 30 mL red dye in 1 liter of distilled water was added in the sam-
ple port upstream of the two biofilters. During monitoring of the biofilters, DENIT-LS-2 
exhibited short-circuiting along the walls at 3:30 pm on October 19th (see Figure 5). DE-
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NIT-LS3 did not exhibit short-circuiting and began showing dye in the effluent fairly un-
iformly at approximately 10:00 pm on October 19th.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 
Rhodamine WT Dye at 1 mL per Gallon Concentration 

  
 
 
 
 
 
 
 
 
 
 

Figure 4 
LS2 and LS3 at 8:22 am, October 19th 

 
 
 

LS3 LS2 
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Figure 5 
LS2 at 3:56 pm, October 19th 

 

Figure 6 
LS2 and LS3 at 7:26 pm, October 19th 

 
 
 
 
 
 
 
 
 
Figure 7 

LS2 and LS3 at 12:00 am, October 20th 

LS2 LS2 

LS2 LS3 

LS3 
LS2
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Figure 8 
LS2 and LS3 at 7:00 am, October 20th 

 

 
 
 
 
 
 
 

Figure 9 
LS2 and LS3 at 12:00 pm, October 20th 

 
 
 
 
 
 
 
 
 

Figure 10 
LS2 and LS3 effluent at 12:00 pm, October 20th, 

relative to influent dye solution on right 

LS3 LS2 

LS2 LS3 
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Figure 11 

LS2 and LS3 effluent at 9:00 am, October 21st 
 
 
 
 
 
 
 
 

Figure 12 
LS2 and LS3 effluent at 9:27 am, October 22nd 

 
 
 
 
 
 
 
 
 

Figure 13 
LS2 and LS3 effluent at 8:39 am, October 25th 
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The results indicated that flow distribution is a concern in DENIT-LS2. The following 
modifications were implemented as depicted in Figure 14:  

a. Replaced media within DENIT-LS2 biofilter  
i. Media mix = 25% Lignocellulosic, 75% Expanded Clay >1.13 mm 

b. Glued expanded clay fines to sides of walls to prevent short circuiting 
c. Added perforated discharge pipe to bottom inlet along entire length of bottom of 

tank 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 14 
DENIT-LS2 Biofilter Modifications 

3.2.4 Glycerol Fed Horizontal Denitrification Biofilter (DENIT-GL1) 
In Sample Event 2, the effluent NOx-N was less than 0.1 mg/L from the glycerol supplied 
saturated horizontal denitrification biofilter.  However, the effluent COD and CBOD5 were 
quite high (1,100 mg/L and 810, respectively), and other water quality parameters exhi-
bited puzzling results. A possible explanation for the high levels of bulk organic parame-
ters was determined to be glycerol dosing.  The strategy for DENIT-GL1 was to supply 
glycerol in excess and to reduce the dosing level once denitrification was established.  It 
therefore appeared likely that glycerol dosing could account for at least a portion of the 
elevated COD and CBOD5 in the effluent. The project team performed a complete review 
of glycerol dosing including a) evaluation of stoichiometric glycerol requirement for influ-
ent oxygen, nitrate and other electron acceptors, b) dosing rates and glycerol stock solu-
tion concentrations, and c) measured glycerol stock reservoir depletion rates.  Upon the 
review, the glycerol dosing solution concentration was lowered to 13.5 mL of 99% glyce-
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rol per liter of dosing solution at the end of October. In Sample Event 3, the effluent NOx-
N was still less than 0.1 mg/L and COD and CBOD5 were significantly lowered to 22 
mg/L and 3 mg/L respectively.  

3.2.5 Replace Alkalinity Supplement (DENIT-SU4, DENIT-SU2)  
Sodium sesquicarbonate was supplied as alkalinity supplement in one upflow denitrifica-
tion biofilter (DENIT-SU4) and one horizontal denitrification biofilter (DENIT-SU2).  So-
dium sesquicarbonate had exhibited a relatively rapid dissolution rate and possibly re-
precipitation in preliminary testing.  Sodium sesquicarbonate dissolution rates were too 
rapid to enable this media to be applied in passive PNRS II systems that are intended for 
long term deployment. Therefore, limestone will be tested as a replacement for sodium 
sesquicarbonate in DENIT-SU4 and DENIT-SU2. Additionally, the sulfur content in the 
biofilters will be reduced to 30%. 
 
The following modifications were implemented as depicted in Figures 15 and 16:  

a. Replaced media within DENIT-SU4 upflow biofilter (see Figure 15)  
i. Media mix: 10% limestone, 30% elemental sulfur, 60% Expanded Clay 

>1.13 mm  
b. Replaced media within DENIT-SU2 horizontal biofilter (see Figure 16) 

i. Media mix: 10% limestone, 30% elemental sulfur, 60% Expanded Clay 
>1.13 mm 

 
The outcome of these modifications will be evaluation of DENIT-SU4 and DENIT-SU-2 
denitrification biofilters that are suitable for long term on-site deployment. 
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Figure 15  

DENIT-SU4 Upflow Biofilter Modifications 

 
 

 
Figure 16 

DENIT-SU2 Horizontal Biofilter Modifications 
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3.2.6 In-Situ Simulator Effluent Sulfate Concentration (UNSAT-IS3, UNSAT-IS4) 
In-Situ Simulators contain vertically stacked media layers intended to affect enhanced 
simultaneous nitrification and denitrification in a single pass vertical downflow system.  
The concept of employing a vertically stacked media configuration is to accomplish nitri-
fication and organics oxidation in an upper unsaturated media layer, which then supplies 
nitrified water to one or more underlying layers containing denitrification media.  The en-
hancement of nitrification/denitrification is due to the inclusion of electron donor (i.e. lig-
nocellulosic material and/or elemental sulfur) in the unsaturated media in the lower layer.  
The In-Situ Simulators deployed a mixed media of expanded clay, lignocellulosic materi-
al and elemental sulfur in an unsaturated condition in the lower layer. It was anticipated 
that placement of sulfur in an unsaturated location would enable oxygen ingress and 
greater sulfur oxidation than if sulfur were maintained in a saturated condition.  High ef-
fluent SO4 levels were anticipated but the extent to which this would occur was not 
known. 

In Sample Event 1, UNSAT-IS1 and UNSAT-IS2 both produced very low NH3-N, NOx-N and 
organic nitrogen concentrations, but sulfate levels were high.  In an attempt to decrease 
sulfur oxidation in the lower layer, the discharge pipe of both In-Situ Simulators was 
modified on July 20th to saturate the lower 12” of the media bed.  The denitrification me-
dia was fully encompassed within the saturated layer.  The results of Sample Event 2 
showed that effluent sulfate levels decreased.  The modification resulted in increase of 
ammonia to 20 mg/L in UNSAT-IS1 that receives STE. 

The overall PNRS II objective is to incorporate PNRS II results into the design of full 
scale testing at homeowner sites in FOSNRS Task B, and the In-situ simulator results 
are critical for Task B activities.  Due to the need to develop functional specifications for 
vertically stacked single pass biofiltration systems, two additional vertically stacked biofil-
ter systems were constructed to evaluate alternative media designs.  The revised media 
designs were intended to provide enhanced simultaneous nitrification/denitrification in 
unsaturated media while minimizing effluent sulfate levels. Two six-inch diameter biofil-
ters were constructed and are being dosed at the same frequency (once per 4 hours) 
and average hydraulic loading rate (0.8 gal/ft2-day) as UNSAT-IS1 and UNSAT-IS2.   
UNSAT-IS3 receives STE and UNSAT-IS4 receives nitrified STE. The media configuration of 
UNSAT-IS3 from top to bottom is: 3 in. coarse sand, 9 in. filter sand, 10 in. mixed ligno-
cellulosic media and expanded clay, 2 in. pea gravel, 3 in. elemental sulfur, and 2 in. 
gravel as underdrain.  The media configuration of UNSAT-IS4 from top to bottom is: 12 
in. filter sand, 12 in. mixed lignocellulosic media and expanded clay, 2 in. pea gravel, 3 
in. elemental sulfur, and 2 in. gravel as underdrain. STE is applied by peristaltic pump to 
a drip plate at the biofilter center point.  Effluent exits the underdrain from a bottom port 
located at centerline. STE and nitrified STE supplied to UNSAT-IS3 and UNSAT-IS4 is the 
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same as that supplied to UNSAT-IS1 and UNSAT-IS2.  Effluent exits the underdrain from a 
bottom port located at centerline.  The effluent line is directed in an upward direction ex-
ternal to the biofilter column and is used to control the saturation level within the biofilter 
media.  The saturation levels in UNSAT-IS3 and UNSAT-IS4 is maintained within and 
slightly below the gravel layer that underlies the lignocellulosic/expanded clay mixture to 
maintain sulfur in a completely saturated condition.  A shutoff valve was placed just be-
low the effluent port to enable maintenance of effluent tubing while not draining the biofil-
ter.  The effluent line contains a sampling port for measurement of final effluent.  Another 
sampling location in the gravel layer is located below the lignocellulosic/expanded clay 
media and above the sulfur media.  This port passes through the column sidewall and 
extends radially several inches into the media.  Monitoring will be conducted of system 
effluent as well as intermediate nitrogen species within the biofilter below the unsatu-
rated expanded clay and lignocellulosic layer and above the saturated sulfur layer. The 
effectiveness of the unsaturated system with only lignocellulosic electron donor and the 
added effect of underlying sulfur will be delineated.   
 
The following modifications were implemented as depicted in Figure 17:  

a. Construct 6” Diameter IS3 biofilter  
i. Media used = coarse sand, fine sand, expanded clay, lignocellulosic, 

elemental sulfur, pea gravel and gravel 
b. Construct 6” Diameter IS4 biofilter  

i. Media used = fine sand, expanded clay, lignocellulosic, elemental sulfur, 
pea gravel and gravel 

c. Addition of peristaltic pump 

The outcome of these efforts will assist in specifying of the optimal media configuration 
to be employed in the In-Situ (mini-mound) systems, which will then be constructed at 
GCREC.  In-Situ Simulator results from PNRS II are one critical path in the overall PNRS 
II project.  Modifications to the existing In-situ simulators and deployment of additional 
vertically stacked systems will provide the functional specifications required in order to 
proceed with construction of the In-Situ mini-mounds in a timely manner.   
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Figure 17 
IS3 and IS4 Columns 

 

3.3 Monitoring and Sampling Locations and Identification 
A schematic of the PNRS II test facility is shown in Figure 18. Septic tank effluent (STE) 
from GCREC is pumped from PNRS II-STE-T1 into the PNRS II systems through four 
points of entry: Hydro-1, Hydro-2, UNSAT-IS1, and UNSAT-IS3.  PNRS II biofilters are 
grouped into the four types of systems shown in Figure 18.  The nomenclature and reac-
tor/sample identification used for the PNRS II test facility sampling events are listed in 
Table 1. The sample designations listed in Table 1 also largely correspond to the loca-
tions at which flow volumes are measured in each monitoring event. 
Modifications to test systems that were implemented before this sample event include:    
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• The unsaturated single pass biofilter with polystyrene media (UNSAT-PS1) was 
re-configured to a recirculation biofilter.      

• A fifth recirculation tank (RC5) was installed upstream of UNSAT-PS1. 
• A pump tank (P15) was installed downstream of UNSAT-PS1 to feed UNSAT-

LS4. 
• The media within upflow denitrification biofilter (DENIT-LS2) was revised to be a 

mixture of 25% lignocellulosic and 75% expanded clay media. 
• The sodium sesquicarbonate supplied as an alkalinity supplement in one upflow 

denitrification biofilter (DENIT-SU4) and one horizontal denitrification biofilter 
(DENIT-SU2) was replaced with limestone.  The media composition in both biofil-
ters was modified to 30% elemental sulfur, 10% limestone, and 60% expanded 
clay.     

• Two additional in-situ simulators containing vertically stacked media layers were 
constructed to evaluate alternative media designs. UNSAT-IS3 will receive STE and 
UNSAT-IS4 will receive nitrified STE. The media configuration of UNSAT-IS3 from 
top to bottom is: 3 in. coarse sand, 9 in. filter sand, 10 in. mixed lignocellulosic 
media and expanded clay, 2 in. pea gravel, 3 in. elemental sulfur, and 2 in. gravel 
as underdrain.  The media configuration of UNSAT-IS4 from top to bottom is: 12 
in. filter sand, 10 in. mixed lignocellulosic media and expanded clay, 2 in. pea 
gravel, 3 in. elemental sulfur, and 2 in. gravel as underdrain. 

• Additional and revised sample locations are included in Table 1 and Figure 18. 
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Table 1 
PNRS II Sample Identification 

Group (Figure 18) Sample Location Sample Identification 
 STE PNRS II Storage Tank 1 PNRS II-STE-T1 

I 

Stage 1 Single Pass Biofilters 

UNSAT-EC1 
UNSAT-EC3 
UNSAT-CL1 
UNSAT-CL3 

Stage 2 Single Pass Upflow Biofilters 

DENIT-SU4 
DENIT-LS3 
DENIT-SU3 
DENIT-LS2 
DENIT-LS4 

II 

Recirculation Tanks 

RC1 
RC2 
RC3 
RC4 
RC5 

Stage 1 Recirculating Biofilters 

UNSAT-SA2 
UNSAT-EC4 
UNSAT-CL2 
UNSAT-CL4 
UNSAT-PS1 

Pump 15 Tank P15 

III 

Denite Feed Collection Tank DFT 

Stage 2 Horizontal Biofilters 

UNSAT-SU1 
UNSAT-SU2 
UNSAT-LS1 
UNSAT-GL1 

IV In-Situ In-Tank Simulator Single Pass Biofilter 

UNSAT-IS1 
UNSAT-IS2 
UNSAT-IS3 
UNSAT-IS4 
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Figure 18 
PNRS II Test Facility System Schematic 
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3.4 Operational Monitoring 
Start-up of the PNRS II test facility start-up occurred on May 17, 2010 and all systems 
have operated continually since that time.  The entire facility operation is checked at 
least once per week and a detailed log of operational observations and activities is main-
tained.  The programmable logic controller (PLC) which controls many of the dosing and 
pump controls also records pump run times and flow data from flow meters at the facility, 
and these data can provide useful insight on facility operations. 

3.5 Water Quality Sample Collection and Analyses  
Influent and effluent water quality samples from the PNRS II test systems for Sample 
Event 3 were collected November 10, 2010.    A sample of STE was collected from the 
feed line connecting STE Storage Tank 1 (PNRS II-STE-T1) to Hydrosplitter 1 which 
supplies STE to the single pass Stage 1 biofilters (Figure 18).  A manual dose event was 
initiated on the control panel until sufficient STE sample volume was collected in a clean 
sample container.  Stage 1, 2, and in-situ simulator biofilter and recirculation tank efflu-
ents were each sampled by directing the entire flow from the biofilter into a large, clean 
sample container over a period of time sufficient to obtain the desired sample volume 
(approximately 3.5 liters).  Sample containers were immediately placed in coolers on ice 
prior to subdivision of the composited sample. 
 
The composite samples in the 3.5 liter sample containers were then subdivided into 
analysis-specific sample containers.  The analysis-specific containers were supplied by 
the analytical laboratory and contained the appropriate preservatives.  The analysis-
specific containers were labeled, placed in coolers and transported on ice to the analyti-
cal laboratory. Each sample container was secured in packing material as appropriate to 
prevent damage and spills, and was recorded on chain-of-custody forms supplied by the 
laboratory. 
 
Equipment blank, field blank, and field sample duplicates were taken.  The equipment 
blank was collected using a previously cleaned STE sample collection bottle.  The bottle 
was filled with distilled water provided by the laboratory and allowed to sit for eight mi-
nutes. The sample containers were then analyzed for the same parameters as the sam-
ples. The field blank was collected by filling sample containers with distilled water that 
had been transported from the laboratory into the field along with other sample contain-
ers.  The field sample duplicate was collected immediately subsequent to the regular 
STE sample.  The duplicate sample containers were filled with PNRS II T1-STE effluent. 
 
Field parameters were measured using portable electronic probes and included temper-
ature (Temp), dissolved oxygen (DO), oxidation-reduction potential (ORP), pH, and spe-
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cific conductance. Temperature (Temp), dissolved oxygen (DO), and oxidation-reduction 
potential (ORP) were measured with probe tips placed in flow through samplers located 
directly in the outlet pipe at each sample location.  Specific conductance and pH were 
measured using external sample collection reservoirs.  The influent and effluent samples 
were analyzed by the laboratory for: total alkalinity, total Kjeldahl nitrogen (TKN-N), am-
monia nitrogen (NH3-N), nitrate/nitrite nitrogen (NOX-N), carbonaceous biochemical oxy-
gen demand (CBOD5), total dissolved solids (TDS), total suspended solids (TSS), and 
chemical oxygen demand (COD).  For the denitrification biofilters containing elemental 
sulfur media, influent and effluent sample analyses were also conducted for sulfate 
(SO4) and hydrogen sulfide (H2S).  Table 2 lists the analytical parameters, analytical me-
thods, and detection limits for these analyses. 
 

Table 2 
Analytical Parameters, Method of Analysis, and Detection Limits 

Analytical Parameter Method of Analysis Laboratory Detection Limit 
(mg/L) 

Total Alkalinity as CaCO3 SM 2320B 2 mg/L 
Total Kjeldahl Nitrogen (TKN-N) EPA351.2 0.05 mg/L 
Ammonia Nitrogen (NH3-N) EPA350.1 0.01 mg/L 
Nitrate/Nitrite Nitrogen (NOX-N) EPA353.2 0.01 mg/L 
Carbonaceous BOD (CBOD5) SM 5210B 2 mg/L 
Total Dissolved Solids (TDS) SM 2540C 10 mg/L 
Total Suspended Solids (TSS) SM 2540D 1 mg/L 
Chemical Oxygen Demand (COD) EPA 410.4 10 mg/L 
Total Phosphorus (TP) SM 4500PE 0.01 mg/L 
Fecal Coliform (fecal) SM9222D 1 ct/100mL 
Sulfate (SO4) EPA300.0 0.2 mg/L 
Hydrogen Sulfide Unionized (H2S) SM4500S F 0.01 mg/L 
Sulfide SM4500S F 0.1 mg/L 

 

3.6 Flow Monitoring  
Flow rates for all PNRS II systems were calibrated at initial start-up.  The flow rates are 
then measured and recorded at each sampling event and adjusted as necessary to 
maintain flow rates consistent with the experimental design following the sampling event.  
Flow volumes are measured just after sampling and field analyses and represent the 
flow rates in effect during the water quality monitoring.  Flow rates are then adjusted as 
necessary to correspond to the target flow rates in the experimental design. For this 
Sampling Event, influent flow volumes were measured on November 19th and December 
3rd and reported in the Sampling Event No. 3 Report. 
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4.0 Results and Discussion  

4.1 Operational Monitoring  
Start up of the PNRS II test facility occurred on May 17, 2010.  The test systems have 
been operated continuously since the May 17th start up, with the exception of power in-
terruptions or outages that have occurred from time to time (see operation and mainten-
ance log).  The power interruptions were of relatively short duration. For the most part, 
the pilot biofilters automatically resumed operation when power was restored. The only 
exceptions were the two peristaltic pumps: Pump 5 which supplies the two In-Situ simu-
lators and Pump 11 which supplies the four horizontal flow denitrification biofilters.  The 
peristaltic pumps displayed an error message, required manual restarting, and their off 
times were somewhat longer than the other system pumps.  The peristaltic pump set-
tings were saved through the power outage, and the pumps resumed operation once the 
error code was acknowledged. The peristaltic pumps have since been reprogrammed to 
start automatically in the event of temporary discontinuance of the power supply.  Ap-
pendix A provides the operation and maintenance log which includes actions taken since 
start-up. Appendix B provides summary tables of the PLC recorded data of daily run-
times and flows for the test facility between September 1st and November 9th (Day 107 
through Day 176 since start-up) used to check general pump operation and perfor-
mance.  
 
The recycle rates to the recirculating systems are monitored and recorded in the PLC as 
Pumps 5, 6, 7, 8, and 15 flows.  The data shows that the recycle flows are very close to 
the initially set 44 gpd rate for these four systems, indicating that the desired recycle ra-
tio of approximately 3:1 is being met.  
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4.2 Water Quality Analyses   
Water quality analytical results for Sample Event No. 3 are listed in Table 3.  A statistical 
summary of the water quality data collected to date for the PNRS II systems is presented 
in Table 4.  The following discussion summarizes these results.  The laboratory report 
containing the raw analytical data is included in Appendix D.   

Influent Water Quality  Water quality characteristics of STE collected in Sample Event 
3 were closer to typical STE composition than were previous STE samples from 
GCREC.  The modifications described in Section 3.2.1, appear to have alleviated the low 
measured STE strength previously witnessed. Sample Event 3 STE parameters for TSS, 
COD, and CBOD5 were still somewhat low, but within the range expected for domestic 
STE.  The measured STE total nitrogen (TN) concentration was 80 mg/L, which is at the 
high end of the expected range.  The performance of the various biofilter systems was 
compared by considering the changes through treatment of nitrogen species (TKN-N, 
NH3-N, and NOX-N), as well as supporting chemistry parameters.                                                              

Group 1 Single Pass Biofilters  Effluent NH3-N levels were at or below 3 mg/L for the 
four Stage 1 single pass biofilters and DO were greater than 6.8 mg/L (Table 3).  Organ-
ic N ranged from 2.5 to 3.5 mg/L in these same four systems. NOx was significantly in-
creased in all Stage 1 biofilter effluents corresponding to the decrease in TKN. 

Effluent NOX-N was less than 0.05 mg/L in the two Stage 2 single pass denitrification 
biofilters with sulfur media.  The three lignocellulosic biofilters (DENIT-LS2, DENIT-LS3, 
and DENIT-LS4) exhibited incomplete denitrification with effluent NOx-N of 16, 20 and 
9.8 mg/L, respectively. These three biofilters did not drive effluent ORP to the low levels 
that are found in the successfully denitrifying biofilters in this study and in the previous 
PNRS 1.  The lignocellulosic biofilters NOX-N reducing performance is inferior to sulfur 
and glycerol but should be doing more or less as well.  ORP measurements indicate that 
the lignocellulosic systems are not driving the ORP into the reducing realms in which 
denitrification is fostered as depicted in Figures 19 and 20. Possible reasons are lack of 
reactivity of lignocellulosic material, short circuiting within the biofilters, or toxicity (re-
lease of toxic material from lignocellulosic material itself). 
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Figure 19 
Denitrification Biofilters ORP versus Effluent NOx-N 

Figure 20 
Denitrification Biofilters ORP versus Effluent NOx-N  
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The influent to the DENIT-LS4 biofilter was effluent from the recirculation pump tank for 
the polystyrene biofilter (UNSAT-PS1) which contained 17 mg/L NH3-N and 21 mg/L 
NOx-N. While somewhat successfully denitrifying the relatively low influent NOx-N, DE-
NIT-LS4 effluent contained 15 mg/L NH3-N. This result again confirms that NH3-N will be 
readily transported through anoxic denitrification biofilters which at the same time 
achieve NOx reduction and reaffirms the importance of efficiently nitrifying prior to denitri-
fication.   

Group 2 Stage 1 Recirculating Biofilters  NH3-N levels were at or below 0.7 mg/L for 
the four recirculating Stage 1 biofilters with clinoptilolite, expanded clay, and sand media, 
and effluent DO was 5.4 to 8.0 mg/L.  Effluent NOx-N ranged from 38 to 54 mg/L and 
organic N from 2.3 to 2.8 mg/L for these four recirculating Stage 1 biofilters.  The nitrifi-
cation performance of these biofilters was quite acceptable and TN reduction averaged 
40%. The ammonia and DO concentrations in UNSAT-PS1 effluent were 21 mg/L and 
7.8 mg/L, respectively, indicating incomplete nitrification.  UNSAT-PS-1 also had signifi-
cantly higher effluent NOx and TKN of 70 mg/L and 28 mg/L respectively. 
 
Group 3 Stage 2 Horizontal Biofilters  Effluent NOx-N was 0.14 mg/L and less in three 
of four Stage 2 horizontal biofilters.  The low NOx-N were accompanied by depressed 
DO and ORP of -90 to –180 mV.  Thus, three of the horizontal biofilters were effective in 
producing a reducing environment and achieving their NOx-N reduction goal.  DENIT-
SU2 exhibited the lowest effluent Total Nitrogen of all the PNRS II systems, with TN 
concentration less than 1 mg/L.  DENIT-LS1 exhibited incomplete denitrification, with 
effluent NOx-N of 18 mg/L. 
 
Group 4 In-Situ Simulator Systems UNSAT-IS1 and UNSAT-IS2 exhibited low effluent 
NOx-N of less than 0.2 mg/L. UNSAT-IS2 exhibited a TN concentration less than 1.3 
mg/L.  For UNSAT-IS1, the effluent NOx-N was low but effluent NH3-N was 50 mg/L indi-
cating incomplete nitrification as seen in Sample Event 2.  Since Sample Event 2, three 
inches of coarse sand was added to the top layer of sand within the biofilter to improve 
nitrification.  In-situ simulator effluent SO4 concentrations were 79 and 380 mg/L, for IS1 
and IS2 respectively. 
 
The new vertically stacked 6” diameter column media biofilters (UNSAT-IS3 and UN-
SAT-IS4) exhibited very low effluent volumes following Sample Event 3 flow measure-
ments.  Upon examination, leaks were witnessed from the sample petcock valves lo-
cated above the bottom denitrification sulfur layer on both biofilters.  The performance of 
these systems will be assessed after the next sampling event. 
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Table 3 
Water Quality Analytical Results 

            

 

Group 
(Figure 1)

Sample ID Media Composition
Sample 

Date/Time
Sample 

Type
Temp 
(°C)

pH
Total 

Alkalinity 
(mg/L)

DO      
(mg/L)

ORP 
(mV)

Specific 
Conductance 

(µS)

TDS 
(mg/L)

TSS 
(mg/L)

CBOD5 

(mg/L)

COD 
(mg/L)

TN       

(mg/L N)1
TKN      

(mg/L N)

Organic N 

(mg/L N)2
NH3-N 

(mg/L N)

NOx 
(mg/L N)

TIN        

(mg/L N)3
TP      

(mg/L)
Sulfide 
(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

Fecal        
(Ct/100 mL)

STE Sample
PNRS II STE-Tank 1 11/10/10 13:50 G 25.1 7.2 430 2.4 -235.0 1,250 450 70 91 240 80.0 80 13.0 67 0.01 67.0 15 5.4 33
PNRS II STE-Tank 1-D 11/10/10 14:00 G 25.3 7.3 410 2.2 -230.0 1,250 470 64 100 240 85.1 85 11.0 74 0.11 74.1
Stage 1 Single Pass Biofilters  Effluent
UNSAT-EC1 15" Expanded Clay 11/10/10 16:00 G 20.6 6.9 180 7.1 108.0 1,150 770 1 2 10 66.8 4.8 3.5 1.3 62 63.3 1.0 0.01 61
UNSAT-EC3 30" Expanded Clay 11/10/10 15:30 G 21.5 6.8 220 6.8 105.0 1,250 850 1 2 10 85.9 4.9 2.5 2.4 81 83.4
UNSAT-CL1 15" Clinoptilolite 11/10/10 15:40 G 22.0 7.1 230 7.3 105.5 1,130 800 1 2 10 46.6 2.6 2.6 0.005 44 44.0 1.0 0.01 62
UNSAT-CL3 30" Clinoptilolite 11/10/10 15:50 G 22.0 7.4 290 7.6 100.5 1,280 820 2 2 29 82.7 2.7 2.7 0.005 80 80.0
Stage 2 Single Pass  Upflow Biofilters Effluent
DENIT-SU4 10% Limestone; 30% Sulfur; 60% Expanded Clay 11/10/10 13:40 G 21.0 7.3 210 7.8 -118.0 1,510 1,100 6 2 13 0.9 0.89 0.8 0.10 0.02 0.1 1.0 0.09 560
DENIT-LS3 50% Lignocellulosic; 50% Sand 11/10/10 12:30 G 20.0 6.9 220 4.7 67.5 1,200 840 1 2 11 24.3 4.3 3.8 0.52 20 20.5
DENIT-SU3 80% Sulfur; 20% Oyster Shell 11/10/10 13:30 G 21.4 7.2 260 7.7 -180.0 1,480 1,000 2 3 26 1.9 1.8 1.3 0.55 0.05 0.6 2.4 0.85 450
DENIT-LS2 25% Lignocellulosic; 75% Expanded Clay 11/10/10 12:15 G 21.5 7.4 320 4.1 71.0 1,200 780 2 2 26 19.8 3.8 3.7 0.10 16 16.1
DENIT-LS4 30% Lignocellulosic; 70% Expanded Clay 11/10/10 12:05 G 20.0 7.3 200 3.8 81.0 900 480 2 2 20 30.8 21 6.0 15 9.8 24.8
Recirculation Tanks Effluent
RC1 11/10/10 12:50 G 20.6 7.3 180 2.1 57.0 1,000 580 3 2 29 41.0 17 5.0 12 24 36.0
RC2 11/10/10 13:00 G 19.5 7.2 210 1.6 58.5 1,020 590 2 8 35 43.0 19 6.0 13 24 37.0
RC3 11/10/10 13:10 G 19.2 7.2 260 2.3 57.5 1,040 550 6 9 39 36.0 19 7.0 12 17 29.0
RC4 11/10/10 13:20 G 19.7 7.4 260 1.9 49.3 1,090 590 2 4 26 35.0 17 5.0 12 18 30.0
RC5 11/10/10 16:10 G 22.0 7.3 260 3.3 96.0 1,050 480 8 8 61 45.0 31 3.0 28 14 42.0
Stage 1 Recirculating Biofilters Effluent
UNSAT-CL4 30" Clinoptilolite 11/10/10 11:40 G 23.5 7.2 270 8.0 52.8 1,040 660 1 2 11 42.6 2.6 2.6 0.005 40 40.0 63
UNSAT-CL2 15" Clinoptilolite 11/10/10 11:30 G 23.1 7.0 200 5.4 50.2 1,000 630 2 2 24 56.3 2.3 2.3 0.005 54 54.0
UNSAT-EC4 30" Expanded Clay 11/10/10 11:20 G 22.2 6.9 140 7.3 46.5 980 660 2 2 10 52.3 2.3 2.3 0.005 50 50.0
UNSAT-SA2 30" Sand 11/10/10 11:10 G 22.5 6.9 120 7.7 47.5 930 610 13 2 22 41.5 3.5 2.8 0.74 38 38.7
UNSAT-PS1 30" Polystyrene 11/10/10 13:50 G 23.8 7.2 200 7.8 90.0 950 550 5 4 39 98.0 28 7.0 21 70 91.0
Pump 15 Tank (DENIT-LS4 Influent) 11/10/10 13:45 G 20.7 7.4 200 7.1 18.8 970 550 6 3 33 42.0 21 4.0 17 21 38.0
Denite Feed Tank (Tank 3)
DFT 11/10/10 11:50 G 18.5 7.2 200 8.3 62.2 980 630 1 2 22 19.5 3.5 3.3 0.17 16 16.2 1.0 0.1 64
Stage 2 Horizontal Biofilters Effluent
DENIT-SU1 80% Sulfur; 20% Oyster Shell 11/10/10 10:15 G 28.0 6.9 230 1.6 -270.0 1,250 900 1 18 50 2.0 1.9 1.1 0.76 0.14 0.9 17 9.2 350
DENIT-SU2 10% Limestone; 30% Sulfur; 60% Expanded Clay 11/10/10 10:25 G 25.5 7.0 210 0.2 -90.0 1,350 1,000 8 2 18 0.8 0.74 0.7 0.033 0.03 0.1 1.0 0.01 490
DENIT-LS1 50% Lignocellulosic; 50% Expanded Clay 11/10/10 10:40 G 21.4 7.4 210 1.1 -120.0 970 540 1 2 18 20.7 2.7 2.7 0.005 18 18.0
DENIT-GL1 12" Gravel; 60" Expanded Clay 11/10/10 10:55 G 21.0 6.9 390 0.8 -180.0 900 540 4 3 22 2.0 1.9 1.0 0.88 0.07 1.0
In-situ Simulator Biofilters Effluent
UNSAT-IS1 (STE) 12" Sand; 12" Mix (45% EC, 35% Ligno, 20% Sulfur) 11/10/10 10:00 G 20.5 6.8 390 1.9 -161.0 1,120 540 6 2 76 53.2 53 3.0 50 0.18 50.2 4.7 2.8 79
UNSAT-IS1 (STE) 12" Sand; 12" Mix (45% EC, 35% Ligno, 20% Sulfur) 11/12/10 6:45 G 17.0 7.1 370 2.0 221.6 1,168 530 2 2 76 75.0 75 6.0 69 0.04 69.0 4.3 1.8 83

UNSAT-IS2 (NO3) 12" Sand; 12" Mix (45% EC, 35% Ligno, 20% Sulfur) 11/10/10 9:45 G 19.2 6.8 180 0.8 -130.0 1,300 820 19 2 20 1.3 1.2 0.4 0.80 0.05 0.9 1.0 0.01 380

UNSAT-IS2 (NO3) 12" Sand; 12" Mix (45% EC, 35% Ligno, 20% Sulfur) 11/12/10 6:45 G 17.1 6.5 170 0.8 -213.6 365 890 10 2 13 1.2 1.2 0.5 0.71 0.04 0.8 1.0 0.01 400
UNSAT-IS3 (STE) 12" Sand; 10" Mix (60% EC, 40% Ligno); 3" Sulfur) 11/15/10 8:30 G 18.7 6.7 280 0.4 158.3 1,505 2,300 4 3 46 34.4 6.4 0.2 6.2 28 34.2 1.0 0.01 290

UNSAT-IS4 (NO3) 12" Sand; 10" Mix (60% EC, 40% Ligno); 3" Sulfur) 11/10/10 15:15 G 43.1 2.1 2.1 0.036 41 41.0 490

UNSAT-IS4 (NO3) 12" Sand; 10" Mix (60% EC, 40% Ligno); 3" Sulfur) 11/15/10 8:45 G 18.3 7.48 280 9.0 152.8 0.01 35 12.8 1.8 1.7 0.086 11 11.1 440
Field Blank Reagent Water 11/10/10 15:00 24.5 6.5 2 8.0 12.5 25 10 1 2 10 0.1 0.07 0.1 0.005 0.01 0.02
Equipment Blank Reagent Water - Cleaned STE Bottle #2 11/10/10 14:10 23.0 6.7 2 8.5 -80.0 28 10 1 2 10 0.1 0.06 0.1 0.005 0.01 0.02

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.
Orange - shaded data points indicate too many colonies were present.  The numberic value represents the dilution factor times the maximum reportable number of colonies.

1

3

2

Green-shaded data points indicate that sample was re-run by Southern Analytical Laboratories, Inc. The sample was held beyond the accepted holding time.
Blue-shaded data points indicate matrix spike was outside typical range. All other QC criteria were acceptable.

4

Purple-shaded data points indicate results based upon colony counts outside the method indicated ideal range.

Notes:
1Total Nitrogen (TN) is a calculated value equal to the sum of TKN and NOX
2Organic Nitrogen (ON) is a calculated value equal to the difference of TKN and NH3
3Total Inorganic Nitrogen (TIN) is a calculated value equal to the sum of NH3 and NOX

EC: expanded clay, CL: clinoptilolite, PS: polystyrene, SU: elemental sulfur, LS: lignocellulosic, GL: glycerol, OS: oyster shell, NS: sodium sesquicarbonate, GR: gravel
D.O. - Dissolved oxygen
G - Grab sample
Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.
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Table 4 
Statistical Summary of Water Quality Data 

            

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sample ID
Media 

Composition
Statistical 
Parameter

Temp 
(°C)

pH
Total 

Alkalinity 
(mg/L)

DO       
(mg/L)

ORP 
(mV)

Specific 
Conductance 

(µS)

TDS 
(mg/L)

TSS 
(mg/L)

CBOD5 

(mg/L)

COD 
(mg/L)

TN       

(mg/L N)1
TKN       

(mg/L N)

Organic N 

(mg/L N)2
NH3-N 

(mg/L N)
NOx 

(mg/L N)

TIN         

(mg/L N)3
TP          

(mg/L)
Sulfide 
(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

Fecal         
(Ct/100 mL)

n 9 9 7 6 5 9 7 9 9 5 7 9 7 7 7 6 3 4
MEAN 26.4 323.4 0.8 -262.6 1029.8 381.0 34.5 67.0 236.2 55.7 57.7 8.2 47.5 0.04 43.1 7.0
STD. DEV. 1.4 92.2 1.2 227.2 76.0 25.4 33.6 24.8 22.0 5.3 23.0 0.03 21.7
MIN 24.9 6.4 210.0 0.0 -308.9 649.0 240.0 12.8 22.0 210.0 25.9 25.9 -0.7 20.0 0.01 20.0 6.6 80
MAX 28.3 7.3 430.0 2.4 -230.0 1250.0 470.0 70.0 100.0 270.0 85.1 85.0 15.0 74.0 0.11 67.0 7.4 77000

n 3 3 3 3 2 3 3 3 3 2 3 3 3 3 3 3 1 3 3 3 1
MEAN 25.5 140.0 7.0 122.8 940.7 596.7 1.0 2.0 11.5 44.8 3.8 3.3 0.4 41.0 41.4 3.9 0.4 0.0 52.7
STD. DEV. 4.3 36.1 0.2 284.3 219.4 0.0 0.0 22.8 1.4 1.1 0.7 21.5 22.2 0.5 0.03 7.6
MIN 20.6 6.9 110.0 6.8 108.0 617.0 350.0 1.0 2.0 10.0 21.2 2.2 2.2 0.01 19.0 19.0 3.9 0.1 0.01 46.0 1.0
MAX 28.6 7.3 180.0 7.1 137.5 1150.0 770.0 1.0 2.0 13.0 66.8 4.8 4.3 1.3 62.0 63.3 3.9 1.0 0.1 61.0 1.0
n 3 3 3 3 2 3 3 3 3 2 3 3 3 3 3 3 1 1
MEAN 26.1 151.3 6.8 111.0 1031.7 666.7 1.3 2.0 13.0 50.8 3.5 2.7 0.8 47.3 48.1 3.9
STD. DEV. 4.1 68.0 0.1 283.0 229.0 0.6 0.0 32.7 1.4 0.6 1.4 31.3 32.6
MIN 21.5 6.8 84.0 6.7 105.0 712.0 410.0 1.0 2.0 10.0 21.2 2.2 2.2 0.01 19.0 19.0 3.9 1.0
MAX 29.2 7.3 220.0 6.9 117.0 1250.0 850.0 2.0 2.0 16.0 85.9 4.9 3.3 2.4 81.0 83.4 3.9 1.0
n 3 3 3 3 2 3 3 3 3 2 3 3 3 3 3 3 1 3 3 3 2
MEAN 26.2 236.7 5.4 110.9 1086.0 673.3 3.0 2.0 15.0 36.0 2.7 2.7 0.008 33.3 33.3 8.0 0.5 0.03 49.0
STD. DEV. 3.8 11.5 1.9 210.5 177.9 3.5 0.0 13.6 0.1 0.1 0.003 13.6 13.6 0.5 0.04 12.5
MIN 22.0 7.1 230.0 3.5 105.5 857.0 470.0 1.0 2.0 10.0 20.7 2.6 2.6 0.005 18.0 18.0 8.0 0.1 0.01 37.0 10
MAX 29.5 8.3 250.0 7.3 116.2 1271.0 800.0 7.0 2.0 20.0 46.6 2.8 2.8 0.010 44.0 44.0 8.0 1.0 0.08 62.0 12
n 3 3 3 3 2 3 3 3 3 2 3 3 3 3 3 3 1 1
MEAN 25.8 300.0 7.2 92.2 1214.0 740.0 1.3 2.0 24.5 48.5 3.2 3.2 0.008 45.3 45.3 6.8
STD. DEV. 3.4 36.1 0.4 214.7 165.2 0.6 0.0 30.8 0.7 0.7 0.003 31.1 31.1
MIN 22.0 7.4 270.0 6.9 83.8 974.0 550.0 1.0 2.0 20.0 22.8 2.7 2.7 0.005 20.0 20.0 6.8 3.0
MAX 28.7 8.6 340.0 7.6 100.5 1388.0 850.0 2.0 2.0 29.0 82.7 4.0 4.0 0.010 80.0 80.0 6.8 3.0
n 2 2 2 2 1 2 2 2 2 1 2 2 2 2 2 2 1 1
MEAN 27.8 220.0 2.6 60.0 804.5 345.0 3.0 4.4 48.0 43.3 34.5 8.3 26.2 8.8 35.0 5.9
STD. DEV. 1.1 84.9 0.1 290.6 106.1 1.4 1.9 25.4 26.2 1.8 28.0 0.8 27.2
MIN 27.0 7.3 160.0 2.5 60.0 599.0 270.0 2.0 3.0 48.0 25.3 16.0 7.0 6.4 8.2 15.7 5.9 930
MAX 28.6 7.6 280.0 2.7 60.0 1010.0 420.0 4.0 5.7 48.0 61.2 53.0 9.6 46.0 9.3 54.2 5.9 930

n 2 2 2 2 1 2 2 2 2 1 2 2 2 2 2 2 1 2 2 2 1
MEAN 27.6 145.0 0.2 -106.6 1162.0 755.0 1.0 3.0 22.0 1.1 1.0 0.8 0.2 0.1 0.3 3.2 1.0 0.3 405.0
STD. DEV. - 7.1 0.1 329.5 275.8 0.0 1.3 0.4 0.4 0.2 0.1 0.1 0.2 1.2 0.4 205.1
MIN 27.1 6.6 140.0 0.1 -106.6 929.0 560.0 1.0 2.0 22.0 0.8 0.8 0.7 0.1 0.01 0.1 3.2 0.1 0.01 260.0 1.0
MAX 28.1 7.3 150.0 0.2 -106.6 1395.0 950.0 1.0 3.9 22.0 1.4 1.3 1.0 0.3 0.1 0.4 3.2 1.8 0.6 550.0 1.0
n 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 21 210 7.8 -118 1510 1100 6 2 13 0.9 0.9 0.8 0.1 0.02 0.12 1 0.09 560
STD. DEV.
MIN 21 7 210 7.8 -118 1510 1100 6 2 13 0.9 0.9 0.8 0.1 0.02 0.12 1 0.09 560
MAX 21 7 210 7.8 -118 1510 1100 6 2 13 0.9 0.9 0.8 0.1 0.02 0.12 1 0.09 560
n 3 3 3 3 2 3 3 3 3 2 3 3 3 3 3 3 1 1
MEAN 25.3 213.3 2.0 23.3 1003.0 630.0 1.3 5.3 20.0 20.2 3.2 2.6 0.5 17.0 17.5 3.3
STD. DEV. 4.6 11.5 2.4 270.2 239.0 0.6 5.8 16.5 1.2 1.4 0.4 15.7 15.3
MIN 20.0 6.9 200.0 0.1 -21.0 695.0 370.0 1.0 2.0 11.0 2.0 2.0 1.1 0.2 0.01 1.0 3.3 1.0
MAX 28.1 7.7 220.0 4.7 67.5 1200.0 840.0 2.0 12.0 29.0 34.2 4.3 3.8 1.0 31.0 31.2 3.3 1.0
n 3 3 3 3 2 3 3 3 3 2 3 3 3 3 3 3 1 3 3 3 1
MEAN 25.8 233.3 2.6 -229.8 1464.0 936.7 6.3 6.0 32.5 2.2 2.2 1.6 0.6 0.0 0.6 6.2 4.7 2.4 446.7
STD. DEV. - 55.1 4.4 199.5 202.6 8.4 6.1 0.5 0.5 0.6 0.2 0.0 0.2 2.3 1.9 105.0
MIN 21.4 6.7 170.0 0.1 -279.6 1257.0 710.0 1.0 2.0 26.0 1.9 1.8 1.2 0.5 0.01 0.5 6.2 2.4 0.9 340.0 1.0
MAX 28.4 7.2 270.0 7.7 -180.0 1655.0 1100.0 16.0 13.0 39.0 2.7 2.7 2.2 0.8 0.1 0.8 6.2 7.0 4.5 550.0 1.0
n 2 2 2 2 1 2 2 2 2 1 2 2 2 2 2 2 1 1
MEAN 27.3 375.0 2.1 -11.5 1223.0 680.0 5.0 3.8 24.0 17.5 2.3 2.0 0.3 15.2 15.5 5.7
STD. DEV. 0.1 7.1 2.8 318.2 240.4 5.7 2.5 20.7 1.2 1.2 0.0 19.5 19.6
MIN 27.2 7.8 370.0 0.1 -11.5 998.0 510.0 1.0 2.0 24.0 2.8 1.4 1.2 0.2 1.4 1.6 5.7 1.0
MAX 27.3 8.1 380.0 4.1 -11.5 1448.0 850.0 9.0 5.5 24.0 32.1 3.1 2.8 0.3 29.0 29.3 5.7 1.0
n 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 22 320 4.1 71 1200 780 2 2 26 20 4 4 0.1 16 16
STD. DEV.
MIN 22 7 320 4.1 71 1200 780 2 2 26 20 4 4 0.1 16 16
MAX 22 7 320 4.1 71 1200 780 2 2 26 20 4 4 0.1 16 16
n 3 3 4 3 2 3 4 4 4 2 3 3 3 3 3 3 1 1
MEAN 25.1 272.5 1.6 18.7 879.3 400.0 1.3 3.8 27.5 37.3 34.0 16.1 17.9 3.3 21.3 6.9
STD. DEV. 4.4 95.7 1.9 251.6 90.6 0.5 3.6 27.2 28.8 15.6 13.8 5.6 14.0
MIN 20.0 7.3 180.0 0.4 -43.7 618.0 270.0 1.0 2.0 20.0 14.0 14.0 6.0 5.8 0.01 5.8 6.9 12.0
MAX 28.1 7.6 360.0 3.8 81.0 1120.0 480.0 2.0 9.1 35.0 67.2 67.0 34.0 33.0 9.8 33.2 6.9 12.0

STE Sample

Stage 1 Single Pass Biofilters  Effluent

Stage 2 Single Pass  Upflow Biofilters Effluent

STE-Tank 1

UNSAT-EC1 15" Expanded Clay

UNSAT-EC3 30" Expanded Clay

UNSAT-CL1 15" Clinoptilolite

UNSAT-CL3 30" Clinoptilolite

UNSAT-PS1 
(old)

30" Polystyrene

DENIT-SU4 
(old)

80% Sulfur; 20% 
Sodium Sesqui.

DENIT-LS3
50% 
Lignocellulosic; 
50% Sand

DENIT-SU4 
(new)

10% Limestone; 
30% Sulfur; 60% 
Expanded Clay

DENIT-SU3
80% Sulfur; 20% 
Oyster Shell

DENIT-LS2 
(old)

50% 
Lignocellulosic; 
50% Expanded Clay

DENIT-LS4
30% 
Lignocellulosic; 
70% Expanded Clay

DENIT-LS2 
(new)

25% 
Lignocellulosic; 
75% Expanded Clay
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Table 4 (con’t) 
Statistical Summary of Water Quality Data 

 

            

 

Sample ID
Media 

Composition
Statistical 
Parameter

Temp 
(°C)

pH
Total 

Alkalinity 
(mg/L)

DO       
(mg/L)

ORP 
(mV)

Specific 
Conductance 

(µS)

TDS 
(mg/L)

TSS 
(mg/L)

CBOD5 

(mg/L)

COD 
(mg/L)

TN       

(mg/L N)1
TKN       

(mg/L N)

Organic N 

(mg/L N)2
NH3-N 

(mg/L N)
NOx 

(mg/L N)

TIN         

(mg/L N)3
TP          

(mg/L)
Sulfide 
(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

Fecal         
(Ct/100 mL)

n 3 3 3 2 2 3 3 3 3 2 3 3 3 3 3 3 1 1
MEAN 27.1 183.3 1.1 -35.7 882.7 486.7 3.0 3.6 25.5 40.3 16.3 6.1 10.2 24.0 34.2 5.8
STD. DEV. 5.7 25.2 212.8 136.5 2.0 2.1 13.0 1.2 2.8 4.0 12.0 15.7
MIN 20.6 7.3 160.0 0.03 -128.3 637.0 330.0 1.0 2.0 22.0 27.0 15.0 4.0 5.7 12.0 17.7 5.8 114.0
MAX 30.8 7.3 210.0 2.1 57.0 1011.0 580.0 5.0 6.0 29.0 53.0 17.0 9.3 13.0 36.0 49.0 5.8 114.0
n 3 3 3 2 2 3 3 3 3 2 3 3 3 3 3 3 1 1
MEAN 26.7 176.7 0.9 -24.9 910.0 496.7 2.0 4.0 29.5 36.7 17.0 5.9 11.1 19.7 30.8 4.2
STD. DEV. 6.3 35.1 200.1 136.5 1.0 3.5 8.5 2.0 3.9 5.1 6.7 11.7
MIN 19.5 7.2 140.0 0.1 -108.2 679.0 340.0 1.0 2.0 24.0 27.0 15.0 2.0 5.3 12.0 17.3 4.2 99.0
MAX 30.5 7.3 210.0 1.6 58.5 1031.0 590.0 3.0 8.0 35.0 43.0 19.0 9.7 15.0 24.0 38.0 4.2 99.0
n 3 3 3 2 2 3 3 3 3 2 3 3 3 3 3 3 1 1
MEAN 26.2 206.7 1.2 73.3 976.0 500.0 4.3 4.8 50.0 36.0 15.7 6.9 8.7 20.3 29.1 6.4
STD. DEV. 6.1 50.3 192.2 122.9 2.9 3.7 9.0 3.5 3.6 3.3 11.4 12.6
MIN 19.2 7.2 160.0 0.1 57.5 760.0 360.0 1.0 2.0 39.0 27.0 12.0 3.3 5.5 11.0 16.5 6.4 109.0
MAX 30.2 7.6 260.0 2.3 89.0 1128.0 590.0 6.0 9.0 61.0 45.0 19.0 10.5 12.0 33.0 41.7 6.4 109.0
n 3 3 3 2 2 3 3 3 3 2 3 3 3 3 3 3 1 1
MEAN 26.3 220.0 1.0 61.2 1004.3 536.7 11.7 3.2 27.5 33.3 14.7 6.0 8.6 18.7 27.3 6.7
STD. DEV. 5.8 40.0 167.8 119.3 9.5 0.7 5.7 3.2 4.1 3.3 8.0 9.7
MIN 19.7 7.4 180.0 0.0 49.3 811.0 400.0 2.0 2.7 26.0 27.0 11.0 2.6 5.5 11.0 16.5 6.7 112.0
MAX 30.4 7.8 260.0 1.9 73.0 1112.0 620.0 21.0 4.0 29.0 38.0 17.0 10.5 12.0 27.0 35.4 6.7 112.0
n 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 22.0 260.0 3.3 96.0 1050.0 480.0 8.0 8.0 61.0 45.0 31.0 3.0 28.0 14.0 42.0
STD. DEV.
MIN 22.0 7.3 260.0 3.3 96.0 1050.0 480.0 8.0 8.0 61.0 45.0 31.0 3.0 28.0 14.0 42.0
MAX 22.0 7.3 260.0 3.3 96.0 1050.0 480.0 8.0 8.0 61.0 45.0 31.0 3.0 28.0 14.0 42.0

n 3 3 3 3 2 3 3 3 3 2 3 3 3 3 3 3 1 1
MEAN 26.8 220.0 7.5 44.2 1024.7 606.7 3.3 2.0 12.0 32.7 2.4 2.4 0.01 30.3 30.3 7.6
STD. DEV. 3.0 50.0 0.5 157.6 110.2 4.0 0.0 19.4 0.3 0.3 0.01 19.5 19.4
MIN 23.5 6.7 170.0 7.1 35.5 860.0 480.0 1.0 2.0 11.0 10.3 2.1 2.1 0.005 7.9 7.9 7.6 1.0
MAX 29.3 7.8 270.0 8.0 52.8 1174.0 680.0 8.0 2.0 13.0 45.1 2.6 2.6 0.02 43.0 43.0 7.6 1.0
n 3 3 3 3 2 3 3 3 3 2 3 3 3 3 3 3 1 1
MEAN 25.7 173.3 6.2 40.2 943.7 573.3 2.0 2.0 23.0 39.5 2.5 2.5 0.008 37.0 37.0 7.1
STD. DEV. 2.2 46.2 0.7 143.1 115.9 1.0 0.0 20.2 0.5 0.5 0.003 20.0 20.0
MIN 23.1 7.0 120.0 5.4 30.2 781.0 440.0 1.0 2.0 22.0 17.1 2.1 2.1 0.005 15.0 15.0 7.1 4.0
MAX 27.1 7.9 200.0 6.7 50.2 1050.0 650.0 3.0 2.0 24.0 56.3 3.1 3.1 0.010 54.0 54.0 7.1 4.0
n 3 3 3 3 2 3 3 3 3 2 3 3 3 3 3 3 1 1
MEAN 26.0 143.3 7.1 62.7 880.3 550.0 1.3 2.0 11.5 37.4 2.4 2.4 0.01 35.0 35.0 3.8
STD. DEV. 3.4 15.3 0.2 190.2 173.5 0.6 0.0 17.0 0.5 0.5 0.00 16.7 16.7
MIN 22.2 6.9 130.0 6.9 46.5 661.0 350.0 1.0 2.0 10.0 18.9 1.9 1.9 0.01 17.0 17.0 3.8 1.0
MAX 28.5 7.3 160.0 7.3 78.8 1000.0 660.0 2.0 2.0 13.0 52.3 2.9 2.9 0.01 50.0 50.0 3.8 1.0
n 3 3 3 3 2 3 3 3 3 2 3 3 3 3 3 3 1 1
MEAN 25.8 113.3 7.0 68.4 829.0 526.0 5.0 2.0 17.5 33.3 3.0 2.7 0.3 30.3 30.6 6.3
STD. DEV. 3.0 5.8 0.7 195.2 170.3 6.9 0.0 12.3 0.7 0.6 0.4 11.6 11.8
MIN 22.5 6.0 110.0 6.3 47.5 604.0 330.0 1.0 2.0 13.0 19.2 2.2 2.2 0.01 17.0 17.0 6.3 1.0
MAX 28.2 6.9 120.0 7.7 89.2 953.0 638.0 13.0 2.0 22.0 41.5 3.5 3.3 0.7 38.0 38.7 6.3 1.0
n 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 24 200 7.8 90 950 550 5 4 39 98 28 7 21 70 91
STD. DEV.
MIN 24 7 200 7.8 90 950 550 5 4 39 98 28 7 21 70 91
MAX 24 7 200 7.8 90 950 550 5 4 39 98 28 7 21 70 91
n 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 21 200 7.1 19 970 550 6 3 33 42 21 4 17 21 38
STD. DEV.
MIN 21 7 200 7.1 19 970 550 6 3 33 42 21 4 17 21 38
MAX 21 7 200 7.1 19 970 550 6 3 33 42 21 4 17 21 38

Recirculation Tanks Effluent

Stage 1 Recirculating Biofilters Effluent

RC2

RC3

RC5

15" Clinoptilolite

30" Expanded ClayUNSAT-EC4

UNSAT-CL2

UNSAT-CL4 30" Clinoptilolite

Pump 15 
Tank (DENIT-
LS4 Influent)

RC4

UNSAT-SA2 30" Sand

RC1

UNSAT-PS1 
(new recirc)

30" Polystyrene
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Table 4 (con’t) 
Statistical Summary of Water Quality Data 

 

            

Sample ID
Media 

Composition
Statistical 
Parameter

Temp 
(°C)

pH
Total 

Alkalinity 
(mg/L)

DO       
(mg/L)

ORP 
(mV)

Specific 
Conductance 

(µS)

TDS 
(mg/L)

TSS 
(mg/L)

CBOD5 

(mg/L)

COD 
(mg/L)

TN       

(mg/L N)1
TKN       

(mg/L N)

Organic N 

(mg/L N)2
NH3-N 

(mg/L N)
NOx 

(mg/L N)

TIN         

(mg/L N)3
TP          

(mg/L)
Sulfide 
(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

Fecal         
(Ct/100 mL)

n 3 3 3 3 2 3 3 3 3 2 3 3 3 3 3 3 1 3 3 3 1
MEAN 24.5 163.3 7.7 43.9 914.7 560.0 1.0 2.0 20.0 27.8 3.2 3.1 0.1 24.7 24.7 6.5 0.4 0.0 54.0
STD. DEV. 5.2 35.1 0.5 149.1 148.0 0.0 0.0 13.0 0.4 0.3 0.1 13.3 13.3 0.5 0.1 9.2
MIN 18.5 7.2 130.0 7.3 25.5 744.0 390.0 1.0 2.0 18.0 19.5 2.8 2.8 0.01 16.0 16.2 6.5 0.1 0.01 46.0 1.0
MAX 28.1 8.1 200.0 8.3 62.2 1020.0 660.0 1.0 2.0 22.0 42.8 3.5 3.3 0.2 40.0 40.0 6.5 1.0 0.1 64.0 1.0

n 3 3 3 3 2 3 3 3 3 2 3 3 3 3 3 3 1 3 3 3 1
MEAN 26.9 223.3 0.7 -293.6 1305.0 853.3 1.0 22.7 56.5 2.4 2.3 0.8 1.6 0.1 1.6 5.0 23.7 10.7 343.3
STD. DEV. 1.6 20.8 0.8 148.4 174.7 0.0 4.2 0.4 0.4 0.4 0.8 0.1 0.8 6.1 1.4 110.2
MIN 25.1 6.9 200.0 0.1 -317.2 1192.0 660.0 1.0 18.0 50.0 2.0 1.9 0.3 0.8 0.01 0.9 5.0 17.0 9.2 230.0 3.0
MAX 28.0 7.2 240.0 1.6 -270.0 1473.0 1000.0 1.0 26.0 63.0 2.7 2.7 1.1 2.4 0.1 2.4 5.0 29.0 12.0 450.0 3.0
n 2 2 2 2 1 2 2 2 2 1 2 2 2 2 2 2 1 2 2 2 1
MEAN 26.4 235.0 0.9 -279.0 1400.0 810.0 1.5 12.5 50.0 4.1 1.5 1.0 0.5 2.6 3.1 4.8 7.1 3.4 305.0
STD. DEV. 2.2 35.4 0.5 2.8 169.7 0.7 10.7 3.2 0.4 0.2 0.6 3.7 3.0 9.8 4.7 233.3
MIN 24.8 7.0 210.0 0.5 -279.0 1398.0 690.0 1.0 4.9 50.0 1.8 1.2 0.9 0.01 0.025 0.9 4.8 0.1 0.0 140.0 1.0
MAX 27.9 9.1 260.0 1.2 -279.0 1402.0 930.0 2.0 20.0 50.0 6.4 1.8 1.2 0.9 5.2 5.2 4.8 14.0 6.7 470.0 1.0
n 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 26 210 0.2 -90 1350 1000 8 2 18 1 1 1 0.03 0.03 0.06 1 0.01 490
STD. DEV.
MIN 26 7 210 0.2 -90 1350 1000 8 2.0 18 1 1 1 0.03 0.03 0.06 1 0.01 490
MAX 26 7 210 0.2 -90 1350 1000 8 2.0 18 1 1 1 0.03 0.03 0.06 1 0.01 490
n 3 3 3 3 2 3 3 3 3 2 3 3 3 3 3 3 1 1
MEAN 24.6 236.7 0.6 -159.9 890.0 480.0 1.0 20.6 31.0 8.0 2.0 1.5 0.5 6.0 6.5 0.5
STD. DEV. 3.0 23.1 0.5 131.7 95.4 0.0 30.6 11.0 0.6 1.0 0.4 10.4 10.0
MIN 21.4 7.4 210.0 0.2 -199.7 738.0 370.0 1.0 2.0 18.0 1.5 1.5 0.7 0.005 0.01 0.7 0.5 1.0
MAX 27.3 7.7 250.0 1.1 -120.0 970.0 540.0 1.0 56.0 44.0 20.7 2.7 2.7 0.8 18.0 18.0 0.5 1.0
n 3 3 3 3 2 3 3 3 3 3 3 3 3 3 4 3 1 1
MEAN 24.7 423.3 0.8 -177.5 1126.7 706.7 35.0 284.0 400.0 24.9 23.3 13.0 10.3 1.2 11.9 2.9
STD. DEV. 3.4 221.9 0.8 487.3 434.7 56.3 455.9 35.8 37.0 20.8 16.2 2.3 15.1
MIN 21.0 6.4 220.0 0.0 -180.0 794.0 380.0 1.0 3.0 22.0 2.0 1.9 0.9 0.9 0.0 1.0 2.9 800.0
MAX 27.8 8.0 660.0 1.5 -174.9 1686.0 1200.0 100.0 810.0 1100.0 66.1 66.0 37.0 29.0 4.7 29.1 2.9 800.0

n 5 5 5 5 4 5 5 5 5 3 5 5 5 5 5 5 2 5 5 5 2
MEAN 24.7 282.0 0.9 -57.0 1430.2 844.0 27.2 6.6 69.7 31.8 31.7 2.1 29.6 0.1 29.7 1.5 2.1 1.2 364.4
STD. DEV. - 104.5 1.0 203.7 564.7 439.4 48.1 4.7 31.3 31.3 2.5 29.0 0.1 29.0 0.4 2.2 1.1 423.3
MIN 17.0 6.4 130.0 0.1 -246.2 1120.0 530.0 2.0 2.0 57.0 0.4 0.4 0.0 0.045 0.022 0.1 1.2 0.1 0.01 79.0 1.0
MAX 29.7 7.1 390.0 2.0 221.6 2438.0 1600.0 113.0 13.0 76.0 75.0 75.0 6.0 69.0 0.2 69.0 1.7 4.7 2.8 1100.0 1.0
n 5 5 5 5 4 5 5 5 5 3 5 5 5 5 5 5 2 5 5 5 2
MEAN 24.4 172.0 0.5 -182.4 1633.8 1272.0 57.8 5.4 27.7 1.1 1.0 0.6 0.4 0.03 0.4 4.3 0.6 0.1 680.0
STD. DEV. 5.9 43.2 0.3 39.3 1147.5 970.4 43.3 5.0 0.4 0.4 0.4 0.3 0.02 0.3 3.9 0.5 0.3 627.7
MIN 17.1 6.1 100.0 0.1 -213.6 365.0 700.0 10.0 2.0 13.0 0.6 0.6 0.4 0.1 0.01 0.1 1.5 0.1 0.01 350.0 1.0
MAX 30.0 6.8 210.0 0.8 -130.0 3506.0 3000.0 108.0 13.0 50.0 1.5 1.5 1.2 0.8 0.05 0.9 7.0 1.0 0.6 1800.0 1.0
n 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 19 280 0.4 158 1505 2300 4 3 46 34 6 0 6 28 34 1 0.01 290
STD. DEV.
MIN 19 7 280 0.4 158 1505 2300 4 3 46 34 6 0 6 28 34 1 0.01 290
MAX 19 7 280 0.4 158 1505 2300 4 3 46 34 6 0 6 28 34 1 0.01 290
n 1 1 1 1 1 1 1 2 2 2 2 2 2 2
MEAN 18 280 9 153 0.01 35 28 2 2 0.06 26 26 465
STD. DEV. 21 21 21 35
MIN 18 7 280 9 153 0.01 35 13 2 2 0.04 11 11 440
MAX 18 7 280 9 153 0.01 35 43 2 2 0.09 41 41 490

Orange - shaded data points indic

EC: expanded clay, CL: clinoptilolite, PS: polystyrene, SU: elemental sulfur, LS: lignocellulosic, GL: glycerol, OS: oyster shell, NS: sodium sesquicarbonate, GR: gravel
DO - Dissolved oxygen

1Total Nitrogen (TN) is a calculated value equal to the sum of TKN and NOX
2Organic Nitrogen (ON) is a calculated value equal to the difference of TKN and NH3

Notes:

UNSAT-IS2 

(NO3)

12" Sand; 12" Mix 
(45% EC, 35% 
Ligno, 20% Sulfur)

DENIT-SU2 
(old)

80% Sulfur; 20% 
Sodium Sesqui.

DENIT-LS1
50% 
Lignocellulosic; 
50% Expanded Clay

DENIT-GL1
12" Gravel; 60" 
Expanded Clay

UNSAT-IS3 
(STE)

12" Sand; 10" Mix 
(60% EC, 40% 
Ligno); 3" Sulfur)

80% Sulfur; 20% 
Oyster Shell

UNSAT-IS1 
(STE)

12" Sand; 12" Mix 
(45% EC, 35% 
Ligno, 20% Sulfur)

DFT

Denite Feed Tank (Tank 3)

Stage 2 Horizontal Biofilters Effluent

In-situ Simulator Biofilters Effluent

Purple-shaded data points indicate results based on colony counts outside the method indicated ideal range.
Blue-shaded data points indicate the number is greater than reported value.

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.
Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

DENIT-SU2 
(new)

10% Limestone; 
30% Sulfur; 60% 
Expanded Clay

UNSAT-IS4 

(NO3)

12" Sand; 10" Mix 
(60% EC, 40% 
Ligno); 3" Sulfur)

DENIT-SU1

3Total Inorganic Nitrogen (TIN) is a calculated value equal to the sum of NH3 and NOX
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4.3 Flow Monitoring  
Influent and effluent flows were measured, recorded, and adjusted as necessary to 
maintain flow rates consistent with the experimental design following the sampling event. 
Flow measurements and adjustments are made following collection of liquid samples 
and field parameter analyses.   
 
A flow test was conducted November 19, 2010. These flow measurements are consi-
dered to represent those in effect leading up to and during the Sample Event 3.  The 
measured volumes and relative errors between measured and target flow rates are pre-
sented in Appendix C, Table 1.  For the Group 1 systems, measured STE inputs to four 
of the five Stage 1 biofilters were within the 15% operational target that is considered 
acceptable for PNRS II flow rates.  The measured influent volume of UNSAT-PS1 was    
-36.2% of the target volume.  Measured effluent volumes for Stage 1 single pass biofil-
ters (Stage 2 influent) were within 13% of the target volume for four of the five systems 
(Appendix C, Table 1).  The DENIT-LS4 measured influent volume was substantially 
less than the target volume.  The low measured flow to the DENIT-LS4 (RE = -27.1%) is 
associated with the low influent volume of the directly connected UNSAT-PS1 biofilter. 
 
For the Group 2 systems, all measured STE volumes to the Stage 1 recirculation tanks 
were within 9% of target volumes. All recycle flow volumes as recorded by the PLC were 
within 6% of target volumes based on the experimental design recycle ratio of 3.0.  The 
calculated recycle ratios (i.e. recycle flow volume divided by the STE flow volume) for 
four of the five recirculation systems were within 5% of the target recycle ratio of 3.0.  
Although the recycle rate to the UNSAT-PS1 was close to target, the recycle ratio was 
high due to the low influent STE flow that was previously discussed. 
 
For Group 3 systems, the measured influent volumes to the Stage 2 horizontal denitrifi-
cation biofilters were all within 5% of target.   
 
For Group 4 biofilters, the measured influent volumes were within 10% of target volumes 
for three of the four in-situ simulators. The measured influent volume of UNSAT-IS 1 was 
-26.9% of the target volume. The system tubing was replaced and recalibrated Decem-
ber 3rd; the influent volume to UNSAT-IS1 and UNSAT-IS2 was then measured to be 
within 8% of target.  
 
After evaluating the influent flow test results, a few maintenance items were conducted:  

• Peristaltic Pump 10 pump tubing was calibrated November 19th  
• Peristaltic Pump 5 pump and system tubing was replaced and calibrated Decem-

ber 3rd   
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• Pump 4 (which feeds Hydrosplitter 1) runtime was modified December 8th from 
31 seconds to 44 seconds 

• Hydrosplitter 1 petcock valves were adjusted December 8th to provide equal dis-
tribution of flow to each of the five Stage 1 biofilters with input volumes as close 
to the target volume as possible    

 
The flows were rechecked after modifications to the systems were made and are pro-
vided in Appendix C, Table 2.  The UNSAT-PS1 measured influent volume is closer to 
the target as measured on December 8th which will continue to be monitored.  After re-
placing and calibrating the Pump 5 pump and system tubing on December 3rd, the influ-
ent doses to UNSAT-IS1 and UNSAT-IS2 were closer to the target volume.  After cali-
brating the Pump 10 pump tubing on November 19th, the influent doses to UNSAT-IS3 
and UNSAT-IS4 were equal to the target volume.  

5.0 PNRS II Sample Event No. 3: Summary and Recommendations 

5.1 Summary  
The results of the third sampling event serve to confirm that the experimental systems 
are functioning as intended and provide the basis upon which to make system adjust-
ments and modifications.  The Sample Event No. 3 results indicate that: 

• Delivered flowrates to all biofilters continued to be generally within 15% of target; 

• Septic tank effluent (STE) quality supplied to PNRS II systems is reasonably cha-
racteristic of typical household STE quality due to system modifications; 

• Nine out of ten Stage 1 unsaturated biofilters produced effluent NH3-N of 2.4 
mg/L or less; 

• Five out of nine Stage 2 saturated biofilters produced effluent NOx-N of 0.14 
mg/L or less;  

These results provide continuing support of the nitrogen reduction potential of the PNRS 
II biofiltration systems.  Where expected or desired PNRS II outcomes are not being 
achieved, they appear to be due to tractable issues can be addressed, as discussed in 
the following sections. 
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5.2 Recommendations  
Careful observation of PNRS II systems and the results of Sample Events No. 1 to 3 
were used to formulate recommendations for adjustments and modifications to the test 
systems and the GCREC pilot facility.  The issues to be addressed, recommended mod-
ifications and their rationale, and expected outcomes are presented below.  Recommen-
dations are made for each of the PNRS II performance issues that have been identified.  
It is believed that each issue can be resolved by implementing the recommendations.  
All recommendations are based on the overriding PNRS II goal of providing functional 
specifications for modular biofiltration components for passive onsite nitrogen reducing 
treatment systems.  The project team will continuously evaluate all PNRS II results in-
cluding those that particularly result from implementation of the recommendations and 
make further adaptations as needed. 

5.2.1 Polystyrene Biofilter (UNSAT-PS1) Recycle Rate 
In Sample Event 3, the unsaturated single pass biofilter with polystyrene media (UNSAT-
PS1) exhibited better nitrogen performance as a recirculating system as compared to the 
single pass configuration during Sample Event 1 and 2.   Visual observations of the me-
dia surface during the single pass system configuration suggested that the STE applica-
tion system resulted in somewhat better distribution than previously due to the higher 
application rates with recycle.  However, there is still room for improvement in this re-
gard.    
 
Therefore, it is recommended to increase the recycle rate due to the characteristics of 
the polystyrene media and the polystyrene based treatment process which appears to 
function better with high recycle rates.  The results of Sample Event 3 indicate that the 
polystyrene media performance is greatly improved as a recycle versus single pass sys-
tem, however significant effluent NH3-N remained, so its potential utility in enhanced ni-
trogen reduction systems depends on further improving ammonia removal. Therefore it 
is recommended that the Pump 15 runtime is increased so that the recycle ratio is in-
creased to 6:1 from the current 3:1 ratio.   

5.2.2 Additional Monitoring UNSAT-IS3 and UNSAT-IS4 
Visual observation of both UNSAT-IS3 and UNSAT-IS4 indicated that the sampling valve 
in the gravel layer located below the lignocellulosic/expanded clay media and above the 
sulfur media was leaking immediately prior to Sample Event 3.  The IS3 and IS4 results 
indicate that the system may have been compromised by the leak.  Additionally, Sample 
Event 3 was conducted only three weeks after start-up of these columns, and biological 
activity may not have been fully mature at the time of sampling.  It is recommended that 
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an intermediate monitoring of IS3 and IS4 nitrogen species to delineate inorganic N per-
formance is conducted as this is a critical path for in-situ mound construction.  

5.2.3 Profiling of Denitrification Biofilters 
As discussed within Section 4.2, the denitrification biofilters (Stage 2) effluent water 
quality provided puzzling results. It is recommended to gain additional insight into the 
operation of the denitrification biofilters by taking profile samples for NOx-N, DO, ORP, 
COD and for the biofilters containing sulfur media, SO4 and H2S as well.  

5.2.4 Lignocellulosic Denitrification Biofilters (DENIT-LS1, DENIT-LS2, DENIT-LS3, 
and DENIT-LS4) 

The three upflow and one horizontal denitrification biofilters with lignocellulosic media 
showed limited NOx reduction in Sample Event 3.  As previously discussed in Section 
4.2, ORP measurements indicate that the lignocellulosic systems are not driving the 
ORP into the reducing realms in which denitrification is fostered. Possible reasons are 
lack of reactivity of lignocellulosic material, short circuiting as witnessed in the dye test, 
or toxicity (release of toxic material from lignocellulosic material itself). A few possible 
options are recommended to be considered.  To evaluate alternative lignocellulosic me-
dia material, small diameter columns can be constructed incorporating an alternative lig-
nocellulosic media. In addition, the lignocellulosic biofilter effluent can be tested for toxic-
ity screening using Microtox to evaluate the condition of the currently used lignocellulosic 
media.  

5.2.5 Continue to Monitor Quality of STE Supplied to PNRS II Systems 
The characteristics of GCREC septic tank effluent in Sample Event 3 were more typical 
of Florida single family residences than in previous sample events.  It seems likely that 
this was at least partially due to the system modifications that were implemented after 
Sample Event 2 but prior to Sample Event 3.  Continued diligence will be maintained to 
insure that the PNRS II systems are supplied STE of acceptable characteristics.   
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Appendix A: Operation & Maintenance Log 

 
 

Table A.1 
Operation and Maintenance Log 

Date Description 
5/17/2010 Start-up 
5/20/2010 Pump 1 not in Auto, LL float alarm, refilled Tank 1 to HIGH float 
5/24/2010 Glycerol batch #1 prepared (125 mL glycerol; 1875 mL DI water), feed rate ~ 8 mL/dose 
5/26/2010 LL float alarm, refilled Tank 1 to HIGH float 

6/1/2010 Replaced glycerol tubing 
6/4/2010 LL float alarm, refilled Tank 1 to HIGH float, determined that LOW float is faulty 

Revised floats so that old Low Float is now High float  
Revised program installed so that only LOW Float turns on/off Pump 1 

6/8/2010 Glycerol batch #2 prepared (125 mL glycerol; 1875 mL DI water), feed rate ~ 8 mL/dose 
6/18/2010 Pump 1 screen cleaned with hose 
6/21/2010 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 

Pump 8 was on "OFF", turned back to "AUTO" 
6/22/2010 Pump 5 had turned off, turned back on at 9:32 am 
6/28/2010 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 

Replaced glycerol tubing, kink in top, added elbow 
Russ replaced existing GCREC mound Pump 2 ~ 11:00 am 

7/2/2010 Pump 1 screen cleaned with hose 
7/8/2010 Glycerol tubing had released to bottom of container, replaced with polyethylene tubing 

Tank 1 LOW Float alarm, revised magnet distance to shorten Pump 1 runtime 
Pump 1 screen cleaned with hose 

7/12/2010 Pump 5 Error Code 18, cleared alarm and restarted pump 
7/14/2010 UPS beeping, problem with receptacle, temporary fix with extension cord 
7/15/2010 Electrician fixed receptacle 
7/16/2010 Per Dr. Stanley all condensate flow diverted from septic system 

Russ fixed existing GCREC Mound Pump 2 which had not been running 
Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 
Glycerol batch #3 prepared (125 mL glycerol; 1875 mL DI water), feed rate ~ 8 mL/dose 
Capillary mat added to PS-1  

7/19/2010 IS 1 changed discharge (rotated 180°) now 15 inches of saturation from bottom of tank  
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Date Description 
7/20/2010 IS 2 changed discharge (rotated 180°) now 15 inches of saturation from bottom of tank  
7/26/2010 Removed PS1 capillary mat from inside mesh bag, replaced with new mat on top of bag 

Glycerol batch #4 (70 mL glycerol; 1930 mL DI water), feed rate ~ 10 mL/dose 
8/3/2010 Glycerol batch #5 (70 mL glycerol; 1930 mL DI water), feed rate ~ 10 mL/dose 
8/4/2010 Cleaned crosses in Stage 1 Recirculating Biofilters 

Added tees to outlet of RC1 and RC4 tanks to alleviate blockage build-up 
Replaced Hydrosplitter 1 & 2 tubing 
Replaced Stage 2 horizontal tubing from Pump 11 
Cleaned Stage 2 horizontal sample ports 
Lowered Pump 1 Low Float 2 wraps to decrease volume in tank( decrease residence time) 

8/10/2010 Glycerol batch #6 (70 mL glycerol; 1930 mL DI water), feed rate ~ 10 mL/dose 
Raised Pump 1 Low Float 1 wrap because float down was below the hole  

8/12/2010 Revised tubing connection at top of In-Situ simulator tanks to elbow  
8/17/2010 Glycerol batch #7 (70 mL glycerol; 1930 mL DI water), feed rate ~ 10 mL/dose 

Added tees to outlet in RC2 and RC3 tanks as well 
Revised RC tanks discharge piping to flexible hose   

8/19/2010 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 
8/23/2010 Possible leak detected at Recirc Tank #2 for P7 
8/27/2010 Glycerol batch #8 (70 mL glycerol; 1930 mL DI water), feed rate ~ 10 mL/dose 

9/1/2010 Replaced elbow for Recirc Tank #2 (STE tubing) to fix leak 
9/7/2010 Glycerol batch #9 (70 mL glycerol; 1930 DI water), feed rate ~ 10 mL/dose 

Removed PS1 capillary mat 
9/9/2010 Replaced Pump 5 pump tubing 

9/10/2010 Cut the LS4 inlet pipe and used a drain snake to unclog both elbows 
9/13/2010 Glycerol batch #10 (70 mL glycerol; 1980 DI water), feed rate ~ 10 mL/dose 
9/17/2010 Modified Pump 7 runtime to 15 seconds per dose 
9/21/2010 Reconnected the glycerol tubing between bottle and pump head which had separated 

Added sample ports to recirculation pump tank discharge lines for flow measurement 
capability 

9/28/2010 Glycerol batch #11 (70 mL glycerol; 1930 DI water), feed rate ~ 10 mL/dose 
New clear glycerol bottle with graduated sides, replaced tubing 

10/5/2010 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 
10/6/2010 Glycerol batch #12 (30 mL glycerol; 1970 DI water), feed rate ~ 10 mL/dose 
10/7/2010 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 
10/8/2010 Modified Pump 1 discharge pipe to extend through Tank 1 hole in baffle wall 
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Appendix A December 2010 

FLORIDA DEPARTMENT OF HEALTH PAGE A-3 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 3 HAZEN AND SAWYER, P.C. 

 

Date Description 
10/11/2010 DENIT-GL-1 nitrified STE influent tubing had disconnected, reattached 

Calibrated IS1 and IS2 tubing 
Calibrated Stage 2 horizontal tubing 

10/14/2010 Glycerol batch #13 (30 mL glycerol; 1970 DI water), feed rate ~ 10 mL/dose 
Built new in-situ columns IS3 and IS4 

10/15/2010 Unclogged PS1 discharge pipe 
Cleaned Pump 1 intake screen 
Lowered Pump 1 Low Float 1 wrap to decrease volume in tank( to decrease residence 
time) 

10/18/2010 Completed IS3 and IS4 piping, started dosing  @ 9:30 am 
Added 3” coarse sand to UNSAT-IS1 for complete nitrification 

10/19/2010 Started dye test DENIT-LS2 and DENIT-LS3 
Lowered Pump 1 Low Float 1 wrap to decrease volume in tank( to decrease residence 
time) 

10/20/2010 Calibrated IS3 and IS4 tubing  
Glycerol batch #14 (15 mL glycerol; 985 DI water), feed rate ~ 10 mL/dose 

10/22/2010 Moved Pump 1 to effluent baffle tee of existing GCREC Tank 1 
Converted UNSAT-PS1 to recirculating biofilter 

10/25/2010 Glycerol batch #15 (15 mL glycerol; 985 DI water), feed rate ~ 10 mL/dose 
DENIT-SU4 media ~5.5" below initial level 
Removed DENIT-SU4, DENIT-SU2 and DENIT-LS2 media 
Cleaned tanks 
Replaced DENIT-SU2 media (30% sulfur, 10% limestone, 60% expanded clay mixture) 
Replaced DENIT-SU4 media (30% sulfur, 10% limestone, 60% expanded clay mixture) 
Replaced DENIT-LS2 media (25% lignocellulosic, 75% expanded clay mixture) 

10/27/2010 Glycerol batch #16 (13.5 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
11/1/2010 Glycerol batch #17 (13.5 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
11/5/2010 Glycerol batch #18 (13.5 mL glycerol; 986.5 DI water), feed rate ~ 10 mL/dose 

11/11/2010 Glycerol batch #19 (13.5 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
11/18/2010 Glued UNSAT-IS3 and UNSAT-IS4 discharge piping to stop potential leaks 

Glycerol batch #20 (13.5 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
Calibrated UNSAT-IS3 and IS4 tubing 

11/24/2010 Glycerol batch #21 (13.5 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
11/29/2010 Glycerol batch #21 (13.5 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 

Threaded and glued UNSAT-IS3 and UNSAT-IS4 petcock valves 
12/1/2010 Tank 1 low-low float alarm activated, high float had activated in Tank 1 preventing   

Pump 1 to run. Cleared both alarms 
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Appendix A December 2010 

FLORIDA DEPARTMENT OF HEALTH PAGE A-4 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 3 HAZEN AND SAWYER, P.C. 

 

Date Description 

12/3/2010 Cleared plug in DENIT-LS4 influent piping 
Replaced Hydrosplitter 1 & 2 tubing 
Replaced Pump 11 pump and system tubing 
Replaced Pump 5 pump and system tubing 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure A.1 
Capillary Mat Installed above Polystyrene Media 
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Appendix A December 2010 

FLORIDA DEPARTMENT OF HEALTH PAGE A-5 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 3 HAZEN AND SAWYER, P.C. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure A.2  
Revised In-situ Simulators Discharge Piping 

 

Figure A.3 
RC1 Outlet Tee 
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Appendix A December 2010 

FLORIDA DEPARTMENT OF HEALTH PAGE A-6 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 3 HAZEN AND SAWYER, P.C. 

 

Figure A.4 
UNSAT-CL4 before Cleaning 

 
 
 
 
 
 
 
 
 
 
 
 

Figure A.5 
UNSAT-CL4 after Cleaning 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure A.6 

Outlet Tee in Recirculation Tank 
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Appendix A December 2010 

FLORIDA DEPARTMENT OF HEALTH PAGE A-7 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 3 HAZEN AND SAWYER, P.C. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure A.7 
Unclogging UNSAT-LS4 Influent Pipe  

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure A.8 
2” Pipe Extension into PNRS II Tank 1 Pump Chamber 

2” Pipe Extension 
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Appendix A December 2010 

FLORIDA DEPARTMENT OF HEALTH PAGE A-8 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 3 HAZEN AND SAWYER, P.C. 

 

 
Figure A.9 

UNSAT-IS3 and UNSAT-IS4 Columns 
 
 

 
 
 
 

UNSAT-IS3 UNSAT-IS4 
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FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY  PAGE B-1 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 3 HAZEN AND SAWYER, P.C. 

 
Appendix B: PLC Data Tables 

Table B.1 
Summary of PLC Recorded Daily Flows 

(9/1/10 – 11/9/10) 
 Average 

Recorded 
Flow 
(gpd) 

Std. 
Dev. 

MIN 
(gpd) 

MAX 
(gpd) 

Target 
Flow  
(gpd) 

Relative Error1 

(%) 

Pump 4 to Hydro 1 70 2.52 65 76 73.7 -4.8% 
Pump 14 to Hydro 2 62 1.38 59 68 58.9 4.6% 
Pump 6 to Recirc. 
System 1 44 0.97 43 51 44.2 0.2% 

Pump 7 to Recirc. 
System 2 45 1.65 43 52 44.2 2.5% 

Pump 8 to Recirc. 
System 3 44 0.46 43 45 44.2 -0.4% 

Pump 9 to Recirc. 
System 4 44 0.64 42 45 44.2 -0.5% 

Pump 15 to Recirc. 
System 5 42 0.60 41 43 44.2 -5.4% 
1Relative Error = (Recorded Flow – Target Flow)/ Target Flow *100 

Table B.2 
Summary of PLC Recorded Daily Runtimes 

(9/1/10 – 11/9/10) 
 Average 

Recorded 
Daily 

Runtime 
(minutes/day)

Std. 
Dev. 

MIN 
(minutes)

MAX 
(minutes)

Target 
Daily 

Runtime 
(minutes) 

Relative Error1 
(%) 

Pump 4 to Hydro 1 12.8 0.4 12.0 13.0 12.4 3.0% 
Pump 14 to Hydro 2 10.8 0.4 10.0 11.0 10.4 3.7% 
Pump 6 to Recirc. 
System 1 6.4 0.5 6.0 7.0 6.0 6.4% 
Pump 7 to Recirc. 
System 2 6.5 0.5 6.0 7.0 6.0 8.1% 
Pump 8 to Recirc. 
System 3 6.4 0.5 6.0 7.0 6.0 6.4% 
Pump 9 to Recirc. 
System 4 6.4 0.5 6.0 7.0 6.0 6.4% 
Pump 15 to Recirc. 
System 5 6.4 0.5 6.0 7.0 6.0 6.5% 
1Relative Error = (Recorded Runtime – Target Runtime)/ Target Runtime *100
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FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY  PAGE C-1 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 3 HAZEN AND SAWYER, P.C. 

 
Appendix C: Flow Test Results 
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Appendix C December 2010 

FLORIDA DEPARTMENT OF HEALTH PAGE C-2 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 3 HAZEN AND SAWYER, P.C. 

 

Table C.1 
Flow Test Results (before flow recalibration) 

 
 

Target Input 
Volume

Dose/day
Target Input 

Volume
Measured Input 

Volume
Relative Error 

(%)
Measured 

Output Volume
Relative Error 

(%)

Calculated 
Recycle Ratio 

(RR)

Relative Error 
(%)

(mL/day) (Dose/day) (mL/dose) (mL/dose)

  (Measured 
Input -Target 

Input) / Target 
Input * 100

(mL/dose)

  (Measured 
Output -Target 
Input) / Target 

Input * 100

Volume Recycle 
/ Volume STE

Measured RR - 
Target RR / 

Measured RR * 
100

 Stage 1 Single Pass Biofilters        
(Hydrosplitter 1)

Date
9/10/2010 Dose 

@ 10:00 am
9/1/10          

12:53 - 1:53 pm

UNSAT-PS1 2,175 -6.2% 3,575 54.2%

UNSAT-CL3 2,295 -1.0% 2,405 3.7%

UNSAT-CL1 2,330 0.5% 2,303 -0.7%

UNSAT-EC3 2,245 -3.2% 2,368 2.1%

UNSAT-EC1 2,330 0.5% 2,405 3.7%

Mean 2,275 -1.9% 2,611 12.6%

Stage 2 Single Pass Upflow Biofilters

Date
9/1/10          

8:42 - 9:42 am

DENIT-LS4 1,779 -23.3%

DENIT-LS2 3,437 48.2%

DENIT-SU3 2,857 23.2%

DENIT-LS3 2,770 19.4%

DENIT-SU4 2,407 3.8%

Mean 2,650 14.3%

Stage 1 Recirculating Biofilters 
(Hydrosplitter 2)

Date
(9/10/10) dose @ 

10:30 am

RC1 : UNSAT-SA2 2,300 -0.8%

RC2 : UNSAT-EC4 2,520 8.7%

RC3 : UNSAT-CL2 2,410 3.9%

RC4 : UNSAT-CL4 2,380 2.6%

Mean 2,403 3.6%

Stage 1 Recirculating Biofilters   
(Recycle)

PLC Recorded 
(9/10/2010)

RC1 : UNSAT-SA2 6,939 -0.3% 3.02 0.6%

RC2 : UNSAT-EC4 7,570 8.8% 3.00 0.1%

RC3 : UNSAT-CL2 6,939 -0.3% 2.88 -4.2%

RC4 : UNSAT-CL4 6,939 -0.3% 2.92 -2.9%

Mean 7,097 2.0% 2.95 -1.6%

Stage 1 Recirculating Biofilters  
(Hydrosplitter 2 + Recycle)

9/1/2010        
10:10 - 11:10 am

RC1 : UNSAT-SA2 9,290 0.2%

RC2 : UNSAT-EC4 10,170 9.6%

RC3 : UNSAT-CL2 9,325 0.5%

RC4 : UNSAT-CL4 9,184 -1.0%

Mean 9,492 2.3%

Horizontal Denitrification Biofilters

Date
9/10/10 dose @ 

12:06 pm 
9/1/2010        

12:58 - 1:58 pm

DENIT-SU1 298 -3.5% 239 -22.6%

DENIT-SU2 296 -4.1% 275 -10.9%

DENIT-GL1 295 -4.4% 272 -11.9%

DENIT-LS1 282 -8.6% 248 -19.7%

Mean 293 -5.2% 259 -16.3%

 In-Situ Simulators

Date
9/1/2010 manual 

dose
9/1/10          

8:49 - 12:49 pm

UNSAT-IS1 (STE) 2,551 3.3% 1,823 -26.2%

UNSAT-IS2 (Nitrified STE) 2,288 -7.3% 2,360 -4.4%
  Notes:  Yellow-shaded cells are measured values; grey-shaded cells are calculated values

4

3

2

308.77,409

2,46914,814

24

6

2,31955,656 24

222,624 24 9,276

1

166,968 24 6,957

2,31955,656

2,31955,656

24

24

Measured Output Recycle Ratio

Biofilter/Flow
Group        

(Figure 1)

Measured InputTarget Input
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Appendix C December 2010 

FLORIDA DEPARTMENT OF HEALTH PAGE C-3 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 3 HAZEN AND SAWYER, P.C. 

 

Table C.2 
Flow Test Results (after flow recalibration) 

 
 
 Target Input 

Volume
Dose/day

Target Input 
Volume

Measured Input 
Volume

Relative Error 
(%)

Calculated 
Recycle Ratio 

(RR)

Relative Error 
(%)

(mL/day) (Dose/day) (mL/dose) (mL/dose)

  (Measured 
Input -Target 

Input) / Target 
Input * 100

Volume Recycle 
/ Volume STE

Measured RR - 
Target RR / 

Measured RR * 
100

 Stage 1 Single Pass Biofilters        
(Hydrosplitter 1)

Date
(12/8/10) manual 
dose @ 8:45 am

UNSAT-PS1 2,320 0.0%

UNSAT-CL3 2,395 3.3%

UNSAT-CL1 2,340 0.9%

UNSAT-EC3 2,300 -0.8%

UNSAT-EC1 2,340 0.9%

Mean 2,339 0.9%

Stage 2 Single Pass Upflow Biofilters

Date
11/19/2010 8:00-

9:00 am

DENIT-LS4 1,690

DENIT-LS2 2,090

DENIT-SU3 2,425

DENIT-LS3 2,025

DENIT-SU4 2,120

Mean

Stage 1 Recirculating Biofilters 
(Hydrosplitter 2)

Date
(11/19/10) dose 

@ 9:30 am

RC1 : UNSAT-SA2 2,105 -9.2%

RC2 : UNSAT-EC4 2,270 -2.1%

RC3 : UNSAT-CL2 2,345 1.1%

RC4 : UNSAT-CL4 2,220 -4.3%

Mean 2,235 -3.6%

Stage 1 Recirculating Biofilters   
(Recycle)

Flowmeter  
11/19/10  8:30 

RC1 : UNSAT-SA2 6,586 -5.3% 3.13 4.1%

RC2 : UNSAT-EC4 7,116 2.3% 3.13 4.3%

RC3 : UNSAT-CL2 7,002 0.7% 2.99 -0.5%

RC4 : UNSAT-CL4 6,586 -5.3% 2.97 -1.1%

RC5 : UNSAT-PS1 6,662 -4.2% 2.98 -0.7%

Mean 6,822 -1.9% 3.05 1.8%

Stage 1 Recirculating Biofilters  
(Hydrosplitter + Recycle)

RC1 : UNSAT-SA2 8,691

RC2 : UNSAT-EC4 9,386

RC3 : UNSAT-CL2 9,347

RC4 : UNSAT-CL4 8,806

RC5 : UNSAT-PS1 8,982

Mean 9,042

Horizontal Denitrification Biofilters

Date
11/19/10 dose @ 

8:25 am 

DENIT-SU1 302 -2.2%

DENIT-SU2 295 -4.4%

DENIT-GL1 295 -4.4%

DENIT-LS1 300 -2.8%

Mean 298 -3.5%

 In-Situ Simulators

Date
12/3/2010       

manual dose

UNSAT-IS1 (STE) 2,600 5.3%

UNSAT-IS2 (Nitrified STE) 2,660 7.7%

Date
11/19/2010 

manual dose

UNSAT-IS3 (STE) 99 0.0%

UNSAT-IS4 (Nitrified STE) 99 0.0%
  Notes:  Green-shaded cells are measured values following completion of system modifications; yellow-shaded cells are measured values; grey-shaded cells are calculated values

166,968 24 6,957

222,624 24 9,276

594 6 99

3
7,409 24 308.7

14,814 6 2,4694

2

55,656 24 2,319

1

55,656 24 2,319

55,656 24 2,319

Recycle Ratio

Group        
(Figure 1)

Biofilter/Flow

Target Input Measured Input
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FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY  PAGE D-1 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO.  3 HAZEN AND SAWYER, P.C. 

 
Appendix D: Laboratory Report 

 



Work Order: 1001627

Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 7, 2011

Revised Report

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1001627-01

11/10/10 13:50

Thomas Drunasky

11/10/10 17:50

PNRS II STE-TI  

Field Parameters

DEP FT1100 TDDpH SU 0.1 11/10/10 13:500.17.2

DEP FT1400 TDDWater Temperature °C 0.1 11/10/10 13:500.125.1

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 11/10/10 13:500.11,250

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 11/10/10 13:500.12.4

Inorganics

SM 4550SF KTCHydrogen Sulfide (Unionized) mg/L 0.04 11/12/10 16:000.015.4

EPA 350.1 SMBAmmonia as N mg/L 0.010 11/17/10 17:040.00567

SM 5210B KTCCarbonaceous BOD mg/L 11/12/10 10:002 11/17/10 13:07291

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 11/16/10 08:4510240

EPA 300.0 MEJSulfate mg/L 11/15/10 09:530.60 11/15/10 23:400.2033

SM 4500SF KTCSulfide mg/L 4.0 11/12/10 16:001.015

SM 2320B KTCTotal Alkalinity mg/L 8.0 11/16/10 12:302.0430

SM 2540C MJVTotal Dissolved Solids mg/L 11/15/10 11:0010 11/16/10 14:0010450

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 11/19/10 07:300.20 11/19/10 15:470.0580

SM 2540D MJVTotal Suspended Solids mg/L 12/15/10 15:301 12/16/10 14:58170 Q

EPA 353.2 SMBNitrate+Nitrite (as N) mg/L 0.04 11/17/10 15:500.010.01 I

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1001627-02

11/10/10 12:00-11/10/10 12:50

Thomas Drunasky

11/10/10 17:50

RC1  

Field Parameters

DEP FT1100 TDDpH SU 0.1 11/10/10 12:500.17.3

DEP FT1400 TDDWater Temperature °C 0.1 11/10/10 12:500.120.6

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 11/10/10 12:500.11,000

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 11/10/10 12:500.12.1

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 11/17/10 17:040.00512

SM 5210B KTCCarbonaceous BOD mg/L 11/12/10 10:002 11/17/10 13:0722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 11/16/10 08:451029

SM 2320B KTCTotal Alkalinity mg/L 8.0 11/16/10 12:302.0180

SM 2540C MJVTotal Dissolved Solids mg/L 11/15/10 11:0010 11/16/10 14:0010580

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 11/19/10 07:300.20 11/19/10 15:470.0517

SM 2540D MJVTotal Suspended Solids mg/L 11/17/10 14:171 11/17/10 14:1913

EPA 353.2 SMBNitrate+Nitrite (as N) mg/L 0.04 11/17/10 15:500.0124

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1001627

Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 7, 2011

Revised Report

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1001627-03

11/10/10 13:00

Thomas Drunasky

11/10/10 17:50

RC2  

Field Parameters

DEP FT1100 TDDpH SU 0.1 11/10/10 13:000.17.2

DEP FT1400 TDDWater Temperature °C 0.1 11/10/10 13:000.119.5

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 11/10/10 13:000.11,020

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 11/10/10 13:000.11.6

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 11/17/10 17:040.00513

SM 5210B KTCCarbonaceous BOD mg/L 11/12/10 10:002 11/17/10 13:0728

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 11/16/10 08:451035

SM 2320B KTCTotal Alkalinity mg/L 8.0 11/16/10 12:302.0210

SM 2540C MJVTotal Dissolved Solids mg/L 11/15/10 11:0010 11/16/10 14:0010590

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 11/19/10 07:300.20 11/19/10 15:470.0519

SM 2540D MJVTotal Suspended Solids mg/L 11/17/10 14:171 11/17/10 14:1912

EPA 353.2 SMBNitrate+Nitrite (as N) mg/L 0.04 11/17/10 15:500.0124 J5

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1001627-04

11/10/10 13:10

Thomas Drunasky

11/10/10 17:50

RC3  

Field Parameters

DEP FT1100 TDDpH SU 0.1 11/10/10 13:100.17.2

DEP FT1400 TDDWater Temperature °C 0.1 11/10/10 13:100.119.2

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 11/10/10 13:100.11,040

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 11/10/10 13:100.12.3

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 11/17/10 17:040.00512

SM 5210B KTCCarbonaceous BOD mg/L 11/12/10 10:002 11/17/10 13:0729

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 11/16/10 08:451039

SM 2320B KTCTotal Alkalinity mg/L 8.0 11/16/10 12:302.0260

SM 2540C MJVTotal Dissolved Solids mg/L 11/15/10 11:0010 11/16/10 14:0010550

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 11/19/10 07:300.20 11/19/10 15:470.0519

SM 2540D MJVTotal Suspended Solids mg/L 11/17/10 14:171 11/17/10 14:1916

EPA 353.2 SMBNitrate+Nitrite (as N) mg/L 0.04 11/17/10 15:500.0117

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1001627

Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 7, 2011

Revised Report

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1001627-05

11/10/10 13:20

Thomas Drunasky

11/10/10 17:50

RC4  

Field Parameters

DEP FT1100 TDDpH SU 0.1 11/10/10 13:200.17.4

DEP FT1400 TDDWater Temperature °C 0.1 11/10/10 13:200.119.7

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 11/10/10 13:200.11,090

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 11/10/10 13:200.11.9

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 11/17/10 17:040.00512

SM 5210B KTCCarbonaceous BOD mg/L 11/12/10 10:002 11/17/10 13:0724

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 11/16/10 08:451026

SM 2320B KTCTotal Alkalinity mg/L 8.0 11/16/10 12:302.0260

SM 2540C MJVTotal Dissolved Solids mg/L 11/15/10 11:0010 11/16/10 14:0010590

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 11/19/10 07:300.20 11/19/10 15:470.0517

SM 2540D MJVTotal Suspended Solids mg/L 11/17/10 14:171 11/17/10 14:1912

EPA 353.2 SMBNitrate+Nitrite (as N) mg/L 0.04 11/17/10 15:500.0118

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1001627-06

11/10/10 16:10

Thomas Drunasky

11/10/10 17:50

RC5  

Field Parameters

DEP FT1100 TDDpH SU 0.1 11/10/10 16:100.17.3

DEP FT1400 TDDWater Temperature °C 0.1 11/10/10 16:100.122.0

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 11/10/10 16:100.11,050

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 11/10/10 16:100.13.3

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 11/17/10 17:040.00528

SM 5210B KTCCarbonaceous BOD mg/L 11/12/10 11:052 11/17/10 13:0728

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 11/16/10 08:451061

SM 2320B KTCTotal Alkalinity mg/L 8.0 11/16/10 12:302.0260

SM 2540C MJVTotal Dissolved Solids mg/L 11/15/10 11:0010 11/16/10 14:0010480

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 11/19/10 07:300.20 11/19/10 15:470.0531

SM 2540D MJVTotal Suspended Solids mg/L 11/17/10 14:171 11/17/10 14:1918

EPA 353.2 SMBNitrate+Nitrite (as N) mg/L 0.04 11/17/10 15:500.0114

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1001627

Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 7, 2011

Revised Report

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1001627-07

11/10/10 13:45

Thomas Drunasky

11/10/10 17:50

P15-T  

Field Parameters

DEP FT1100 TDDpH SU 0.1 11/10/10 13:450.17.4

DEP FT1400 TDDWater Temperature °C 0.1 11/10/10 13:450.120.7

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 11/10/10 13:450.1970

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 11/10/10 13:450.17.1

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 11/17/10 17:040.00517

SM 5210B KTCCarbonaceous BOD mg/L 11/12/10 10:002 11/17/10 13:0723

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 11/16/10 08:451033

SM 2320B KTCTotal Alkalinity mg/L 8.0 11/16/10 12:302.0200

SM 2540C MJVTotal Dissolved Solids mg/L 11/15/10 11:0010 11/16/10 14:0010550

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 11/19/10 07:300.20 11/19/10 15:470.0521

SM 2540D MJVTotal Suspended Solids mg/L 11/17/10 14:171 11/17/10 14:1916

EPA 353.2 SMBNitrate+Nitrite (as N) mg/L 0.04 11/17/10 15:500.0121

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1001627-08

11/10/10 10:00

Thomas Drunasky

11/10/10 17:50

UNSAT-IS1  

Field Parameters

DEP FT1100 TDDpH SU 0.1 11/10/10 10:000.16.8

DEP FT1400 TDDWater Temperature °C 0.1 11/10/10 10:000.120.5

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 11/10/10 10:000.11,120

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 11/10/10 10:000.11.9

Inorganics

SM 4550SF KTCHydrogen Sulfide (Unionized) mg/L 0.04 11/12/10 16:000.012.8

EPA 350.1 SMBAmmonia as N mg/L 0.010 11/17/10 17:040.00550 J5

SM 5210B KTCCarbonaceous BOD mg/L 11/11/10 15:002 11/16/10 12:1022 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 11/16/10 08:451076

EPA 300.0 MEJSulfate mg/L 11/15/10 09:530.60 11/15/10 23:400.2079

SM 4500SF KTCSulfide mg/L 4.0 11/12/10 16:001.04.7

SM 2320B KTCTotal Alkalinity mg/L 8.0 11/16/10 12:302.0390

SM 2540C MJVTotal Dissolved Solids mg/L 11/15/10 11:0010 11/16/10 14:0010540

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 11/19/10 07:300.20 11/19/10 15:470.0553

SM 2540D MJVTotal Suspended Solids mg/L 11/17/10 14:171 11/17/10 14:1916

EPA 353.2 SMBNitrate+Nitrite (as N) mg/L 0.04 11/17/10 15:500.010.18

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1001627

Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 7, 2011

Revised Report

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1001627-09

11/10/10 09:45

Thomas Drunasky

11/10/10 17:50

UNSAT-IS2  

Field Parameters

DEP FT1100 TDDpH SU 0.1 11/10/10 09:450.16.8

DEP FT1400 TDDWater Temperature °C 0.1 11/10/10 09:450.119.2

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 11/10/10 09:450.11,300

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 11/10/10 09:450.10.8

Inorganics

SM 4550SF KTCHydrogen Sulfide (Unionized) mg/L 0.04 11/12/10 16:000.010.01 U

EPA 350.1 SMBAmmonia as N mg/L 0.010 11/17/10 17:040.0050.80

SM 5210B KTCCarbonaceous BOD mg/L 11/11/10 15:002 11/16/10 12:1022 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 11/16/10 08:451020 I

EPA 300.0 MEJSulfate mg/L 11/15/10 09:530.60 11/15/10 23:400.20380

SM 4500SF KTCSulfide mg/L 4.0 11/12/10 16:001.01.0 U

SM 2320B KTCTotal Alkalinity mg/L 8.0 11/16/10 12:302.0180

SM 2540C MJVTotal Dissolved Solids mg/L 11/15/10 11:0010 11/16/10 14:0010820

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 11/19/10 07:300.20 11/19/10 15:470.051.2

SM 2540D MJVTotal Suspended Solids mg/L 11/17/10 14:171 11/17/10 14:19119

EPA 353.2 SMBNitrate+Nitrite (as N) mg/L 0.04 11/17/10 15:500.010.05

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1001627-11

11/10/10 15:15

Thomas Drunasky

11/10/10 17:50

UNSAT-IS4  

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 11/17/10 17:040.0050.036

EPA 300.0 MEJSulfate mg/L 11/15/10 09:530.60 11/15/10 23:400.20490

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 11/19/10 07:300.20 11/19/10 15:470.052.1

EPA 353.2 SMBNitrate+Nitrite (as N) mg/L 0.04 11/18/10 14:490.0141

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1001627-12

11/10/10 16:00

Thomas Drunasky

11/10/10 17:50

UNSAT-EC1  

Field Parameters

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1001627

Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 7, 2011

Revised Report

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1001627-12

11/10/10 16:00

Thomas Drunasky

11/10/10 17:50

UNSAT-EC1  

DEP FT1100 TDDpH SU 0.1 11/10/10 16:000.16.9

DEP FT1400 TDDWater Temperature °C 0.1 11/10/10 16:000.120.6

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 11/10/10 16:000.11,150

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 11/10/10 16:000.17.1

Inorganics

SM 4550SF KTCHydrogen Sulfide (Unionized) mg/L 0.04 11/12/10 16:000.010.01 U

EPA 350.1 SMBAmmonia as N mg/L 0.010 11/17/10 17:040.0051.3

SM 5210B KTCCarbonaceous BOD mg/L 11/12/10 11:052 11/17/10 13:0722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 11/16/10 08:451010 U

EPA 300.0 MEJSulfate mg/L 11/16/10 11:220.60 11/16/10 16:020.2061

SM 4500SF KTCSulfide mg/L 4.0 11/12/10 16:001.01.0 U

SM 2320B KTCTotal Alkalinity mg/L 8.0 11/16/10 12:302.0180

SM 2540C MJVTotal Dissolved Solids mg/L 11/15/10 11:0010 11/16/10 14:0010770

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 11/19/10 07:300.20 11/19/10 15:470.054.8

SM 2540D MJVTotal Suspended Solids mg/L 11/17/10 14:171 11/17/10 14:1911 U

EPA 353.2 SMBNitrate+Nitrite (as N) mg/L 0.04 01/06/11 15:320.0162 Q

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1001627-13

11/10/10 11:10

Thomas Drunasky

11/10/10 17:50

UNSAT-SA2  

Field Parameters

DEP FT1100 TDDpH SU 0.1 11/10/10 11:100.16.9

DEP FT1400 TDDWater Temperature °C 0.1 11/10/10 11:100.122.5

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 11/10/10 11:100.1930

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 11/10/10 11:100.17.7

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 11/17/10 17:040.0050.74

SM 5210B KTCCarbonaceous BOD mg/L 11/11/10 15:002 11/16/10 12:1022 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 11/16/10 08:451022 I

SM 2320B KTCTotal Alkalinity mg/L 8.0 11/16/10 12:302.0120

SM 2540C MJVTotal Dissolved Solids mg/L 11/15/10 11:0010 11/16/10 14:0010610

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 11/19/10 07:300.20 11/19/10 15:470.053.5

SM 2540D MJVTotal Suspended Solids mg/L 11/17/10 14:171 11/17/10 14:19113

EPA 353.2 SMBNitrate+Nitrite (as N) mg/L 0.04 11/18/10 14:490.0138

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1001627

Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 7, 2011

Revised Report

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1001627-14

11/10/10 15:30

Thomas Drunasky

11/10/10 17:50

UNSAT-EC3  

Field Parameters

DEP FT1100 TDDpH SU 0.1 11/10/10 15:300.16.8

DEP FT1400 TDDWater Temperature °C 0.1 11/10/10 15:300.121.5

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 11/10/10 15:300.11,250

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 11/10/10 15:300.16.8

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 11/17/10 17:040.0052.4

SM 5210B KTCCarbonaceous BOD mg/L 11/12/10 11:052 11/17/10 13:0722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 11/16/10 08:451010 U

SM 2320B KTCTotal Alkalinity mg/L 8.0 11/16/10 12:302.0220

SM 2540C MJVTotal Dissolved Solids mg/L 11/15/10 11:0010 11/16/10 14:0010850

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 11/19/10 07:300.20 11/19/10 15:470.054.9

SM 2540D MJVTotal Suspended Solids mg/L 11/17/10 14:171 11/17/10 14:1911 U

EPA 353.2 SMBNitrate+Nitrite (as N) mg/L 0.04 11/18/10 14:490.0181

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1001627-15

11/10/10 11:20

Thomas Drunasky

11/10/10 17:50

UNSAT-EC4  

Field Parameters

DEP FT1100 TDDpH SU 0.1 11/10/10 11:200.16.9

DEP FT1400 TDDWater Temperature °C 0.1 11/10/10 11:200.122.2

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 11/10/10 11:200.1980

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 11/10/10 11:200.17.3

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 11/17/10 17:040.0050.005 U

SM 5210B KTCCarbonaceous BOD mg/L 11/11/10 15:002 11/16/10 12:1022 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 11/16/10 08:451010 U

SM 2320B KTCTotal Alkalinity mg/L 8.0 11/16/10 12:302.0140

SM 2540C MJVTotal Dissolved Solids mg/L 11/15/10 11:0010 11/16/10 14:0010660

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 11/19/10 07:300.20 11/19/10 15:470.052.3

SM 2540D MJVTotal Suspended Solids mg/L 11/17/10 14:171 11/17/10 14:1912

EPA 353.2 SMBNitrate+Nitrite (as N) mg/L 0.04 11/18/10 14:490.0150

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1001627

Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 7, 2011

Revised Report

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1001627-16

11/10/10 15:40

Thomas Drunasky

11/10/10 17:50

UNSAT-CL1  

Field Parameters

DEP FT1100 TDDpH SU 0.1 11/10/10 15:400.17.1

DEP FT1400 TDDWater Temperature °C 0.1 11/10/10 15:400.122.0

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 11/10/10 15:400.11,130

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 11/10/10 15:400.17.3

Inorganics

SM 4550SF KTCHydrogen Sulfide (Unionized) mg/L 0.04 11/12/10 16:000.010.01 U

EPA 350.1 SMBAmmonia as N mg/L 0.010 11/17/10 17:040.0050.005 U

SM 5210B KTCCarbonaceous BOD mg/L 11/12/10 11:052 11/17/10 13:0722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 11/16/10 08:451010 U

EPA 300.0 MEJSulfate mg/L 11/16/10 11:220.60 11/16/10 16:020.2062

SM 4500SF KTCSulfide mg/L 4.0 11/12/10 16:001.01.0 U

SM 2320B KTCTotal Alkalinity mg/L 8.0 11/16/10 12:302.0230

SM 2540C MJVTotal Dissolved Solids mg/L 11/15/10 11:0010 11/16/10 14:0010800

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 11/19/10 07:300.20 11/19/10 15:470.052.6

SM 2540D MJVTotal Suspended Solids mg/L 11/17/10 14:171 11/17/10 14:1911 U

EPA 353.2 SMBNitrate+Nitrite (as N) mg/L 0.04 11/18/10 14:490.0144

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1001627-17

11/10/10 11:30

Thomas Drunasky

11/10/10 17:50

UNSAT-CL2  

Field Parameters

DEP FT1100 TDDpH SU 0.1 11/10/10 11:300.17.0

DEP FT1400 TDDWater Temperature °C 0.1 11/10/10 11:300.123.1

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 11/10/10 11:300.11,000

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 11/10/10 11:300.15.4

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 11/17/10 17:040.0050.005 U

SM 5210B KTCCarbonaceous BOD mg/L 11/11/10 15:002 11/16/10 12:1022 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 11/16/10 08:451024 I

SM 2320B KTCTotal Alkalinity mg/L 8.0 11/16/10 12:302.0200

SM 2540C MJVTotal Dissolved Solids mg/L 11/15/10 11:0010 11/16/10 14:0010630

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 11/19/10 07:300.20 11/19/10 15:470.052.3

SM 2540D MJVTotal Suspended Solids mg/L 11/17/10 14:171 11/17/10 14:1912

EPA 353.2 SMBNitrate+Nitrite (as N) mg/L 0.04 11/18/10 14:490.0154

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1001627

Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 7, 2011

Revised Report

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1001627-18

11/10/10 15:50

Thomas Drunasky

11/10/10 17:50

UNSAT-CL3  

Field Parameters

DEP FT1100 TDDpH SU 0.1 11/10/10 15:500.17.4

DEP FT1400 TDDWater Temperature °C 0.1 11/10/10 15:500.122.0

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 11/10/10 15:500.11,280

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 11/10/10 15:500.17.6

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 11/17/10 17:040.0050.005 U

SM 5210B KTCCarbonaceous BOD mg/L 11/12/10 11:052 11/17/10 13:0722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 11/16/10 08:451029

SM 2320B KTCTotal Alkalinity mg/L 8.0 11/16/10 12:302.0290

SM 2540C MJVTotal Dissolved Solids mg/L 11/15/10 11:0010 11/16/10 14:0010820

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 11/19/10 07:300.20 11/19/10 15:470.052.7

SM 2540D MJVTotal Suspended Solids mg/L 11/17/10 14:171 11/17/10 14:1912

EPA 353.2 SMBNitrate+Nitrite (as N) mg/L 0.04 11/18/10 14:490.0180

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1001627-19

11/10/10 11:40

Thomas Drunasky

11/10/10 17:50

UNSAT-CL4  

Field Parameters

DEP FT1100 TDDpH SU 0.1 11/10/10 11:400.17.2

DEP FT1400 TDDWater Temperature °C 0.1 11/10/10 11:400.123.5

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 11/10/10 11:400.11,040

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 11/10/10 11:400.18.0

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 11/17/10 17:040.0050.005 U

SM 5210B KTCCarbonaceous BOD mg/L 11/11/10 15:002 11/16/10 12:1022 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 11/16/10 08:451011 I

EPA 300.0 MEJSulfate mg/L 11/16/10 11:220.60 11/16/10 16:020.2063

SM 2320B KTCTotal Alkalinity mg/L 8.0 11/16/10 12:302.0270

SM 2540C MJVTotal Dissolved Solids mg/L 11/15/10 11:0010 11/16/10 14:0010660

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 11/19/10 07:300.20 11/19/10 15:470.052.6

SM 2540D MJVTotal Suspended Solids mg/L 11/17/10 14:171 11/17/10 14:1911 U

EPA 353.2 SMBNitrate+Nitrite (as N) mg/L 0.04 11/18/10 14:490.0140

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1001627-20

11/10/10 13:50

Thomas Drunasky

11/10/10 17:50

UNSAT-PS1  

Field Parameters

DEP FT1100 TDDpH SU 0.1 11/10/10 13:500.17.2

DEP FT1400 TDDWater Temperature °C 0.1 11/10/10 13:500.123.8

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 11/10/10 13:500.1950

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 11/10/10 13:500.17.8

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 11/17/10 17:040.00521

SM 5210B KTCCarbonaceous BOD mg/L 11/12/10 10:002 11/17/10 13:0724

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 11/17/10 07:301039

SM 2320B KTCTotal Alkalinity mg/L 8.0 11/16/10 12:302.0200

SM 2540C MJVTotal Dissolved Solids mg/L 11/15/10 11:0010 11/16/10 14:0010550

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 11/19/10 07:300.20 11/19/10 15:470.0528

SM 2540D MJVTotal Suspended Solids mg/L 11/17/10 14:171 11/17/10 14:1915

EPA 353.2 SMBNitrate+Nitrite (as N) mg/L 0.04 11/18/10 14:490.0170

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1001627-21

11/10/10 10:15

Thomas Drunasky

11/10/10 17:50

DENIT-SU1  

Field Parameters

DEP FT1100 TDDpH SU 0.1 11/10/10 10:150.16.9

DEP FT1400 TDDWater Temperature °C 0.1 11/10/10 10:150.128.0

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 11/10/10 10:150.11,250

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 11/10/10 10:150.11.6

Inorganics

SM 4550SF KTCHydrogen Sulfide (Unionized) mg/L 0.04 11/12/10 16:000.019.2

EPA 350.1 SMBAmmonia as N mg/L 0.010 11/17/10 17:040.0050.76

SM 5210B KTCCarbonaceous BOD mg/L 11/11/10 15:002 11/16/10 12:10218

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 11/17/10 07:301050

EPA 300.0 MEJSulfate mg/L 11/16/10 11:220.60 11/16/10 16:020.20350

SM 4500SF KTCSulfide mg/L 4.0 11/12/10 16:001.017

SM 2320B KTCTotal Alkalinity mg/L 8.0 11/16/10 12:302.0230

SM 2540C MJVTotal Dissolved Solids mg/L 11/15/10 11:0010 11/16/10 14:3010900

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 11/19/10 07:300.20 11/19/10 15:470.051.9

SM 2540D MJVTotal Suspended Solids mg/L 11/17/10 14:171 11/17/10 14:1911 U

EPA 353.2 SMBNitrate+Nitrite (as N) mg/L 0.04 11/18/10 14:490.010.14

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1001627

Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 7, 2011

Revised Report

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1001627-22

11/10/10 10:25

Thomas Drunasky

11/10/10 17:50

DENIT-SU2  

Field Parameters

DEP FT1100 TDDpH SU 0.1 11/10/10 10:250.17.0

DEP FT1400 TDDWater Temperature °C 0.1 11/10/10 10:250.125.5

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 11/10/10 10:250.11,350

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 11/10/10 10:250.10.2

Inorganics

SM 4550SF KTCHydrogen Sulfide (Unionized) mg/L 0.04 11/12/10 16:000.010.01 U

EPA 350.1 SMBAmmonia as N mg/L 0.010 11/17/10 17:040.0050.033

SM 5210B KTCCarbonaceous BOD mg/L 11/11/10 15:002 11/16/10 12:1022 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 11/17/10 07:301018 I

EPA 300.0 MEJSulfate mg/L 11/16/10 11:220.60 11/16/10 16:020.20490

SM 4500SF KTCSulfide mg/L 4.0 11/12/10 16:001.01.0 U

SM 2320B KTCTotal Alkalinity mg/L 8.0 11/16/10 12:302.0210

SM 2540C MJVTotal Dissolved Solids mg/L 11/15/10 11:0010 11/16/10 14:30101,000

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 11/19/10 07:300.20 11/19/10 15:470.050.74

SM 2540D MJVTotal Suspended Solids mg/L 11/17/10 14:171 11/17/10 14:1918

EPA 353.2 SMBNitrate+Nitrite (as N) mg/L 0.04 11/18/10 14:490.010.03 I

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1001627-23

11/10/10 13:30

Thomas Drunasky

11/10/10 17:50

DENIT-SU3  

Field Parameters

DEP FT1100 TDDpH SU 0.1 11/10/10 13:300.17.2

DEP FT1400 TDDWater Temperature °C 0.1 11/10/10 13:300.121.4

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 11/10/10 13:300.11,480

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 11/10/10 13:300.17.7

Inorganics

SM 4550SF KTCHydrogen Sulfide (Unionized) mg/L 0.04 11/12/10 16:000.010.85

EPA 350.1 SMBAmmonia as N mg/L 0.010 11/17/10 17:040.0050.55

SM 5210B KTCCarbonaceous BOD mg/L 11/12/10 10:002 11/17/10 13:0723

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 11/17/10 07:301026

EPA 300.0 MEJSulfate mg/L 11/16/10 11:220.60 11/16/10 16:020.20450

SM 4500SF KTCSulfide mg/L 4.0 11/12/10 16:001.02.4 I

SM 2320B KTCTotal Alkalinity mg/L 8.0 11/16/10 12:302.0260

SM 2540C MJVTotal Dissolved Solids mg/L 11/15/10 11:0010 11/16/10 14:30101,000

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1001627

Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 7, 2011

Revised Report

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1001627-23

11/10/10 13:30

Thomas Drunasky

11/10/10 17:50

DENIT-SU3  

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 11/19/10 07:300.20 11/19/10 15:470.051.8

SM 2540D MJVTotal Suspended Solids mg/L 11/17/10 14:171 11/17/10 14:1912

EPA 353.2 SMBNitrate+Nitrite (as N) mg/L 0.04 11/18/10 14:490.010.05

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1001627-24

11/10/10 13:40

Thomas Drunasky

11/10/10 17:50

DENIT-SU4  

Field Parameters

DEP FT1100 TDDpH SU 0.1 11/10/10 13:400.17.3

DEP FT1400 TDDWater Temperature °C 0.1 11/10/10 13:400.121.0

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 11/10/10 13:400.11,510

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 11/10/10 13:400.17.8

Inorganics

SM 4550SF KTCHydrogen Sulfide (Unionized) mg/L 0.04 11/12/10 16:000.010.09

EPA 350.1 SMBAmmonia as N mg/L 0.010 11/17/10 17:040.0050.10

SM 5210B KTCCarbonaceous BOD mg/L 11/12/10 10:002 11/17/10 13:0722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 11/17/10 07:301013 I

EPA 300.0 MEJSulfate mg/L 11/16/10 11:220.60 11/16/10 16:020.20560

SM 4500SF KTCSulfide mg/L 4.0 11/12/10 16:001.01.0 U

SM 2320B KTCTotal Alkalinity mg/L 8.0 11/16/10 12:302.0210

SM 2540C MJVTotal Dissolved Solids mg/L 11/15/10 11:0010 11/16/10 14:30101,100

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 11/19/10 07:300.20 11/19/10 15:470.050.89

SM 2540D MJVTotal Suspended Solids mg/L 11/17/10 14:171 11/17/10 14:1916

EPA 353.2 SMBNitrate+Nitrite (as N) mg/L 0.04 11/18/10 14:490.010.02 I

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1001627-25

11/10/10 10:40

Thomas Drunasky

11/10/10 17:50

DENIT-LS1  

Field Parameters

DEP FT1100 TDDpH SU 0.1 11/10/10 10:400.17.4

DEP FT1400 TDDWater Temperature °C 0.1 11/10/10 10:400.121.4

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1001627

Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 7, 2011

Revised Report

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1001627-25

11/10/10 10:40

Thomas Drunasky

11/10/10 17:50

DENIT-LS1  

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 11/10/10 10:400.1970

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 11/10/10 10:400.11.1

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 11/17/10 17:040.0050.005 U

SM 5210B KTCCarbonaceous BOD mg/L 11/11/10 15:002 11/16/10 12:1022 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 11/17/10 07:301018 I

SM 2320B KTCTotal Alkalinity mg/L 8.0 11/16/10 12:302.0210

SM 2540C MJVTotal Dissolved Solids mg/L 11/15/10 11:0010 11/16/10 14:3010540

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 11/19/10 07:300.20 11/19/10 15:470.052.7

SM 2540D MJVTotal Suspended Solids mg/L 11/17/10 14:171 11/17/10 14:1911 U

EPA 353.2 SMBNitrate+Nitrite (as N) mg/L 0.04 12/20/10 13:400.0118 Q

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1001627-26

11/10/10 12:15

Thomas Drunasky

11/10/10 17:50

DENIT-LS2  

Field Parameters

DEP FT1100 TDDpH SU 0.1 11/10/10 12:150.17.4

DEP FT1400 TDDWater Temperature °C 0.1 11/10/10 12:150.121.5

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 11/10/10 12:150.11,200

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 11/10/10 12:150.14.1

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 11/17/10 17:040.0050.10

SM 5210B KTCCarbonaceous BOD mg/L 11/12/10 10:002 11/17/10 13:0722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 11/17/10 07:301026

SM 2320B KTCTotal Alkalinity mg/L 8.0 11/16/10 12:302.0320

SM 2540C MJVTotal Dissolved Solids mg/L 11/15/10 11:0010 11/16/10 14:3010780

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 11/19/10 07:300.20 11/19/10 15:470.053.8

SM 2540D MJVTotal Suspended Solids mg/L 11/17/10 14:171 11/17/10 14:1912

EPA 353.2 SMBNitrate+Nitrite (as N) mg/L 0.04 12/20/10 13:400.0116 Q

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1001627

Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 7, 2011

Revised Report

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1001627-27

11/10/10 12:30

Thomas Drunasky

11/10/10 17:50

DENIT-LS3  

Field Parameters

DEP FT1100 TDDpH SU 0.1 11/10/10 12:300.16.9

DEP FT1400 TDDWater Temperature °C 0.1 11/10/10 12:300.120.0

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 11/10/10 12:300.11,200

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 11/10/10 12:300.14.7

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 11/17/10 17:040.0050.52

SM 5210B KTCCarbonaceous BOD mg/L 11/12/10 10:002 11/17/10 13:0722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 11/17/10 07:301011 I

SM 2320B KTCTotal Alkalinity mg/L 8.0 11/16/10 12:302.0220

SM 2540C MJVTotal Dissolved Solids mg/L 11/15/10 11:0010 11/16/10 14:3010840

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 11/19/10 07:300.20 11/19/10 15:470.054.3

SM 2540D MJVTotal Suspended Solids mg/L 11/17/10 14:171 11/17/10 14:1911 U

EPA 353.2 SMBNitrate+Nitrite (as N) mg/L 0.04 12/20/10 13:400.0120 Q

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1001627-28

11/10/10 12:05

Thomas Drunasky

11/10/10 17:50

DENIT-LS4  

Field Parameters

DEP FT1100 TDDpH SU 0.1 11/10/10 12:050.17.3

DEP FT1400 TDDWater Temperature °C 0.1 11/10/10 12:050.120.0

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 11/10/10 12:050.1900

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 11/10/10 12:050.13.8

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 11/17/10 17:040.00515

SM 5210B KTCCarbonaceous BOD mg/L 11/11/10 15:002 11/16/10 12:1022 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 11/17/10 07:301020 I

SM 2320B KTCTotal Alkalinity mg/L 8.0 11/16/10 12:302.0200

SM 2540C MJVTotal Dissolved Solids mg/L 11/15/10 11:0010 11/16/10 14:3010480

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 11/19/10 07:300.20 11/19/10 15:470.0521

SM 2540D MJVTotal Suspended Solids mg/L 11/17/10 14:171 11/17/10 14:1912

EPA 353.2 SMBNitrate+Nitrite (as N) mg/L 0.04 12/20/10 13:400.019.8 Q

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1001627

Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 7, 2011

Revised Report

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1001627-29

11/10/10 10:55

Thomas Drunasky

11/10/10 17:50

DENIT-GL1  

Field Parameters

DEP FT1100 TDDpH SU 0.1 11/10/10 10:550.16.9

DEP FT1400 TDDWater Temperature °C 0.1 11/10/10 10:550.121.0

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 11/10/10 10:550.1900

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 11/10/10 10:550.10.8

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 11/17/10 17:040.0050.88

SM 5210B KTCCarbonaceous BOD mg/L 11/11/10 15:002 11/16/10 12:1023

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 11/17/10 07:301022 I

SM 2320B KTCTotal Alkalinity mg/L 8.0 11/16/10 12:302.0390

SM 2540C MJVTotal Dissolved Solids mg/L 11/15/10 11:0010 11/16/10 14:3010540

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 11/19/10 07:300.20 11/19/10 15:470.051.9

SM 2540D MJVTotal Suspended Solids mg/L 11/17/10 14:171 11/17/10 14:1914

EPA 353.2 SMBNitrate+Nitrite (as N) mg/L 0.04 11/18/10 14:490.010.07

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1001627-30

11/10/10 11:50

Thomas Drunasky

11/10/10 17:50

DFT  

Field Parameters

DEP FT1100 TDDpH SU 0.1 11/10/10 11:500.17.2

DEP FT1400 TDDWater Temperature °C 0.1 11/10/10 11:500.118.5

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 11/10/10 11:500.1980

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 11/10/10 11:500.18.3

Inorganics

SM 4550SF KTCHydrogen Sulfide (Unionized) mg/L 0.04 11/12/10 16:000.010.10

EPA 350.1 SMBAmmonia as N mg/L 0.010 11/17/10 17:040.0050.17

SM 5210B KTCCarbonaceous BOD mg/L 11/11/10 15:002 11/16/10 12:1022 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 11/17/10 07:301022 I

EPA 300.0 MEJSulfate mg/L 11/16/10 11:220.60 11/16/10 16:020.2064

SM 4500SF KTCSulfide mg/L 4.0 11/12/10 16:001.01.0 U

SM 2320B KTCTotal Alkalinity mg/L 8.0 11/16/10 12:302.0200

SM 2540C MJVTotal Dissolved Solids mg/L 11/15/10 11:0010 11/16/10 14:3010630

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 11/19/10 07:300.20 11/19/10 15:470.053.5

SM 2540D MJVTotal Suspended Solids mg/L 11/17/10 14:171 11/17/10 14:1911 U

EPA 353.2 SMBNitrate+Nitrite (as N) mg/L 0.04 01/06/11 15:310.0116 Q

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1001627

Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 7, 2011

Revised Report

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1001627-31

11/10/10 14:00

Thomas Drunasky

11/10/10 17:50

T1-D  

Field Parameters

DEP FT1100 TDDpH SU 0.1 11/10/10 14:000.17.3

DEP FT1400 TDDWater Temperature °C 0.1 11/10/10 14:000.125.3

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 11/10/10 14:000.11,250

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 11/10/10 14:000.12.2

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 11/17/10 17:040.00574

SM 5210B KTCCarbonaceous BOD mg/L 11/12/10 11:002 11/17/10 13:072100

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 11/17/10 07:3010240

SM 2320B KTCTotal Alkalinity mg/L 8.0 11/16/10 12:302.0410

SM 2540C MJVTotal Dissolved Solids mg/L 11/15/10 11:0010 11/16/10 14:3010470

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 11/19/10 07:300.20 12/27/10 10:000.0585 Q

SM 2540D MJVTotal Suspended Solids mg/L 12/15/10 15:301 12/16/10 14:58164 Q

EPA 353.2 SMBNitrate+Nitrite (as N) mg/L 0.04 11/18/10 14:490.010.11

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1001627-32

11/10/10 15:00

Thomas Drunasky

11/10/10 17:50

FB  

Field Parameters

DEP FT1100 TDDpH SU 0.1 11/10/10 15:000.16.5

DEP FT1400 TDDWater Temperature °C 0.1 11/10/10 15:000.124.5

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 11/10/10 15:000.125

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 11/10/10 15:000.18.0

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 11/17/10 17:040.0050.005 U

SM 5210B KTCCarbonaceous BOD mg/L 11/12/10 11:002 11/17/10 13:0722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 11/17/10 07:301010 U

SM 2320B KTCTotal Alkalinity mg/L 8.0 11/16/10 12:302.02.0 U

SM 2540C MJVTotal Dissolved Solids mg/L 11/16/10 16:1510 11/17/10 15:301010 U

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 11/24/10 11:220.20 11/29/10 16:500.050.07 I

SM 2540D MJVTotal Suspended Solids mg/L 11/17/10 14:271 11/17/10 14:3211 U

EPA 353.2 SMBNitrate+Nitrite (as N) mg/L 0.04 11/18/10 14:490.010.01 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1001627

Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 7, 2011

Revised Report

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1001627-33

11/10/10 14:10

Thomas Drunasky

11/10/10 17:50

EB  

Field Parameters

DEP FT1100 TDDpH SU 0.1 11/10/10 14:100.16.7

DEP FT1400 TDDWater Temperature °C 0.1 11/10/10 14:100.123.0

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 11/10/10 14:100.128

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 11/10/10 14:100.18.5

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 11/17/10 17:040.0050.005 U

SM 5210B KTCCarbonaceous BOD mg/L 11/12/10 11:002 11/17/10 13:0722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 11/17/10 07:301010 U

SM 2320B KTCTotal Alkalinity mg/L 8.0 11/16/10 12:302.02.0 U

SM 2540C MJVTotal Dissolved Solids mg/L 11/16/10 16:1510 11/17/10 15:301010 U

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 11/24/10 11:220.20 11/29/10 16:500.050.06 I

SM 2540D MJVTotal Suspended Solids mg/L 11/17/10 14:271 11/17/10 14:3211 U

EPA 353.2 SMBNitrate+Nitrite (as N) mg/L 0.04 11/18/10 14:490.010.01 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1001627

Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 7, 2011

Revised Report

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BK01140 - BOD

Blank (BK01140-BLK1) Prepared: 11/11/10  Analyzed: 11/16/10 

Carbonaceous BOD mg/L2 22 U

Blank (BK01140-BLK2) Prepared: 11/11/10  Analyzed: 11/16/10 

Carbonaceous BOD mg/L2 22 U

LCS (BK01140-BS1) Prepared: 11/11/10  Analyzed: 11/16/10 

Carbonaceous BOD mg/L2 200 85-115902179

LCS (BK01140-BS2) Prepared: 11/11/10  Analyzed: 11/16/10 

Carbonaceous BOD mg/L2 200 85-115902179

LCS Dup (BK01140-BSD1) Prepared: 11/11/10  Analyzed: 11/16/10 

Carbonaceous BOD mg/L2 200 1085-11590 02179

LCS Dup (BK01140-BSD2) Prepared: 11/11/10  Analyzed: 11/16/10 

Carbonaceous BOD mg/L2 200 1085-11590 02179

Batch BK01205 - BOD

Blank (BK01205-BLK1) Prepared: 11/12/10  Analyzed: 11/17/10 

Carbonaceous BOD mg/L2 22 U

Blank (BK01205-BLK2) Prepared: 11/12/10  Analyzed: 11/17/10 

Carbonaceous BOD mg/L2 22 U

LCS (BK01205-BS1) Prepared: 11/12/10  Analyzed: 11/17/10 

Carbonaceous BOD mg/L2 200 85-115952190

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1001627

Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 7, 2011

Revised Report

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BK01205 - BOD

LCS (BK01205-BS2) Prepared: 11/12/10  Analyzed: 11/17/10 

Carbonaceous BOD mg/L2 200 85-115952190

LCS Dup (BK01205-BSD1) Prepared: 11/12/10  Analyzed: 11/17/10 

Carbonaceous BOD mg/L2 200 1085-11596 0.52191

LCS Dup (BK01205-BSD2) Prepared: 11/12/10  Analyzed: 11/17/10 

Carbonaceous BOD mg/L2 200 1085-11596 0.52191

Batch BK01304 - Sulfide prep

Blank (BK01304-BLK1) Prepared & Analyzed: 11/12/10 

Sulfide mg/L4.0 1.01.0 U

LCS (BK01304-BS1) Prepared & Analyzed: 11/12/10 

Sulfide mg/L4.0 5.0 85-1151021.05.11

Batch BK01514 - Ion Chromatography 300.0 Prep

Blank (BK01514-BLK1) Prepared & Analyzed: 11/15/10 

Sulfate mg/L0.60 0.200.20 U

LCS (BK01514-BS1) Prepared & Analyzed: 11/15/10 

Sulfate mg/L0.60 9.0 85-1151000.209.04

LCS Dup (BK01514-BSD1) Prepared & Analyzed: 11/15/10 

Sulfate mg/L0.60 9.0 1085-115100 0.10.209.03

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1001627

Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 7, 2011

Revised Report

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BK01611 - Ion Chromatography 300.0 Prep

Blank (BK01611-BLK1) Prepared & Analyzed: 11/16/10 

Sulfate mg/L0.60 0.200.20 U

LCS (BK01611-BS1) Prepared & Analyzed: 11/16/10 

Sulfate mg/L0.60 9.0 85-115980.208.81

LCS Dup (BK01611-BSD1) Prepared & Analyzed: 11/16/10 

Sulfate mg/L0.60 9.0 1085-11597 0.90.208.73

Batch BK01621 - COD prep

Blank (BK01621-BLK1) Prepared & Analyzed: 11/16/10 

Chemical Oxygen Demand mg/L25 1010 U

LCS (BK01621-BS1) Prepared & Analyzed: 11/16/10 

Chemical Oxygen Demand mg/L25 50 90-1101001050

Matrix Spike (BK01621-MS1) Prepared & Analyzed: 11/16/10 Source: 1001627-02

Chemical Oxygen Demand mg/L25 50 29 85-115901074

Matrix Spike Dup (BK01621-MSD1) Prepared & Analyzed: 11/16/10 Source: 1001627-02

Chemical Oxygen Demand mg/L25 50 29 3285-11590 01074

Batch BK01627 - alkalinity

Blank (BK01627-BLK1) Prepared & Analyzed: 11/16/10 

Total Alkalinity mg/L8.0 2.02.0 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1001627

Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 7, 2011

Revised Report

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BK01627 - alkalinity

Blank (BK01627-BLK2) Prepared & Analyzed: 11/16/10 

Total Alkalinity mg/L8.0 2.02.0 U

LCS (BK01627-BS1) Prepared & Analyzed: 11/16/10 

Total Alkalinity mg/L8.0 120 2090-110952.0120

LCS (BK01627-BS2) Prepared & Analyzed: 11/16/10 

Total Alkalinity mg/L8.0 120 2090-110952.0120

Matrix Spike (BK01627-MS2) Prepared & Analyzed: 11/16/10 Source: 1001627-18

Total Alkalinity mg/L8.0 120 290 2680-120952.0410

Matrix Spike Dup (BK01627-MSD2) Prepared & Analyzed: 11/16/10 Source: 1001627-18

Total Alkalinity mg/L8.0 120 290 2680-12095 02.0410

Batch BK01735 - COD prep

Blank (BK01735-BLK1) Prepared & Analyzed: 11/17/10 

Chemical Oxygen Demand mg/L25 1010 U

LCS (BK01735-BS1) Prepared & Analyzed: 11/17/10 

Chemical Oxygen Demand mg/L25 50 90-1101041052

Matrix Spike (BK01735-MS1) Prepared & Analyzed: 11/17/10 Source: 1001627-20

Chemical Oxygen Demand mg/L25 50 39 85-115921085

Matrix Spike Dup (BK01735-MSD1) Prepared & Analyzed: 11/17/10 Source: 1001627-20

Chemical Oxygen Demand mg/L25 50 39 3285-11596 21087

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1001627

Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 7, 2011

Revised Report

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BK01739 - TSS prep

Blank (BK01739-BLK1) Prepared & Analyzed: 11/17/10 

Total Suspended Solids mg/L1 11 U

LCS (BK01739-BS1) Prepared & Analyzed: 11/17/10 

Total Suspended Solids mg/L1 50 85-115100150.0

LCS Dup (BK01739-BSD1) Prepared & Analyzed: 11/17/10 

Total Suspended Solids mg/L1 50 3085-11590 11145.0

Duplicate (BK01739-DUP1) Prepared & Analyzed: 11/17/10 Source: 1001627-20

Total Suspended Solids mg/L1 5.00 30015.00

Batch BK01740 - TSS prep

Blank (BK01740-BLK1) Prepared & Analyzed: 11/17/10 

Total Suspended Solids mg/L1 11 U

LCS (BK01740-BS1) Prepared & Analyzed: 11/17/10 

Total Suspended Solids mg/L1 50 85-115105152.5

LCS Dup (BK01740-BSD1) Prepared & Analyzed: 11/17/10 

Total Suspended Solids mg/L1 50 3085-11591 14145.5

Batch BK01803 - Ammonia by SEAL

Blank (BK01803-BLK1) Prepared & Analyzed: 11/17/10 

Ammonia as N mg/L0.010 0.0050.005 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1001627

Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 7, 2011

Revised Report

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BK01803 - Ammonia by SEAL

Blank (BK01803-BLK2) Prepared & Analyzed: 11/17/10 

Ammonia as N mg/L0.010 0.0050.005 U

Blank (BK01803-BLK3) Prepared & Analyzed: 11/17/10 

Ammonia as N mg/L0.010 0.0050.005 U

Blank (BK01803-BLK4) Prepared & Analyzed: 11/17/10 

Ammonia as N mg/L0.010 0.0050.005 U

LCS (BK01803-BS1) Prepared & Analyzed: 11/17/10 

Ammonia as N mg/L0.010 0.50 90-110980.0050.49

LCS (BK01803-BS2) Prepared & Analyzed: 11/17/10 

Ammonia as N mg/L0.010 0.50 90-1101040.0050.52

LCS (BK01803-BS3) Prepared & Analyzed: 11/17/10 

Ammonia as N mg/L0.010 0.50 90-1101050.0050.52

LCS (BK01803-BS4) Prepared & Analyzed: 11/17/10 

Ammonia as N mg/L0.010 0.50 90-1101060.0050.53

Matrix Spike (BK01803-MS2) Prepared & Analyzed: 11/17/10 Source: 1001627-08

Ammonia as N mg/L0.010 50 50 90-110440.00572 J5

Matrix Spike Dup (BK01803-MSD2) Prepared & Analyzed: 11/17/10 Source: 1001627-08

Ammonia as N mg/L0.010 50 50 1090-11050 40.00575 J5

Batch BK01804 - Nitrate 353.2 by seal

Blank (BK01804-BLK1) Prepared & Analyzed: 11/17/10 

Nitrate+Nitrite (as N) mg/L0.04 0.010.01 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1001627

Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 7, 2011

Revised Report

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BK01804 - Nitrate 353.2 by seal

Blank (BK01804-BLK2) Prepared & Analyzed: 11/17/10 

Nitrate+Nitrite (as N) mg/L0.04 0.010.01 U

LCS (BK01804-BS1) Prepared & Analyzed: 11/17/10 

Nitrate+Nitrite (as N) mg/L0.04 0.80 90-110940.010.749

LCS (BK01804-BS2) Prepared & Analyzed: 11/17/10 

Nitrate+Nitrite (as N) mg/L0.04 1.0 90-110910.010.912

Matrix Spike (BK01804-MS2) Prepared & Analyzed: 11/17/10 Source: 1001627-03

Nitrate+Nitrite (as N) mg/L0.04 50 23.8 77-119750.0161.1 J5

Matrix Spike Dup (BK01804-MSD2) Prepared & Analyzed: 11/17/10 Source: 1001627-03

Nitrate+Nitrite (as N) mg/L0.04 50 23.8 2077-11968 50.0158.0 J5

Batch BK01811 - TDS Prep

Blank (BK01811-BLK1) Prepared: 11/15/10  Analyzed: 11/16/10 

Total Dissolved Solids mg/L10 1010 U

LCS (BK01811-BS1) Prepared: 11/15/10  Analyzed: 11/16/10 

Total Dissolved Solids mg/L10 1000 90-1109810982

Duplicate (BK01811-DUP1) Prepared: 11/15/10  Analyzed: 11/16/10 Source: 1001627-08

Total Dissolved Solids mg/L10 538 240.710534

Batch BK01814 - TDS Prep

Blank (BK01814-BLK1) Prepared: 11/15/10  Analyzed: 11/16/10 

Total Dissolved Solids mg/L10 1010 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1001627

Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 7, 2011

Revised Report

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BK01814 - TDS Prep

LCS (BK01814-BS1) Prepared: 11/15/10  Analyzed: 11/16/10 

Total Dissolved Solids mg/L10 1000 90-1109710974

Duplicate (BK01814-DUP1) Prepared: 11/15/10  Analyzed: 11/16/10 Source: 1001627-25

Total Dissolved Solids mg/L10 540 24210552

Batch BK01836 - TDS Prep

Blank (BK01836-BLK1) Prepared & Analyzed: 11/18/10 

Total Dissolved Solids mg/L10 1010 U

LCS (BK01836-BS1) Prepared & Analyzed: 11/18/10 

Total Dissolved Solids mg/L10 1000 90-1109710968

Batch BK01919 - Nitrate 353.2 by seal

Blank (BK01919-BLK1) Prepared & Analyzed: 11/18/10 

Nitrate+Nitrite (as N) mg/L0.04 0.010.01 U

Blank (BK01919-BLK2) Prepared & Analyzed: 11/18/10 

Nitrate+Nitrite (as N) mg/L0.04 0.010.0100 I

LCS (BK01919-BS1) Prepared & Analyzed: 11/18/10 

Nitrate+Nitrite (as N) mg/L0.04 1.0 90-110930.010.929

LCS (BK01919-BS2) Prepared & Analyzed: 11/18/10 

Nitrate+Nitrite (as N) mg/L0.04 1.0 90-110950.010.953

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1001627

Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 7, 2011

Revised Report

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BK02002 - Digestion for TKN by EPA 351.2

Blank (BK02002-BLK1) Prepared & Analyzed: 11/19/10 

Total Kjeldahl Nitrogen mg/L0.20 0.050.05 U

Blank (BK02002-BLK2) Prepared & Analyzed: 11/19/10 

Total Kjeldahl Nitrogen mg/L0.20 0.050.05 U

LCS (BK02002-BS1) Prepared & Analyzed: 11/19/10 

Total Kjeldahl Nitrogen mg/L0.20 2.5 90-110910.052.28

LCS (BK02002-BS2) Prepared & Analyzed: 11/19/10 

Total Kjeldahl Nitrogen mg/L0.20 2.5 90-1101010.052.52

Matrix Spike (BK02002-MS2) Prepared & Analyzed: 11/19/10 Source: 1001627-09

Total Kjeldahl Nitrogen mg/L0.20 2.5 1.24 80-120950.053.63

Matrix Spike Dup (BK02002-MSD2) Prepared & Analyzed: 11/19/10 Source: 1001627-09

Total Kjeldahl Nitrogen mg/L0.20 2.5 1.24 2080-12099 30.053.72

Batch BK02410 - Digestion for TKN by EPA 351.2

Blank (BK02410-BLK1) Prepared: 11/24/10  Analyzed: 11/29/10 

Total Kjeldahl Nitrogen mg/L0.20 0.050.05 U

Blank (BK02410-BLK2) Prepared: 11/24/10  Analyzed: 11/29/10 

Total Kjeldahl Nitrogen mg/L0.20 0.050.05 U

LCS (BK02410-BS1) Prepared: 11/24/10  Analyzed: 11/29/10 

Total Kjeldahl Nitrogen mg/L0.20 2.5 90-1101020.052.54

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1001627

Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 7, 2011

Revised Report

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BK02410 - Digestion for TKN by EPA 351.2

LCS (BK02410-BS2) Prepared: 11/24/10  Analyzed: 11/29/10 

Total Kjeldahl Nitrogen mg/L0.20 2.5 90-1101080.052.70

Batch BL01630 - TSS prep

Blank (BL01630-BLK1) Prepared: 12/15/10  Analyzed: 12/16/10 

Total Suspended Solids mg/L1 11 U

LCS (BL01630-BS1) Prepared & Analyzed: 12/16/10 

Total Suspended Solids mg/L1 50 85-11597148.5

Batch BL02015 - Nitrate 353.2 by seal

Blank (BL02015-BLK1) Prepared & Analyzed: 12/20/10 

Nitrate+Nitrite (as N) mg/L0.04 0.010.01 U

Blank (BL02015-BLK2) Prepared & Analyzed: 12/20/10 

Nitrate+Nitrite (as N) mg/L0.04 0.010.01 U

LCS (BL02015-BS1) Prepared & Analyzed: 12/20/10 

Nitrate+Nitrite (as N) mg/L0.04 90-1100.010.784

LCS (BL02015-BS2) Prepared & Analyzed: 12/20/10 

Nitrate+Nitrite (as N) mg/L0.04 90-1100.010.784

Batch BL02401 - Digestion for TKN by EPA 351.2

Blank (BL02401-BLK1) Prepared: 12/23/10  Analyzed: 12/24/10 

Total Kjeldahl Nitrogen mg/L0.20 0.050.05 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1001627

Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 7, 2011

Revised Report

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BL02401 - Digestion for TKN by EPA 351.2

Blank (BL02401-BLK2) Prepared: 12/23/10  Analyzed: 12/24/10 

Total Kjeldahl Nitrogen mg/L0.20 0.050.05 U

LCS (BL02401-BS1) Prepared: 12/23/10  Analyzed: 12/24/10 

Total Kjeldahl Nitrogen mg/L0.20 2.5 90-1101010.052.52

LCS (BL02401-BS2) Prepared: 12/23/10  Analyzed: 12/24/10 

Total Kjeldahl Nitrogen mg/L0.20 2.5 90-1101010.052.51

Batch BL02713 - Nitrate 353.2 by seal

Blank (BL02713-BLK1) Prepared & Analyzed: 12/28/10 

Nitrate+Nitrite (as N) mg/L0.04 0.010.01 U

LCS (BL02713-BS1) Prepared & Analyzed: 12/28/10 

Nitrate+Nitrite (as N) mg/L0.04 0.80 90-1101020.010.814

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1001627

Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 7, 2011

Revised Report

* Qualifiers, Notes and Definitions

Results followed by a "U" indicate that the sample was analyzed but the compound was not detected. Results followed by "I" indicate 

that the reported value is between the laboratory method detection limts and the laboratory practical quantitation limit.

A statement of estimated uncertainty of test results is available upon request.

For methods marked with  **, all QC criteria have been met for this method which is equivalent to a SAL certified method.

Test results in this report meet all the requirements of the NELAC standards. Any applicable qualifiers are shown below. 

Questions regarding this report should be directed to Client Services at 813-855-1844.

Q Sample held beyond the accepted holding time.

J5 Matrix spike of this sample was outside typical range.  All other QC criteria were acceptable.

Results with a "Q" qualifier were originally analyzed within holding time. They were re-run out of holding time to verify or correct 

original results.

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1002218

Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

December 24, 2010

Revised Report

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1002218-01

11/12/10 06:45

Client

11/12/10 10:25

UNSAT-IS1  

Inorganics

SM 4550SF KTCHydrogen Sulfide (Unionized) mg/L 0.04 11/12/10 16:000.011.8

EPA 350.1 SMBAmmonia as N mg/L 0.010 11/17/10 17:040.00569

SM 5210B KTCCarbonaceous BOD mg/L 11/12/10 16:002 11/17/10 13:0722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 11/18/10 08:151076

EPA 300.0 MEJSulfate mg/L 11/17/10 13:000.60 11/18/10 12:240.2083

SM 4500SF KTCSulfide mg/L 4.0 11/12/10 16:001.04.3

SM 2320B KTCTotal Alkalinity mg/L 8.0 11/19/10 08:302.0370

SM 2540C MJVTotal Dissolved Solids mg/L 11/18/10 15:1310 11/18/10 15:1710530

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 11/20/10 09:260.20 11/23/10 14:110.0575

SM 2540D MJVTotal Suspended Solids mg/L 11/16/10 14:001 11/17/10 15:0012

EPA 353.2 SMBNitrate+Nitrite (as N) mg/L 0.04 11/24/10 15:220.010.04

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1002218-02

11/12/10 06:45

Client

11/12/10 10:25

UNSAT-IS2  

Inorganics

SM 4550SF KTCHydrogen Sulfide (Unionized) mg/L 0.04 11/12/10 16:000.010.01 U

EPA 350.1 SMBAmmonia as N mg/L 0.010 11/17/10 17:040.0050.71

SM 5210B KTCCarbonaceous BOD mg/L 11/12/10 16:002 11/17/10 13:0722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 11/18/10 08:151013 I

EPA 300.0 MEJSulfate mg/L 11/17/10 13:000.60 11/18/10 12:240.20400

SM 4500SF KTCSulfide mg/L 4.0 11/12/10 16:001.01.0 U

SM 2320B KTCTotal Alkalinity mg/L 8.0 11/19/10 08:302.0170

SM 2540C MJVTotal Dissolved Solids mg/L 11/18/10 15:1310 11/18/10 15:1710890

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 11/20/10 09:260.20 11/23/10 14:110.051.2

SM 2540D MJVTotal Suspended Solids mg/L 11/16/10 14:001 11/17/10 15:00110

EPA 353.2 SMBNitrate+Nitrite (as N) mg/L 0.04 11/24/10 15:220.010.04

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

December 24, 2010

Revised Report

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1002218-03

11/15/10 08:30

Client

11/15/10 14:50

UNSAT-IS3  

Inorganics

SM 4550SF KTCHydrogen Sulfide (Unionized) mg/L 11/19/10 11:270.04 11/19/10 11:290.010.01 U

EPA 350.1 SMBAmmonia as N mg/L 0.010 11/17/10 17:040.0056.2

SM 5210B MEJCarbonaceous BOD mg/L 11/17/10 08:302 11/22/10 13:1023

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 11/18/10 08:151046

EPA 300.0 MEJSulfate mg/L 11/17/10 13:000.60 11/18/10 12:240.20290

SM 4500SF KTCSulfide mg/L 4.0 11/19/10 11:291.01.0 U

SM 2320B KTCTotal Alkalinity mg/L 8.0 11/19/10 08:302.0280

SM 2540C MJVTotal Dissolved Solids mg/L 11/18/10 15:1310 11/18/10 15:17102,300

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 11/20/10 09:260.20 11/23/10 14:110.056.4

SM 2540D MJVTotal Suspended Solids mg/L 11/16/10 14:001 11/17/10 15:0014

EPA 353.2 SMBNitrate+Nitrite (as N) mg/L 0.04 11/24/10 15:220.0128

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1002218-04

11/12/10 00:00

Client

11/15/10 14:50

UNSAT-IS4  

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 11/17/10 17:040.0050.086

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 11/18/10 08:151035

EPA 300.0 MEJSulfate mg/L 11/17/10 13:000.60 11/18/10 12:240.20440

SM 2320B KTCTotal Alkalinity mg/L 8.0 11/19/10 08:302.0280

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 11/20/10 09:260.20 11/23/10 14:110.051.8

EPA 353.2 SMBNitrate+Nitrite (as N) mg/L 0.04 11/24/10 15:220.0111

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Revised Report

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BK01205 - BOD

Blank (BK01205-BLK1) Prepared: 11/12/10  Analyzed: 11/17/10 

Carbonaceous BOD mg/L2 22 U

Blank (BK01205-BLK2) Prepared: 11/12/10  Analyzed: 11/17/10 

Carbonaceous BOD mg/L2 22 U

LCS (BK01205-BS1) Prepared: 11/12/10  Analyzed: 11/17/10 

Carbonaceous BOD mg/L2 200 85-115952190

LCS (BK01205-BS2) Prepared: 11/12/10  Analyzed: 11/17/10 

Carbonaceous BOD mg/L2 200 85-115952190

LCS Dup (BK01205-BSD1) Prepared: 11/12/10  Analyzed: 11/17/10 

Carbonaceous BOD mg/L2 200 1085-11596 0.52191

LCS Dup (BK01205-BSD2) Prepared: 11/12/10  Analyzed: 11/17/10 

Carbonaceous BOD mg/L2 200 1085-11596 0.52191

Batch BK01304 - Sulfide prep

Blank (BK01304-BLK1) Prepared & Analyzed: 11/12/10 

Sulfide mg/L4.0 1.01.0 U

LCS (BK01304-BS1) Prepared & Analyzed: 11/12/10 

Sulfide mg/L4.0 5.0 85-1151021.05.11

Batch BK01731 - Ion Chromatography 300.0 Prep

Blank (BK01731-BLK1) Prepared: 11/17/10  Analyzed: 11/18/10 

Sulfate mg/L0.60 0.200.20 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

December 24, 2010

Revised Report

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BK01731 - Ion Chromatography 300.0 Prep

LCS (BK01731-BS1) Prepared: 11/17/10  Analyzed: 11/18/10 

Sulfate mg/L0.60 9.0 85-115970.208.72

LCS Dup (BK01731-BSD1) Prepared: 11/17/10  Analyzed: 11/18/10 

Sulfate mg/L0.60 9.0 1085-11597 0.10.208.73

Matrix Spike (BK01731-MS1) Prepared: 11/17/10  Analyzed: 11/18/10 Source: 1002218-02

Sulfate mg/L0.60 90 397 85-115490.20441 +O

Batch BK01747 - BOD

Blank (BK01747-BLK1) Prepared: 11/17/10  Analyzed: 11/22/10 

Carbonaceous BOD mg/L2 22 U

LCS (BK01747-BS1) Prepared: 11/17/10  Analyzed: 11/22/10 

Carbonaceous BOD mg/L2 200 85-115982195

LCS Dup (BK01747-BSD1) Prepared: 11/17/10  Analyzed: 11/22/10 

Carbonaceous BOD mg/L2 200 1085-11595 32190

Batch BK01801 - COD prep

Blank (BK01801-BLK1) Prepared & Analyzed: 11/18/10 

Chemical Oxygen Demand mg/L25 1010 U

LCS (BK01801-BS1) Prepared & Analyzed: 11/18/10 

Chemical Oxygen Demand mg/L25 50 90-110961048

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Revised Report

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BK01803 - Ammonia by SEAL

Blank (BK01803-BLK1) Prepared & Analyzed: 11/17/10 

Ammonia as N mg/L0.010 0.0050.005 U

Blank (BK01803-BLK2) Prepared & Analyzed: 11/17/10 

Ammonia as N mg/L0.010 0.0050.005 U

Blank (BK01803-BLK3) Prepared & Analyzed: 11/17/10 

Ammonia as N mg/L0.010 0.0050.005 U

Blank (BK01803-BLK4) Prepared & Analyzed: 11/17/10 

Ammonia as N mg/L0.010 0.0050.005 U

LCS (BK01803-BS1) Prepared & Analyzed: 11/17/10 

Ammonia as N mg/L0.010 0.50 90-110980.0050.49

LCS (BK01803-BS2) Prepared & Analyzed: 11/17/10 

Ammonia as N mg/L0.010 0.50 90-1101040.0050.52

LCS (BK01803-BS3) Prepared & Analyzed: 11/17/10 

Ammonia as N mg/L0.010 0.50 90-1101050.0050.52

LCS (BK01803-BS4) Prepared & Analyzed: 11/17/10 

Ammonia as N mg/L0.010 0.50 90-1101060.0050.53

Batch BK01836 - TDS Prep

Blank (BK01836-BLK1) Prepared & Analyzed: 11/18/10 

Total Dissolved Solids mg/L10 1010 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1002218

Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

December 24, 2010

Revised Report

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BK01836 - TDS Prep

LCS (BK01836-BS1) Prepared & Analyzed: 11/18/10 

Total Dissolved Solids mg/L10 1000 90-1109710968

Batch BK01905 - alkalinity

Blank (BK01905-BLK1) Prepared & Analyzed: 11/19/10 

Total Alkalinity mg/L8.0 2.02.0 U

LCS (BK01905-BS1) Prepared & Analyzed: 11/19/10 

Total Alkalinity mg/L8.0 120 2090-110952.0120

Batch BK01920 - Sulfide prep

Blank (BK01920-BLK1) Prepared & Analyzed: 11/19/10 

Hydrogen sulfide (Unionized) mg/L0.04 0.010.01 U

Sulfide mg/L4.0 1.01.0 U

LCS (BK01920-BS1) Prepared & Analyzed: 11/19/10 

Sulfide mg/L4.0 5.0 85-115941.04.70

Matrix Spike (BK01920-MS1) Prepared & Analyzed: 11/19/10 Source: 1002218-03

Sulfide mg/L4.0 5.0 ND 85-115941.04.70

Matrix Spike Dup (BK01920-MSD1) Prepared & Analyzed: 11/19/10 Source: 1002218-03

Sulfide mg/L4.0 5.0 ND 1485-11594 01.04.70

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BK01927 - TSS prep

Blank (BK01927-BLK1) Prepared & Analyzed: 11/19/10 

Total Suspended Solids mg/L1 11 U

LCS (BK01927-BS1) Prepared & Analyzed: 11/19/10 

Total Suspended Solids mg/L1 50 85-11591145.5

Batch BK02001 - Digestion for TKN by EPA 351.2

Blank (BK02001-BLK1) Prepared: 11/20/10  Analyzed: 11/22/10 

Total Kjeldahl Nitrogen mg/L0.20 0.050.05 U

Blank (BK02001-BLK2) Prepared: 11/20/10  Analyzed: 11/23/10 

Total Kjeldahl Nitrogen mg/L0.20 0.050.05 U

LCS (BK02001-BS1) Prepared: 11/20/10  Analyzed: 11/22/10 

Total Kjeldahl Nitrogen mg/L0.20 2.5 90-1101080.052.69

LCS (BK02001-BS2) Prepared: 11/20/10  Analyzed: 11/23/10 

Total Kjeldahl Nitrogen mg/L0.20 2.5 90-1101050.052.62

Batch BK02434 - Nitrate 353.2 by seal

Blank (BK02434-BLK1) Prepared & Analyzed: 11/24/10 

Nitrate+Nitrite (as N) mg/L0.04 0.010.0124 I

Blank (BK02434-BLK2) Prepared & Analyzed: 11/24/10 

Nitrate+Nitrite (as N) mg/L0.04 0.010.01 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Revised Report

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BK02434 - Nitrate 353.2 by seal

Blank (BK02434-BLK3) Prepared & Analyzed: 11/24/10 

Nitrate+Nitrite (as N) mg/L0.04 0.010.01 U

LCS (BK02434-BS1) Prepared & Analyzed: 11/24/10 

Nitrate+Nitrite (as N) mg/L0.04 0.80 90-110950.010.758

LCS (BK02434-BS2) Prepared & Analyzed: 11/24/10 

Nitrate+Nitrite (as N) mg/L0.04 1.0 90-110980.010.984

LCS (BK02434-BS3) Prepared & Analyzed: 11/24/10 

Nitrate+Nitrite (as N) mg/L0.04 1.0 90-110970.010.968

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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* Qualifiers, Notes and Definitions

Results followed by a "U" indicate that the sample was analyzed but the compound was not detected. Results followed by "I" indicate 

that the reported value is between the laboratory method detection limts and the laboratory practical quantitation limit.

A statement of estimated uncertainty of test results is available upon request.

For methods marked with  **, all QC criteria have been met for this method which is equivalent to a SAL certified method.

Test results in this report meet all the requirements of the NELAC standards. Any applicable qualifiers are shown below. 

Questions regarding this report should be directed to Client Services at 813-855-1844.

+O Matrix spike source sample was over the reccommended range for the method.
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FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY PAGE 1-1 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 4 HAZEN AND SAWYER, P.C. 

PNRS II Test Facility 
Data Summary Report No. 4 

1.0 Background 
Task A of the Florida Onsite Sewage Nitrogen Reduction Strategies Study includes the 
evaluation of passive treatment systems to remove nitrogen from septic tank effluent. 
The Passive Nitrogen Removal Study II (PNRS II) is a follow-up to the previous experi-
mental evaluations of passive nitrogen removal technologies conducted in Passive Ni-
trogen Removal Study I. The objective of the PNRS II study is to extend the two-stage 
biofiltration process into pilot testing to develop design criteria for subsequent full-scale 
field testing.  A unique test facility was constructed for the purpose of the pilot evalua-
tions. The Task A.15 PNRS II Quality Assurance Project Plan (QAPP) documents the 
objectives, experimental biofiltration systems, monitoring framework, sample frequency 
and duration, and analytical methods to be used at the PNRS II Test Facility.  

2.0 Purpose 
This data summary report documents data that was collected in the PNRS II monitoring 
and sampling event which was conducted January 13, 2011.   The corresponding sam-
ple event report was submitted as Sample Event Report No. 4, January 2011, as a deli-
verable under Task A.25.  The monitoring event consisted of an assessment and evalua-
tion of PNRS II operation, measurement of flowrates for all systems and flowrate ad-
justment if warranted, measurement of field parameters, collection of biofilter influent 
and effluent samples, and their analyses in a NELAC certified laboratory. 

3.0 Materials and Methods 

3.1 Project Site 
The PNRS II Test Facility is located at the University of Florida Gulf Coast Research and 
Education Center (GCREC) in southeast Hillsborough County, Florida. The specially de-
signed facility enables the simultaneous operation and performance testing of numerous 
biofilter treatment trains in parallel using the same wastewater source.  The source of 
the influent wastewater is the septic tank effluent from the existing onsite wastewater 
system serving the GCREC.  Details of the design and construction of the PNRS II test 
facility were presented previously in Task A.17, A.18, A.19 and A.24 documents.   
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3.2 Modifications of PNRS II Systems 
The results of Sample Event No. 1, 2 and 3 and careful observation of PNRS II systems 
were used to formulate recommendations for modifications to the test systems at the 
GCREC pilot facility.  The modifications that were made following Sample Event No. 3 
are presented in this section.  All recommendations were based on the overall goal of 
PNRS II: to provide functional specifications for modular biofiltration components for 
passive onsite nitrogen reducing wastewater treatment systems.  

3.2.1 Polystyrene Biofilter (UNSAT-PS1) Recycle Rate 
In Sample Event 3, the unsaturated single pass biofilter with polystyrene media (UNSAT-
PS1) exhibited better nitrogen performance as a recirculating system as compared to the 
single pass configuration during Sample Event 1 and 2.   However, significant effluent 
NH3-N remained, so the potential utility of polystyrene media in enhanced nitrogen re-
duction systems depends on further improving ammonia conversion to nitrate. The cha-
racteristics of the polystyrene media and the polystyrene based treatment process ap-
pear to function better with high recycle rates.  Therefore, the Pump 15 runtime was in-
creased so that the recycle ratio was increased to 6:1 from the previous 3:1 ratio.  

3.3 Monitoring and Sampling Locations and Identification 
A schematic of the PNRS II test facility is shown in Figure 1. Septic tank effluent (STE) 
from GCREC is pumped from PNRS II-STE-T1 into the PNRS II systems through four 
points of entry: Hydro-1, Hydro-2, UNSAT-IS1, and UNSAT-IS3.  PNRS II biofilters are 
grouped into the four types of systems shown in Figure 1.  The nomenclature and reac-
tor/sample identification used for the PNRS II test facility sampling events are listed in 
Table 1. The sample designations listed in Table 1 also largely correspond to the loca-
tions at which flow volumes are measured in each monitoring event. 
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Table 1 
PNRS II Sample Identification 

Group (Figure 1) Sample Location Sample Identification 
 STE PNRS II Storage Tank 1 PNRS II-STE-T1 

I 

Stage 1 Single Pass Biofilters 

UNSAT-EC1 
UNSAT-EC3 
UNSAT-CL1 
UNSAT-CL3 

Stage 2 Single Pass Upflow Biofilters 

DENIT-SU4 
DENIT-LS3 
DENIT-SU3 
DENIT-LS2 
DENIT-LS4 

II 

Recirculation Tanks 

RC1 
RC2 
RC3 
RC4 
RC5 

Stage 1 Recirculating Biofilters 

UNSAT-SA2 
UNSAT-EC4 
UNSAT-CL2 
UNSAT-CL4 
UNSAT-PS1 

Pump 15 Tank P15 

III 

Denite Feed Collection Tank DFT 

Stage 2 Horizontal Biofilters 

UNSAT-SU1 
UNSAT-SU2 
UNSAT-LS1 
UNSAT-GL1 

IV 

In-Situ In-Tank Simulator Single Pass Biofilter 

UNSAT-IS1 
UNSAT-IS2 
UNSAT-IS3 
UNSAT-IS4 

In-Situ In-Tank Simulator Single Pass Biofilter 
Sample Port  
(below EC & LS mixture and above SU layer) 

UNSAT-IS3-SP 
UNSAT-IS4-SP 
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Figure 1 
PNRS II Test Facility System Schematic 
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3.4 Operational Monitoring 
Start-up of the PNRS II test facility occurred on May 17, 2010 and all systems have op-
erated continually since that time.  The entire facility operation is checked at least once 
per week and a detailed log of operational observations and activities is maintained.  
The programmable logic controller (PLC) which controls many of the dosing and pump 
controls also records pump run times and flow data from flow meters at the facility, and 
these data can provide useful insight on facility operations. 

3.5 Water Quality Sample Collection and Analyses  
Influent and effluent water quality samples from the PNRS II test systems for Sample 
Event 4 were collected January 13, 2011.  A sample of STE was collected from the feed 
line connecting STE Storage Tank 1 (PNRS II-STE-T1) to Hydrosplitter 1 which supplies 
STE to the single pass Stage 1 biofilters (Figure 1).  A manual dose event was initiated 
on the control panel until sufficient STE sample volume was collected in a clean sample 
container.  Stage 1, 2, and in-situ simulator biofilter and recirculation tank effluents were 
each sampled by directing the entire flow from the biofilter into a large, clean sample 
container over a period of time sufficient to obtain the desired sample volume (approx-
imately 3.5 liters).  Sample containers were immediately placed in coolers on ice prior to 
subdivision of the composited sample.   
 
The composite samples in the 3.5 liter sample containers were then subdivided into 
analysis-specific sample containers.  The analysis-specific containers were supplied by 
the analytical laboratory and contained appropriate preservatives.  The analysis-specific 
containers were labeled, placed in coolers and transported on ice to the analytical labor-
atory. Each sample container was secured in packing material as appropriate to prevent 
damage and spills, and was recorded on chain-of-custody forms supplied by the labora-
tory.  Chain of custody forms, provided in Appendix D, were used to document the trans-
fer of samples from field personnel to the analytical laboratory.  One chain of custody 
form was filled out for each set of samples and placed inside the cooler. 
 
Equipment blank, field blank, and field sample duplicates were taken.  The equipment 
blank was collected using a previously cleaned STE sample collection bottle.  The bottle 
was filled with distilled water provided by the laboratory and allowed to sit for eight mi-
nutes. The sample containers were then analyzed for the same parameters as the sam-
ples. The field blank was collected by filling sample containers with distilled water that 
had been transported from the laboratory into the field along with other sample contain-
ers.  The field sample duplicates were collected immediately subsequent to the regular 
samples.  The duplicate sample containers were filled with PNRS II T1-STE effluent, 
UNSAT-CL3 effluent, UNSAT-EC1 effluent, and UNSAT-CL1 effluent. Additionally, la-
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boratory split duplicate samples were collected immediately subsequent to the regular 
samples. The laboratory split sample containers were filled with PNRS II T1-STE efflu-
ent, UNSAT-EC3 effluent, DENIT-LS1 effluent, UNSAT-IS3 effluent, and UNSAT-IS4 
effluent.   
 
Field parameters were measured using portable electronic probes and included temper-
ature (Temp), dissolved oxygen (DO), oxidation-reduction potential (ORP), pH, and spe-
cific conductance. Temperature (Temp), dissolved oxygen (DO), and oxidation-reduction 
potential (ORP) were measured with probe tips placed in flow through samplers located 
directly in the outlet pipe at each sample location.  Specific conductance and pH were 
measured using external sample collection reservoirs.  The influent and effluent samples 
were analyzed by the laboratory for: total alkalinity, total Kjeldahl nitrogen (TKN-N), am-
monia nitrogen (NH3-N), nitrate nitrogen, (NO3-N), nitrite nitrogen (NO2-N), carbona-
ceous biochemical oxygen demand (CBOD5), total dissolved solids (TDS), total sus-
pended solids (TSS), chemical oxygen demand (COD), total phosphorus (TP), and fecal 
coliform (fecal).  For some of the denitrification biofilters containing elemental sulfur me-
dia, influent and effluent sample analyses were also conducted for sulfate (SO4) and hy-
drogen sulfide (H2S).   Table 2 lists the analytical parameters, analytical methods, and 
detection limits for these analyses. 
 

Table 2 
Analytical Parameters, Method of Analysis, and Detection Limits 

Analytical Parameter Method of Analysis Laboratory Detection Limit 
(mg/L) 

Total Alkalinity as CaCO3 SM 2320B 2 mg/L 
Total Kjeldahl Nitrogen (TKN-N) EPA351.2 0.05 mg/L 
Ammonia Nitrogen (NH3-N) EPA350.1 0.01 mg/L 
Nitrate/Nitrite Nitrogen (NOX-N) EPA353.2 0.01 mg/L 
Carbonaceous BOD (CBOD5) SM 5210B 2 mg/L 
Total Dissolved Solids (TDS) SM 2540C 10 mg/L 
Total Suspended Solids (TSS) SM 2540D 1 mg/L 
Chemical Oxygen Demand (COD) EPA 410.4 10 mg/L 
Total Phosphorus (TP) SM 4500PE 0.01 mg/L 
Fecal Coliform (fecal) SM9222D 1 ct/100mL 
Sulfate (SO4) EPA300.0 0.2 mg/L 
Hydrogen Sulfide Unionized (H2S) SM4500S F 0.01 mg/L 
Sulfide SM4500S F 0.1 mg/L 

 

3.6 Flow Monitoring  
Flow rates for all PNRS II systems were calibrated at initial start-up.  The flow rates are 
then measured and recorded at each sampling event and adjusted as necessary to 
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maintain flow rates consistent with the experimental design following the sampling event.  
Flow volumes are measured just after sampling and field analyses and represent the 
flow rates in effect during the water quality monitoring.  Flow rates are then adjusted as 
necessary to correspond to the target flow rates in the experimental design. For this 
Sampling Event, influent flow volumes were measured on January 17, 2011 and re-
ported in the Sampling Event No. 4 Report. Flow monitoring results are presented in Ap-
pendix C. 

4.0 Results and Discussion  

4.1 Operational Monitoring  
Start up of the PNRS II test facility occurred on May 17, 2010.  The test systems have 
been operated continuously since the May 17th start up, with the exception of occasional 
power interruptions or outages (see operation and maintenance log).  The power inter-
ruptions were of relatively short duration. For the most part, operation of the pilot biofil-
ters was fully and automatically resumed when power was restored. The only exceptions 
are the three peristaltic pumps: Pump 5 which supplies the two In-Situ simulators UN-
SAT-IS1 and IS2, Pump 10 which supplies the two column In-Situ simulators UNSAT-
IS3 and IS4, and Pump 11 which supplies the four horizontal flow denitrification biofil-
ters.  Initially, the peristaltic pumps displayed an error message and required manual 
restarting upon disruption of the power supply; their off times were somewhat longer 
than the other system pumps.  The peristaltic pump settings were saved through the 
power outage, and the same pump operation was resumed once the error code was ac-
knowledged. The peristaltic pumps have since been reprogrammed to start automatically 
in the event of temporary discontinuance of the power supply.  Appendix A provides the 
operation and maintenance log which includes actions taken since start-up. Appendix B 
provides summary tables of the PLC recorded data of daily runtimes and flows for the 
test facility between November 11th and January 12th (Day 178 through Day 240 since 
start-up) used to check general pump operation and performance.  
 
The recycle rates to the recirculating systems are monitored and recorded in the PLC as 
Pumps 5, 6, 7, 8, and 15 flows.  The data shows that the recycle flows are very close to 
the initially set 44 gpd rate for Pumps 5, 6, 7, and 8, indicating that the desired recycle 
ratio of approximately 3:1 is being met.  As discussed in Section 3.2.1, the Pump 15 flow 
rate was increased to 88 gpd rate so that the recycle ratio was increased to 6:1 from the 
previous 3:1 ratio 
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4.2 Water Quality Analyses   
Water quality analytical results for Sample Event No. 4 are listed in Table 3.  Quality 
Control samples, including field blanks, equipment blanks, and external duplicate and 
lab split samples are also included in this table.  Results for the blanks were examined 
for obvious problems with sample contamination or improper decontamination of sam-
pling equipment.  Duplicate and split samples were examined for reproducibility, and 
where the differences were significant relative to the sample value, the laboratory was 
notified and requested to verify accuracy in reporting and reanalysis of the sample was 
requested if warranted.  Significant difference determinations for the various lab analys-
es were based upon a review of reproducibility data in Standard Methods and EPA 
guidelines as well as on experience of the project team and data accuracy requirements 
for this project.    
 
Table 4 shows the results of the QC sampling for this sample event, and a calculation of 
the percent difference between the sample value and the duplicate/split samples.  The 
sample results that are highlighted in this table were forwarded back to the laboratories 
for verification and potential reanalysis.  Any changes to these data from this verification 
will be reflected in the next data summary report.   
 
A statistical summary of the water quality data collected to date for the PNRS II systems 
is presented in Table 5.  The following discussion summarizes these results.  The labor-
atory report containing the raw analytical data is included in Appendix D.   

Influent Water Quality  Water quality characteristics of STE collected in Sample Event 
4 remained closer to typical STE composition than were STE samples collected earlier in 
the PNRS II study.  Sample Event 4 STE parameters for TSS, COD, and CBOD5 were 
still somewhat low, but within the range expected for domestic STE.  The measured STE 
total nitrogen (TN) concentration was 66 mg/L, which is in the range that has been typi-
cally reported for Florida single family residence STE.  The performance of the various 
biofilter systems was compared by considering the changes through treatment of nitro-
gen species (TKN-N, NH3-N, and NOX-N), as well as supporting water quality parame-
ters.                                                                                   

Group 1 Single Pass Biofilters  Effluent NH3-N levels were below 2 mg/L for the four 
Stage 1 single pass biofilters and DO levels were greater than 7.9 mg/L (Table 3).  Or-
ganic N ranged from 2.3 to 3.5 mg/L in these same four systems. NOx was significantly 
increased in all Stage 1 biofilter effluents corresponding to the decrease in TKN. 
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Effluent NOX-N was less than 0.13 mg/L in the two Stage 2 single pass denitrification 
biofilters with sulfur media.  The three lignocellulosic biofilters (DENIT-LS2, DENIT-LS3, 
and DENIT-LS4) exhibited incomplete denitrification with effluent NOx-N of 41, 43 and 
3.4 mg/L, respectively.  Although the denitrification performance of the denitrification bio-
filters was expected to be more or less equivalent to biofilters with sulfur and glycerol 
electron donor, lignocellulosic biofilter performance continued to be inferior.  Possible 
reasons are lack of reactivity of lignocellulosic material, toxicity (release of toxic material 
from lignocellulosic material itself), or short circuiting within the biofilters. 

The influent to the DENIT-LS4 biofilter was effluent from the recirculation pump tank for 
the polystyrene biofilter (UNSAT-PS1) which contained 17 mg/L NH3-N and 12 mg/L 
NOx-N. While somewhat successfully denitrifying the relatively low influent NOx-N, DE-
NIT-LS4 effluent contained 9.5 mg/L NH3-N. This result again confirms that NH3-N will 
be readily transported through anoxic denitrification biofilters which are at the same time 
capable of achieving significant NOx reduction.    

Group 2 Stage 1 Recirculating Biofilters  NH3-N levels were at or below 0.7 mg/L for 
the four recirculating Stage 1 biofilters containing clinoptilolite, expanded clay, and sand 
media, and effluent DO was 7.9 to 11.0 mg/L.  Effluent NOx-N ranged from 25 to 36 
mg/L and organic N from 2.0 to 2.4 mg/L for these four recirculating Stage 1 biofilters.  
The nitrification performance of these biofilters was quite acceptable and TN reduction 
averaged 51%. The ammonia and DO concentrations in UNSAT-PS1 effluent were 16 
mg/L and 5.2 mg/L, respectively, indicating incomplete nitrification.  UNSAT-PS-1 also 
had significantly higher effluent TKN of 17 mg/L. 
 
Group 3 Stage 2 Horizontal Biofilters  Influent NOx-N to these biofilters was 29 mg/L. 
Effluent NOx-N was 0.35 mg/L and less in three of four Stage 2 horizontal biofilters.  The 
low NOx-N were accompanied by depressed DO and ORP of -173 to –231 mV.  Thus, 
three of the horizontal biofilters were effective in producing a reducing environment and 
achieving their NOx-N reduction goal.  DENIT-LS1 exhibited incomplete denitrification, 
with effluent NOx-N of 22 mg/L. 
 
Group 4 In-Situ Simulator Systems UNSAT-IS1, UNSAT-IS2 and UNSAT-IS4 exhi-
bited low effluent NOx-N of less than 0.4 mg/L.  UNSAT-IS2 and UNSAT-IS4 exhibited a 
TN concentration less than 1.3 mg/L.  For UNSAT-IS1, the effluent NOx-N was low but 
effluent NH3-N was 58 mg/L indicating incomplete nitrification as seen in Sample Event 2 
and 3.  UNSAT-IS3 exhibited effluent NOx-N of 32.3 mg/L indicating incomplete denitrifi-
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cation. In-situ simulator effluent SO4 concentrations were 7, 250, 120 and 110 mg/L, for 
IS1, IS2, IS3 and IS4 respectively. 
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Table 3 
Water Quality Analytical Results 

            

 

Group 
(Figure 1)

Sample ID Media Composition Analytical Laboratory
Sample 

Date/Time
Sample 

Type
Temp 
(°C)

pH
Total 

Alkalinity 
(mg/L)

DO      
(mg/L)

ORP 
(mV)

Specific 
Conductance 

(µS)

TDS 
(mg/L)

TSS 
(mg/L)

CBOD5 

(mg/L)

COD 
(mg/L)

TN       

(mg/L N)1
TKN      

(mg/L N)

Organic N 

(mg/L N)2
NH3-N 

(mg/L N)

NO3-N 

(mg/L N)

NO2-N 

(mg/L N)

NOx 
(mg/L N)

TIN        

(mg/L N)3
TP      

(mg/L)
Sulfide 
(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

Fecal        
(Ct/100 mL)

STE Sample
PNRS II STE-Tank 1 Southern 1/13/11 13:15 G 13.7 7.1 380 2.7 -236.5 1,220 470 83 78 230 66.0 66 9.0 57 0.02 0.01 0.03 57.03 16 6.9 13 8,900
PNRS II STE-Tank 1-D Southern 1/13/11 13:15 G 13.7 7.1 340 2.7 -236.5 1,220 470 64 85 280 62.1 62 4.0 58 0.05 0.01 0.06 58.06 11,100
PNRS II STE-Tank 1-D2 Pace 1/13/11 13:15 G 13.7 7.1 351 2.7 -236.5 1,220 570 15.5 87.9 290 61.3 61.1 9.8 51.3 0.12 0.12 0.24 51.54 14.1 17.6 100
Stage 1 Single Pass Biofilters  Effluent
UNSAT-EC1 15" Expanded Clay Southern 1/13/11 12:05 G 7.8 6.7 160 7.9 36.5 1,110 730 1 2 16 49.1 4.0 2.3 1.7 45 0.11 45.11 46.81 61 3,900
UNSAT-EC1-D 15" Expanded Clay Southern 1/13/11 12:05 G 7.8 6.7 180 7.9 36.5 1,110 720 1 2 24 48.2 4.1 2.5 1.6 44 0.11 44.11 45.71 3,000
UNSAT-EC3 30" Expanded Clay Southern 1/13/11 12:05 G 6.3 6.8 210 7.9 38.7 1,150 740 1 2 11 47.5 3.5 3.5 0.005 44 0.01 44.01 44.02 4
UNSAT-EC3-D 30" Expanded Clay Pace 1/13/11 12:05 G 6.3 6.8 222 7.9 38.7 1,150 914 5 3 16.2 35.8 0.42 0.4 0.020 35.1 0.25 35.35 35.37 5.6 64.4 12
UNSAT-CL1 15" Clinoptilolite Southern 1/13/11 11:45 G 8.2 7.2 180 8.8 32.3 1,200 710 1 2 16 33.9 2.7 2.7 0.020 31 0.16 31.16 31.18 59 100
UNSAT-CL1-D 15" Clinoptilolite Southern 1/13/11 11:45 G 8.2 7.2 280 8.8 32.3 1,200 700 3 2 20 24.1 2.9 2.9 0.020 21 0.18 21.18 21.20 40
UNSAT-CL3 30" Clinoptilolite Southern 1/13/11 12:05 G 8.3 7.3 300 9.9 20.2 1,300 810 1 2 13 43.8 2.7 2.7 0.016 41 0.07 41.07 41.09 110
UNSAT-CL3-D 30" Clinoptilolite Southern 1/13/11 12:05 G 8.3 7.3 280 9.9 20.2 1,300 840 2 2 16 42.9 2.8 2.8 0.018 40 0.06 40.06 40.08 25
Stage 2 Single Pass  Upflow Biofilters Effluent
DENIT-SU4 10% Limestone; 30% Sulfur; 60% Expanded Clay Southern 1/13/11 9:00 G 7.0 6.8 240 4.2 -99.6 1,350 1,000 2 2 20 1.3 1.2 1.0 0.22 0.10 0.03 0.13 0.35 0.14 0.08 420 3
DENIT-LS3 50% Lignocellulosic; 50% Sand Southern 1/13/11 9:00 G 6.6 6.7 240 5.4 -79 1,150 790 1 2 16 45.4 2.3 2.3 0.012 43 0.05 43.05 43.06 1
DENIT-SU3 80% Sulfur; 20% Oyster Shell Southern 1/13/11 9:00 G 6.9 6.9 280 2.8 -208.7 1,420 1,000 11 9 50 3.0 2.9 2.1 0.80 0.01 0.04 0.05 0.85 380 6
DENIT-LS2 25% Lignocellulosic; 75% Expanded Clay Southern 1/13/11 9:00 G 6.8 7.3 340 5.0 -135 1,300 860 1 2 16 43.8 2.7 2.6 0.085 41 0.07 41.07 41.16 1
DENIT-LS4 30% Lignocellulosic; 70% Expanded Clay Southern 1/13/11 9:00 G 7.4 7.3 230 5.2 -98.6 810 460 118 4 22 15.4 12 2.5 9.5 3.1 0.29 3.39 12.89 1
Recirculation Tanks Effluent
RC1 Southern 1/13/11 11:45 G 7.2 7.2 190 1.6 -0.9 950 520 7 11 37 26.5 12 1.0 11 14 0.53 14.53 25.53 8,200
RC2 Southern 1/13/11 11:40 G 7.4 7.1 200 2.5 -5 1,000 570 4 9 41 29.2 13 0.0 13 16 0.22 16.22 29.22 9,100
RC3 Southern 1/13/11 11:40 G 7.4 6.9 220 2.0 -21.7 990 560 13 12 46 28.4 12 1.0 11 14 2.4 16.40 27.40 13,000
RC4 Southern 1/13/11 12:30 G 8.3 7.3 280 0.4 -121.9 1,050 600 12 9 57 31.5 18 2.0 16 10 3.5 13.50 29.50 8,700
RC5 Southern 1/13/11 11:10 G 7.9 7.1 220 1.5 -120.7 930 500 17 16 57 36.9 29 6.0 23 6.3 1.6 7.90 30.90 12,700
Stage 1 Recirculating Biofilters Effluent
UNSAT-CL4 30" Clinoptilolite Southern 1/13/11 11:15 G 7.9 7.3 170 11.0 55.5 970 660 1 2 13 38.4 2.2 2.2 0.011 36 0.15 36.15 36.16 1
UNSAT-CL2 15" Clinoptilolite Southern 1/13/11 9:50 G 6.0 7.0 180 7.9 -88.9 990 600 1 3 16 29.2 2.0 2.0 0.019 27 0.23 27.23 27.25 730
UNSAT-EC4 30" Expanded Clay Southern 1/13/11 10:10 G 7.0 6.9 150 10.0 -88.8 960 600 1 2 16 32.9 2.4 2.4 0.038 30 0.50 30.50 30.54 21
UNSAT-SA2 30" Sand Southern 1/13/11 10:10 G 6.2 6.8 150 9.6 -70.8 900 550 1 3 16 28.7 3.0 2.3 0.66 25 0.71 25.71 26.37 41
UNSAT-PS1 30" Polystyrene Southern 1/13/11 10:15 G 5.8 7.3 200 5.2 -28.5 930 490 9 12 52 28.3 17 1.0 16 10 1.3 11.30 27.30 9,500
Pump 15 Tank (DENIT-LS4 Influent) Southern 1/13/11 9:20 G 5.0 7.0 200 6.4 -26.9 900 510 4 10 41 33.2 21 4.0 17 11 1.2 12.20 29.20 3,900
Denite Feed Tank (Tank 3)
DFT Southern 1/13/11 10:35 G 6.4 7.0 160 9.8 -40.9 950 590 1 2 46 31.5 2.4 2.3 0.054 29 0.06 29.06 29.11 67 22
Stage 2 Horizontal Biofilters Effluent
DENIT-SU1 80% Sulfur; 20% Oyster Shell Southern 1/13/11 8:00 G 0.2 6.8 220 1.2 -231.2 1,080 760 1 8 22 3.0 2.6 2.1 0.46 0.11 0.24 0.35 0.81 270 5
DENIT-SU2 10% Limestone; 30% Sulfur; 60% Expanded Clay Southern 1/13/11 8:00 G 0.3 6.8 200 1.6 -212.2 1,130 740 1 6 24 1.2 1.1 0.8 0.30 0.01 0.05 0.06 0.36 4.3 2.6 300 3
DENIT-LS1 50% Lignocellulosic; 50% Expanded Clay Southern 1/13/11 8:00 G 0.3 7.0 190 0.6 -173.1 910 590 1 2 16 23.9 1.8 1.8 0.007 22 0.1 22.10 22.11 1
DENIT-LS1-D 50% Lignocellulosic; 50% Expanded Clay Pace 1/13/11 8:00 G 0.3 7.0 219 0.6 -173.1 910 640 5 3 20.5 22.3 0.63 0.6 0.020 21.5 0.12 21.62 21.64 5.2 55.5
DENIT-GL1 12" Gravel; 60" Expanded Clay Southern 1/13/11 8:00 G 0.3 6.6 400 0.9 -208.7 1,000 540 3 17 48 6.5 6.3 0.5 5.8 0.11 0.04 0.15 5.95 1
In-situ Simulator Biofilters Effluent
UNSAT-IS1 (receives STE) 15" Sand; 12" Mix (45% EC, 35% Ligno, 20% Sulfur) Southern 1/13/11 10:00 G 1.2 6.7 430 0.4 -141.2 1,200 480 7 65 120 64.4 64 6.0 58 0.08 0.29 0.37 58.37 7 10

UNSAT-IS2 (receives NO3) 12" Sand; 12" Mix (45% EC, 35% Ligno, 20% Sulfur) Southern 1/13/11 8:15 G 6.2 6.8 200 3.9 -234.5 680 710 1 6 18 1.3 1.1 0.6 0.53 0.01 0.21 0.22 0.75 250 1
UNSAT-IS3-SP (receives STE) 12" Sand; 10" Mix (60% EC, 40% Ligno) Southern 1/13/11 14:10 G 4.0 7.5 210 12 39.2 980 600 3 2 26 7.7 1.8 1.8 0.036 3.70 2.20 5.90 5.94 130
UNSAT-IS3 (receives STE) 12" Sand; 10" Mix (60% EC, 40% Ligno); 3" Sulfur Southern 1/11/11 8:20 G 11.6 6.97 300 0.4 136.5 1,331 850 10 2 31 36.4 4.1 2.9 1.2 24.0 8.3 32.30 33.50 120
UNSAT-IS3 (receives STE) 12" Sand; 10" Mix (60% EC, 40% Ligno); 3" Sulfur Pace 1/11/11 8:20 G 11.6 6.97 280 0.4 136.5 1,331 868 10 24.2 41.8 1.9 0.8 1.1 31.3 8.6 39.90 41.00 0.50 116 1

UNSAT-IS4-SP (receives NO3) 12" Sand; 10" Mix (60% EC, 40% Ligno) Southern 1/13/11 14:00 G 5.1 6.60 100 12.0 35.1 1,050 710 1 2 22 52.4 3.5 3.4 0.1 46.0 2.9 48.90 49.00 92 1

UNSAT-IS4 (receives NO3) 12" Sand; 10" Mix (60% EC, 40% Ligno); 3" Sulfur Southern 1/11/11 8:30 G 11.6 7.08 260 1.0 150.4 993 620 7 2 29 1.0 0.87 0.8 0.092 0.11 0.01 0.12 0.21 110

UNSAT-IS4 (receives NO3) 12" Sand; 10" Mix (60% EC, 40% Ligno); 3" Sulfur Pace 1/11/11 8:30 G 11.6 7.08 264 1.0 150.4 993 637 5.0 29.5 1.1 1.0 0.9 0.052 0.050 0.050 0.10 0.15 3.9 119 1
Field Blank Reagent Water Southern 1/13/11 8:45 5.0 7.0 2 9.8 -54.6 40 10 1 2 10 0.1 0.05 0.05 0.005 0.01 0.01 0.02 0.03 1
Equipment Blank Reagent Water - Cleaned STE Bottle #2 Southern 1/13/11 11:30 5.3 7.0 2 9.8 -54.6 40 10 1 2 10 0.1 0.05 0.04 0.008 0.01 0.01 0.02 0.03 1

EC: expanded clay, CL: clinoptilolite, PS: polystyrene, SU: elemental sulfur, LS: lignocellulosic, GL: glycerol, OS: oyster shell, NS: sodium sesquicarbonate, GR: gravel

1

2

3

4

3Total Inorganic Nitrogen (TIN) is a calculated value equal to the sum of NH3 and NOX

Notes:
1Total Nitrogen (TN) is a calculated value equal to the sum of TKN and NOX
2Organic Nitrogen (ON) is a calculated value equal to the difference of TKN and NH3

D.O. - Dissolved oxygen
G - Grab sample
Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.
Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.
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Table 4 
Sample Event No. 4 External QC Sample Results 

            

Sample ID

Value % diff Value % diff Value % diff Value % diff Value % diff Value % diff Value % diff Value % diff Value % diff Value % diff Value % diff
STE Lab 380 470 83 78 230 66 57 0.02 0.01 13 8,900
STE Dup 340 -10.5% 470 0.0% 64 -22.9% 85 9.0% 280 21.7% 62 -6.1% 58 1.8% 0.05 0.01 0.0% 11,100
STE Split 351 -7.6% 570 21.3% 15.5 -81.3% 87.9 12.7% 290 26.1% 61.1 -7.4% 51.3 -10.0% 0.12 MDL 0.12 MDL 17.6 35.4% 100
EC1 Lab 160 730 1 2 16 4.0 1.7 45 0.11 61 3,900
EC1 Dup 180 12.5% 720 -1.4% 1 0.0% 2 0.0% 24 50.0% 4.1 2.5% 1.6 -5.9% 44 -2.2% 0.11 0.0% 3,000
EC3 Lab 210 740 1 2 11 3.5 0.005 44 0.01 4
EC3 Split 222 5.7% 914 23.5% 5 MDL 3 MDL 16.2 47.3% 0.42 -88.0% 0.020 MDL 35.1 -20.2% 0.25 MDL 64.4 12
CL1 Lab 180 710 1 2 16 2.7 0.020 31 0.16 59 100
CL1 Dup 280 55.6% 700 -1.4% 3 N/A 2 0.0% 20 25.0% 2.9 7.4% 0.020 0.0% 21 -32.3% 0.18 12.5% 40
CL3 Lab 300 810 1 2 13 2.7 0.016 41 0.07 110
CL3 Dup 280 -6.7% 840 3.7% 2 N/A 2 0.0% 16 23.1% 2.8 3.7% 0.018 12.5% 40 -2.4% 0.06 -14.3% 25
LS1 Lab 190 590 1 2 16 1.8 0.007 22 0.1 1
LS1 Split 219 15.3% 640 8.5% 5 MDL 3 MDL 20.5 28.1% 0.63 -65.0% 0.020 MDL 21.5 -2.3% 0.12 MDL 55.5

IS3 Lab 300 850 10 2 31 4.1 1.2 24.0 8.3 120
IS3 Split 280 -6.7% 868 2.1% 10 0.0% 24.2 -21.9% 1.9 -53.7% 1.1 -8.3% 31.3 30.4% 8.6 3.6% 116 -3.3% 1
IS4 Lab 260 620 7 2 29 0.87 0.092 0.11 0.01 110
IS4 Split 264 1.5% 637 2.7% 5.0 MDL 29.5 1.7% 1.0 14.9% 0.052 -43.5% 0.050 -54.5% 0.050 MDL 119 8.2% 1

Field Blank 2 10 1 2 10 0.05 0.005 0.01 0.01 1
Equipment Blank 2 10 1 2 10 0.05 0.008 0.01 0.01 1

TKN               
(mg/L N)

Total Alkalinity 
(mg/L)

TDS               
(mg/L)

TSS               
(mg/L)

CBOD5                 

(mg/L)

COD               
(mg/L)

NH3-N             

(mg/L N)

NO3-N             

(mg/L N)

NO2-N              

(mg/L N)

SO4                        

(mg/L)

Fecal             
(Ct/100 mL)
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Table 5 
Statistical Summary of Water Quality Data 

            

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sample ID
Media 

Composition
Statistical 
Parameter

Temp 
(°C)

pH
Total 

Alkalinity 
(mg/L)

DO       
(mg/L)

ORP 
(mV)

Specific 
Conductance 

(µS)

TDS 
(mg/L)

TSS 
(mg/L)

CBOD5 

(mg/L)

COD 
(mg/L)

TN       

(mg/L N)1
TKN       

(mg/L N)

Organic N 

(mg/L N)2
NH3-N 

(mg/L N)
NO3-N 

(mg/L N)

NO2-N 

(mg/L N)

NOx 
(mg/L N)

TIN         

(mg/L N)3
TP          

(mg/L)
Sulfide 
(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

Fecal         
(Ct/100 mL)

n 12 12 10 9 8 12 10 12 12 8 10 12 10 10 3 3 10 9 4 3 4 5 7
MEAN 23.2 333.5 1.4 -252.8 1077.3 417.7 39.4 71.2 247.6 58.0 59.0 8.0 49.9 0.06 0.05 0.06 47.3 8.8 15.7 8.4 13.9
STD. DEV. 5.9 77.6 212.0 89.9 27.7 29.7 20.6 18.9 4.6 19.2 0.05 0.06 0.07 18.3 3.6 0.6 2.9 12.5
MIN 13.7 6.4 210.0 0.0 -308.9 649.0 240.0 12.8 22.0 210.0 25.9 25.9 -0.7 20.0 0.02 0.01 0.01 20.0 6.6 15.0 5.4 2.8 80
MAX 28.3 7.3 430.0 2.7 -230.0 1250.0 570.0 83.0 100.0 290.0 85.1 85.0 15.0 74.0 0.12 0.12 0.24 67.0 14.1 16.0 12.0 33.0 77000

n 5 5 5 5 4 5 5 5 5 4 5 5 5 5 2 2 5 5 1 3 3 4 3
MEAN 18.4 152.0 7.4 79.6 1008.4 648.0 1.0 2.0 15.8 46.3 3.9 3.0 0.9 44.5 0.1 42.4 43.4 3.9 0.4 0.0 54.8
STD. DEV. 10.1 31.1 221.4 170.4 0.0 0.0 16.3 1.0 0.9 0.8 0.7 0.0 15.3 15.9 0.5 0.03 7.5
MIN 7.8 6.7 110.0 6.8 36.5 617.0 350.0 1.0 2.0 10.0 21.2 2.2 2.2 0.01 44.0 0.11 19.0 19.0 3.9 0.1 0.01 46.0 1.0
MAX 28.6 7.3 180.0 7.9 137.5 1150.0 770.0 1.0 2.0 24.0 66.8 4.8 4.3 1.7 45.0 0.1 62.0 63.3 3.9 1.0 0.1 61.0 3900.0
n 5 5 5 5 4 5 5 5 5 4 5 5 5 5 2 2 5 5 2 3
MEAN 18.2 177.2 7.2 74.9 1079.0 730.8 2.0 2.2 13.3 47.1 2.9 2.4 0.5 39.6 0.1 44.3 44.8 4.8
STD. DEV. 11.2 59.9 210.3 194.2 1.7 0.4 24.0 1.7 1.2 1.1 6.3 0.2 22.8 23.7
MIN 6.3 6.8 84.0 6.7 38.7 712.0 410.0 1.0 2.0 10.0 21.2 0.4 0.4 0.005 35.1 0.01 19.0 19.0 3.9 1.0
MAX 29.2 7.3 222.0 7.9 117.0 1250.0 914.0 5.0 3.0 16.2 85.9 4.9 3.5 2.4 44.0 0.3 81.0 83.4 5.6 12.0
n 5 5 5 5 4 5 5 5 5 4 5 5 5 5 2 2 5 5 1 3 3 4 4
MEAN 19.0 234.0 6.8 71.6 1131.6 686.0 2.6 2.0 16.5 33.2 2.7 2.7 0.013 26.000 0.170 30.5 30.5 8.0 0.5 0.03 51.5
STD. DEV. 10.2 36.5 161.4 127.0 2.6 0.0 10.9 0.1 0.1 0.007 7.071 0.014 11.0 11.0 0.5 0.04 11.4
MIN 8.2 7.1 180.0 3.5 32.3 857.0 470.0 1.0 2.0 10.0 20.7 2.6 2.6 0.005 21.000 0.160 18.0 18.0 8.0 0.1 0.01 37.0 10
MAX 29.5 8.3 280.0 8.8 116.2 1271.0 800.0 7.0 2.0 20.0 46.6 2.9 2.9 0.020 31.000 0.180 44.0 44.0 8.0 1.0 0.08 62.0 100
n 5 5 5 5 4 5 5 5 5 4 5 5 5 5 2 2 5 5 1 3
MEAN 18.8 296.0 8.3 56.2 1248.4 774.0 1.4 2.0 19.5 46.4 3.0 3.0 0.012 40.500 0.065 43.4 43.4 6.8
STD. DEV. 9.9 27.0 159.0 126.2 0.5 0.0 22.0 0.6 0.6 0.005 0.707 0.007 22.1 22.1
MIN 8.3 7.3 270.0 6.9 20.2 974.0 550.0 1.0 2.0 13.0 22.8 2.7 2.7 0.005 40.000 0.060 20.0 20.0 6.8 3.0
MAX 28.7 8.6 340.0 9.9 100.5 1388.0 850.0 2.0 2.0 29.0 82.7 4.0 4.0 0.018 41.000 0.070 80.0 80.0 6.8 110.0
n 2 2 2 2 1 2 2 2 2 1 2 2 2 2 0 0 2 2 1 1
MEAN 27.8 220.0 2.6 60.0 804.5 345.0 3.0 4.4 48.0 43.3 34.5 8.3 26.2 0.0 0.0 8.8 35.0 5.9
STD. DEV. 1.1 84.9 290.6 106.1 1.4 1.9 25.4 26.2 1.8 28.0 0.0 0.0 0.8 27.2
MIN 27.0 7.3 160.0 2.5 60.0 599.0 270.0 2.0 3.0 48.0 25.3 16.0 7.0 6.4 0.0 0.0 8.2 15.7 5.9 930
MAX 28.6 7.6 280.0 2.7 60.0 1010.0 420.0 4.0 5.7 48.0 61.2 53.0 9.6 46.0 0.0 0.0 9.3 54.2 5.9 930

n 2 2 2 2 1 2 2 2 2 1 2 2 2 2 2 2 1 2 2 2 1
MEAN 27.6 145.0 0.2 -106.6 1162.0 755.0 1.0 3.0 22.0 1.1 1.0 0.8 0.2 0.1 0.3 3.2 1.0 0.3 405.0
STD. DEV. - 7.1 329.5 275.8 0.0 1.3 0.4 0.4 0.2 0.1 0.1 0.2 1.2 0.4 205.1
MIN 27.1 6.6 140.0 0.1 -106.6 929.0 560.0 1.0 2.0 22.0 0.8 0.8 0.7 0.1 0.01 0.1 3.2 0.1 0.01 260.0 1.0
MAX 28.1 7.3 150.0 0.2 -106.6 1395.0 950.0 1.0 3.9 22.0 1.4 1.3 1.0 0.3 0.1 0.4 3.2 1.8 0.6 550.0 1.0
n 3 3 2 3 3 3 2 2 2 2 2 2 2 2 1 1 2 2 2 2 2
MEAN 16 225 4.5 -27 1506 1050 4 2 17 1.1 1.0 0.9 0.2 0.1 0.03 0.08 0.24 1 0.09 490
STD. DEV. - 21 155 71 3 0 0.3 0.2 0.1 0.1 0.08 0.16 0.61 0.01 98.99
MIN 7 7 210 1.6 -118 1350 1000 2 2 13 0.9 0.9 0.8 0.1 0.1 0.03 0.02 0.12 0.14 0.08 420
MAX 21 7 240 7.8 138 1659 1100 6 2 20 1.3 1.2 1.0 0.2 0.1 0.03 0.13 0.35 1.00 0.09 560
n 5 5 4 5 4 5 4 4 4 3 4 4 4 4 1 1 4 4 1 2
MEAN 19.9 220.0 2.8 56.7 1118.2 670.0 1.3 4.5 18.7 26.5 3.0 2.5 0.4 43.0 0.1 23.5 23.9 3.3
STD. DEV. 8.9 16.3 267.1 210.9 0.5 5.0 18.4 1.0 1.2 0.4 18.3 17.9
MIN 6.6 6.7 200.0 0.1 -79.0 695.0 370.0 1.0 2.0 11.0 2.0 2.0 1.1 0.0 43.0 0.1 0.01 1.0 3.3 1.0
MAX 28.1 7.7 240.0 5.4 259.3 1432.0 840.0 2.0 12.0 29.0 45.4 4.3 3.8 1.0 43.0 0.1 43.1 43.1 3.3 1.0
n 5 5 4 5 4 5 4 4 4 3 4 4 4 4 1 1 4 4 1 3 3 4 2
MEAN 20.8 245.0 2.2 -220.0 1472.2 952.5 7.5 6.8 38.3 2.4 2.4 1.7 0.7 0.01 0.04 0.04 0.7 6.2 4.7 2.4 430.0
STD. DEV. 8.6 50.7 148.7 168.4 7.2 5.2 0.5 0.5 0.5 0.2 0.02 0.2 2.3 1.9 92.0
MIN 6.9 6.7 170.0 0.1 -279.6 1257.0 710.0 1.0 2.0 26.0 1.9 1.8 1.2 0.5 0.01 0.04 0.01 0.5 6.2 2.4 0.9 340.0 1.0
MAX 28.4 7.2 280.0 7.7 -180.0 1655.0 1100.0 16.0 13.0 50.0 3.0 2.9 2.2 0.8 0.01 0.04 0.1 0.9 6.2 7.0 4.5 550.0 6.0
n 2 2 2 2 1 2 2 2 2 1 2 2 2 2 2 2 1 1
MEAN 27.3 375.0 2.1 -11.5 1223.0 680.0 5.0 3.8 24.0 17.5 2.3 2.0 0.3 15.2 15.5 5.7
STD. DEV. 0.1 7.1 318.2 240.4 5.7 2.5 20.7 1.2 1.2 0.0 19.5 19.6
MIN 27.2 7.8 370.0 0.1 -11.5 998.0 510.0 1.0 2.0 24.0 2.8 1.4 1.2 0.2 1.4 1.6 5.7 1.0
MAX 27.3 8.1 380.0 4.1 -11.5 1448.0 850.0 9.0 5.5 24.0 32.1 3.1 2.8 0.3 29.0 29.3 5.7 1.0
n 3 3 2 3 3 3 2 2 2 2 2 2 2 2 1 1 2 2 1
MEAN 15.4 330.0 4.5 66.4 1315.7 820.0 1.5 2.0 21.0 31.8 3.3 3.2 0.1 41.0 0.1 28.5 28.6 0.0
STD. DEV. 7.7 14.1 124.2 56.6 0.7 0.0 16.9 0.8 0.8 0.0 17.7 17.7 0.0
MIN 6.8 7.3 320.0 4.1 -135.0 1200.0 780.0 1.0 2.0 16.0 19.8 2.7 2.6 0.1 41.0 0.1 16.0 16.1 1.0
MAX 21.5 7.6 340.0 5.0 263.1 1447.0 860.0 2.0 2.0 26.0 43.8 3.8 3.7 0.1 41.0 0.1 41.1 41.2 1.0
n 5 5 5 5 4 5 5 5 5 3 4 4 4 4 1 1 4 4 1 2
MEAN 20.1 264.0 2.3 -49.8 897.4 412.0 24.6 3.8 25.7 31.8 28.5 12.7 15.8 3.1 0.3 3.3 19.2 6.9
STD. DEV. 8.3 85.0 197.0 82.9 52.2 3.1 24.8 26.0 14.4 12.1 4.6 12.2
MIN 7.4 7.3 180.0 0.4 -137.8 618.0 270.0 1.0 2.0 20.0 14.0 12.0 2.5 5.8 3.1 0.3 0.01 5.8 6.9 1.0
MAX 28.1 7.6 360.0 5.2 81.0 1120.0 480.0 118.0 9.1 35.0 67.2 67.0 34.0 33.0 3.1 0.3 9.8 33.2 6.9 12.0

STE Sample

Stage 1 Single Pass Biofilters  Effluent

Stage 2 Single Pass  Upflow Biofilters Effluent

STE-Tank 1

UNSAT-EC1 15" Expanded Clay

UNSAT-EC3 30" Expanded Clay

UNSAT-CL1 15" Clinoptilolite

UNSAT-CL3 30" Clinoptilolite

UNSAT-PS1 
(old)

30" Polystyrene

DENIT-SU4 
(old)

80% Sulfur; 20% 
Sodium Sesqui.

DENIT-LS3
50% 
Lignocellulosic; 
50% Sand

DENIT-SU4 
(new)

10% Limestone; 
30% Sulfur; 60% 
Expanded Clay

DENIT-SU3
80% Sulfur; 20% 
Oyster Shell

DENIT-LS2 
(old)

50% 
Lignocellulosic; 
50% Expanded Clay

DENIT-LS4
30% 
Lignocellulosic; 
70% Expanded Clay

DENIT-LS2 
(new)

25% 
Lignocellulosic; 
75% Expanded Clay
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Table 5 (con’t) 
Statistical Summary of Water Quality Data 

 

            

 
Sample ID

Media 
Composition

Statistical 
Parameter

Temp 
(°C)

pH
Total 

Alkalinity 
(mg/L)

DO       
(mg/L)

ORP 
(mV)

Specific 
Conductance 

(µS)

TDS 
(mg/L)

TSS 
(mg/L)

CBOD5 

(mg/L)

COD 
(mg/L)

TN       

(mg/L N)1
TKN       

(mg/L N)

Organic N 

(mg/L N)2
NH3-N 

(mg/L N)
NO3-N 

(mg/L N)

NO2-N 

(mg/L N)

NOx 
(mg/L N)

TIN         

(mg/L N)3
TP          

(mg/L)
Sulfide 
(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

Fecal         
(Ct/100 mL)

n 4 4 4 3 3 4 4 4 4 3 4 4 4 4 1 1 4 4 1 2
MEAN 22.2 185.0 1.2 -24.1 899.5 495.0 4.0 5.5 29.3 36.9 15.3 4.8 10.4 14.0 0.5 21.6 32.1 5.8
STD. DEV. 11.0 20.8 177.0 112.7 2.6 4.1 12.7 2.4 3.4 3.3 10.9 13.6
MIN 7.2 7.2 160.0 0.03 -128.3 637.0 330.0 1.0 2.0 22.0 26.5 12.0 1.0 5.7 14.0 0.5 12.0 17.7 5.8 114.0
MAX 30.8 7.3 210.0 2.1 57.0 1011.0 580.0 7.0 11.0 37.0 53.0 17.0 9.3 13.0 14.0 0.5 36.0 49.0 5.8 8200.0
n 4 4 4 3 3 4 4 4 4 3 4 4 4 4 1 1 4 4 1 2
MEAN 21.9 182.5 1.4 -18.2 932.5 515.0 2.5 5.3 33.3 34.8 16.0 4.4 11.6 16.0 0.2 18.8 30.4 4.2
STD. DEV. 10.9 31.0 169.5 117.3 1.3 3.8 7.9 2.6 4.3 4.3 5.7 9.6
MIN 7.4 7.1 140.0 0.1 -108.2 679.0 340.0 1.0 2.0 24.0 27.0 13.0 0.0 5.3 16.0 0.2 12.0 17.3 4.2 99.0
MAX 30.5 7.3 210.0 2.5 58.5 1031.0 590.0 4.0 9.0 41.0 43.0 19.0 9.7 15.0 16.0 0.2 24.0 38.0 4.2 9100.0
n 4 4 4 3 3 4 4 4 4 3 4 4 4 4 1 1 4 4 1 2
MEAN 21.5 210.0 1.5 41.6 979.5 515.0 6.5 6.6 48.7 34.1 14.8 5.5 9.3 14.0 2.4 19.4 28.7 6.4
STD. DEV. 10.6 41.6 157.1 104.7 4.9 4.7 8.3 3.4 4.2 2.9 9.5 10.3
MIN 7.4 6.9 160.0 0.1 -21.7 760.0 360.0 1.0 2.0 39.0 27.0 12.0 1.0 5.5 14.0 2.4 11.0 16.5 6.4 109.0
MAX 30.2 7.6 260.0 2.3 89.0 1128.0 590.0 13.0 12.0 61.0 45.0 19.0 10.5 12.0 14.0 2.4 33.0 41.7 6.4 13000.0
n 4 4 4 3 3 4 4 4 4 3 4 4 4 4 1 1 4 4 1 2
MEAN 21.8 235.0 0.8 0.1 1015.8 552.5 11.8 4.7 37.3 32.9 15.5 5.0 10.5 10.0 3.5 17.4 27.9 6.7
STD. DEV. 10.2 44.3 138.9 102.4 7.8 2.9 4.7 3.1 3.9 4.5 7.0 8.0
MIN 8.3 7.3 180.0 0.0 -121.9 811.0 400.0 2.0 2.7 26.0 27.0 11.0 2.0 5.5 10.0 3.5 11.0 16.5 6.7 112.0
MAX 30.4 7.8 280.0 1.9 73.0 1112.0 620.0 21.0 9.0 57.0 38.0 18.0 10.5 16.0 10.0 3.5 27.0 35.4 6.7 8700.0
n 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 1 2 2
MEAN 15.0 240.0 2.4 -12.4 990.0 490.0 12.5 12.0 59.0 41.0 30.0 4.5 25.5 6.3 1.6 11.0 36.5
STD. DEV.
MIN 7.9 7.1 220.0 1.5 -120.7 930.0 480.0 8.0 8.0 57.0 36.9 29.0 3.0 23.0 6.3 1.6 7.9 30.9
MAX 22.0 7.3 260.0 3.3 96.0 1050.0 500.0 17.0 16.0 61.0 45.0 31.0 6.0 28.0 6.3 1.6 14.0 42.0

n 4 4 4 4 3 4 4 4 4 3 4 4 4 4 1 1 4 4 1 2
MEAN 22.1 207.5 8.3 47.9 1011.0 620.0 2.8 2.0 12.3 34.1 2.3 2.3 0.01 36.00 0.15 31.8 31.8 7.6
STD. DEV. 9.8 47.9 131.5 93.8 3.5 0.0 16.1 0.2 0.2 0.01 16.2 16.1
MIN 7.9 6.7 170.0 7.1 35.5 860.0 480.0 1.0 2.0 11.0 10.3 2.1 2.1 0.005 36.000 0.150 7.9 7.9 7.6 1.0
MAX 29.3 7.8 270.0 11.0 55.5 1174.0 680.0 8.0 2.0 13.0 45.1 2.6 2.6 0.02 36.00 0.15 43.0 43.0 7.6 1.0
n 4 4 4 4 3 4 4 4 4 3 4 4 4 4 1 1 4 4 1 2
MEAN 20.8 175.0 6.6 -2.8 955.3 580.0 1.8 2.3 20.7 36.9 2.4 2.4 0.011 27.000 0.230 34.6 34.6 7.1
STD. DEV. 10.0 37.9 119.1 95.6 1.0 0.5 17.3 0.5 0.5 0.006 17.0 17.0
MIN 6.0 7.0 120.0 5.4 -88.9 781.0 440.0 1.0 2.0 16.0 17.1 2.0 2.0 0.005 27.000 0.230 15.0 15.0 7.1 4.0
MAX 27.1 7.9 200.0 7.9 50.2 1050.0 650.0 3.0 3.0 24.0 56.3 3.1 3.1 0.019 27.000 0.230 54.0 54.0 7.1 730.0
n 4 4 4 4 3 4 4 4 4 3 4 4 4 4 1 1 4 4 1 2
MEAN 21.3 145.0 7.9 12.2 900.3 562.5 1.3 2.0 13.0 36.3 2.4 2.4 0.02 30.00 0.50 33.9 33.9 3.8
STD. DEV. 9.9 12.9 160.3 143.8 0.5 0.0 14.0 0.4 0.4 0.02 13.8 13.8
MIN 7.0 6.9 130.0 6.9 -88.8 661.0 350.0 1.0 2.0 10.0 18.9 1.9 1.9 0.005 30.00 0.50 17.0 17.0 3.8 1.0
MAX 28.5 7.3 160.0 10.0 78.8 1000.0 660.0 2.0 2.0 16.0 52.3 2.9 2.9 0.04 30.00 0.50 50.0 50.0 3.8 21.0
n 4 4 4 4 3 4 4 4 4 3 4 4 4 4 1 1 4 4 1 2
MEAN 20.9 122.5 7.6 22.0 846.8 532.0 4.0 2.3 17.0 32.2 3.0 2.6 0.4 25.0 0.7 29.2 29.5 6.3
STD. DEV. 10.1 18.9 163.3 139.6 6.0 0.5 10.3 0.6 0.5 0.4 9.7 9.9
MIN 6.2 6.0 110.0 6.3 -70.8 604.0 330.0 1.0 2.0 13.0 19.2 2.2 2.2 0.01 25.0 0.7 17.0 17.0 6.3 1.0
MAX 28.2 6.9 150.0 9.6 89.2 953.0 638.0 13.0 3.0 22.0 41.5 3.5 3.3 0.7 25.0 0.7 38.0 38.7 6.3 41.0
n 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 1 2 2 1
MEAN 14.8 200.0 6.5 30.8 940.0 520.0 7.0 8.0 45.5 63.2 22.5 4.0 18.5 10.0 1.3 40.7 59.2
STD. DEV. 12.7 0.0 14.1 42.4 2.8 5.7 49.3 7.8 4.2 3.5 41.5 45.0
MIN 5.8 7.2 200.0 5.2 -28.5 930.0 490.0 5.0 4.0 39.0 28.3 17.0 1.0 16.0 10.0 1.3 11.3 27.3 9500.0
MAX 23.8 7.3 200.0 7.8 90.0 950.0 550.0 9.0 12.0 52.0 98.0 28.0 7.0 21.0 10.0 1.3 70.0 91.0 9500.0
n 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 1 2 2 1
MEAN 12.9 200.0 6.8 -4.1 935.0 530.0 5.0 6.5 37.0 37.6 21.0 4.0 17.0 11.0 1.2 16.6 33.6
STD. DEV. 11.1 0.0 49.5 28.3 1.4 4.9 6.2 0.0 0.0 0.0 6.2 6.2
MIN 5.0 7.0 200.0 6.4 -26.9 900.0 510.0 4.0 3.0 33.0 33.2 21.0 4.0 17.0 11.0 1.2 12.2 29.2 3900.0
MAX 20.7 7.4 200.0 7.1 18.8 970.0 550.0 6.0 10.0 41.0 42.0 21.0 4.0 17.0 11.0 1.2 21.0 38.0 3900.0

Recirculation Tanks Effluent

Stage 1 Recirculating Biofilters Effluent

RC2

RC3

RC5

RC4

15" Clinoptilolite

30" Expanded ClayUNSAT-EC4

30" Clinoptilolite

Pump 15 
Tank (DENIT-
LS4 Influent)

UNSAT-SA2 30" Sand

RC1

UNSAT-PS1 
(new recirc)

30" Polystyrene

UNSAT-CL2

UNSAT-CL4
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Table 5 (con’t) 
Statistical Summary of Water Quality Data 

 

            

Sample ID
Media 

Composition
Statistical 
Parameter

Temp 
(°C)

pH
Total 

Alkalinity 
(mg/L)

DO       
(mg/L)

ORP 
(mV)

Specific 
Conductance 

(µS)

TDS 
(mg/L)

TSS 
(mg/L)

CBOD5 

(mg/L)

COD 
(mg/L)

TN       

(mg/L N)1
TKN       

(mg/L N)

Organic N 

(mg/L N)2
NH3-N 

(mg/L N)
NO3-N 

(mg/L N)

NO2-N 

(mg/L N)

NOx 
(mg/L N)

TIN         

(mg/L N)3
TP          

(mg/L)
Sulfide 
(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

Fecal         
(Ct/100 mL)

n 4 4 4 4 3 4 4 4 4 3 4 4 4 4 1 1 4 4 1 3 3 4 2
MEAN 20.0 162.5 8.2 15.6 923.5 567.5 1.0 2.0 28.7 28.7 3.0 2.9 0.1 29.0 0.1 25.8 25.8 6.5 0.4 0.0 57.3
STD. DEV. 10.0 28.7 123.1 121.8 0.0 0.0 10.8 0.5 0.4 0.1 11.1 11.1 0.5 0.1 9.9
MIN 6.4 7.0 130.0 7.3 -40.9 744.0 390.0 1.0 2.0 18.0 19.5 2.4 2.3 0.01 29.0 0.06 16.0 16.2 6.5 0.1 0.01 46.0 1.0
MAX 28.1 8.1 200.0 9.8 62.2 1020.0 660.0 1.0 2.0 46.0 42.8 3.5 3.3 0.2 29.0 0.1 40.0 40.0 6.5 1.0 0.1 67.0 22.0

n 4 4 4 4 3 4 4 4 4 3 4 4 4 4 1 1 4 4 1 3 3 4 2
MEAN 20.2 222.5 0.9 -272.8 1248.8 830.0 1.0 19.0 45.0 2.5 2.4 1.1 1.3 0.1 0.2 0.1 1.4 5.0 23.7 10.7 325.0
STD. DEV. 13.4 17.1 0.7 165.3 150.1 0.0 8.1 0.4 0.4 0.8 0.9 0.2 0.8 6.1 1.4 97.1
MIN 0.2 6.8 200.0 0.1 -317.2 1080.0 660.0 1.0 8.0 22.0 2.0 1.9 0.3 0.5 0.1 0.2 0.01 0.8 5.0 17.0 9.2 230.0 3.0
MAX 28.0 7.2 240.0 1.6 -231.2 1473.0 1000.0 1.0 26.0 63.0 3.0 2.7 2.1 2.4 0.1 0.2 0.4 2.4 5.0 29.0 12.0 450.0 5.0
n 2 2 2 2 1 2 2 2 2 1 2 2 2 2 2 2 1 2 2 2 1
MEAN 26.4 235.0 0.9 -279.0 1400.0 810.0 1.5 12.5 50.0 4.1 1.5 1.0 0.5 2.6 3.1 4.8 7.1 3.4 305.0
STD. DEV. 2.2 35.4 2.8 169.7 0.7 10.7 3.2 0.4 0.2 0.6 3.7 3.0 9.8 4.7 233.3
MIN 24.8 7.0 210.0 0.5 -279.0 1398.0 690.0 1.0 4.9 50.0 1.8 1.2 0.9 0.01 0.025 0.9 4.8 0.1 0.0 140.0 1.0
MAX 27.9 9.1 260.0 1.2 -279.0 1402.0 930.0 2.0 20.0 50.0 6.4 1.8 1.2 0.9 5.2 5.2 4.8 14.0 6.7 470.0 1.0
n 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 1 2 2 2 2 2 1
MEAN 12.9 205.0 0.9 -151.1 1240.0 870.0 4.5 4.0 21.0 1.0 0.9 0.8 0.2 0.01 0.1 0.05 0.2 2.7 1.3 395.0
STD. DEV. 17.8 7.1 155.6 183.8 4.9 2.8 0.3 0.3 0.1 0.2 0.02 0.2 2.3 1.8 134.4
MIN 0.3 6.8 200.0 0.2 -212.2 1130.0 740.0 1.0 2.0 18.0 0.8 0.7 0.7 0.03 0.01 0.1 0.03 0.1 1.0 0.01 300.0 3.0
MAX 25.5 7.0 210.0 1.6 -90.0 1350.0 1000.0 8.0 6.0 24.0 1.2 1.1 0.8 0.3 0.01 0.1 0.1 0.4 4.3 2.6 490.0 3.0
n 6 6 6 6 5 6 5 6 6 4 6 6 6 6 2 2 6 6 2 2
MEAN 14.7 224.8 0.5 -136.3 927.7 534.0 1.7 11.5 24.6 17.3 1.9 1.6 0.3 21.8 0.1 15.5 15.7 2.8
STD. DEV. 12.1 23.5 111.0 101.6 1.6 21.8 12.9 0.8 0.9 0.4 0.4 0.0 12.7 12.4
MIN 0.3 6.9 190.0 0.1 -199.7 738.0 370.0 1.0 2.0 16.0 1.5 0.6 0.6 0.005 21.5 0.100 0.01 0.7 0.5 1.0
MAX 27.3 7.7 250.0 1.1 -15.4 1076.0 640.0 5.0 56.0 44.0 33.7 2.7 2.7 0.8 22.0 0.1 31.0 31.0 5.2 1.0
n 4 4 4 4 3 4 4 4 4 4 4 4 4 4 1 1 5 4 1 2
MEAN 18.6 417.5 0.8 -187.9 1095.0 665.0 27.0 217.3 312.0 20.3 19.0 9.9 9.2 0.1 0.04 1.0 10.4 2.9
STD. DEV. 12.5 181.5 402.9 364.6 48.7 395.4 30.6 31.4 18.1 13.4 2.1 12.7
MIN 0.3 6.4 220.0 0.0 -208.7 794.0 380.0 1.0 3.0 22.0 2.0 1.9 0.5 0.9 0.1 0.04 0.04 1.0 2.9 1.0
MAX 27.8 8.0 660.0 1.5 -174.9 1686.0 1200.0 100.0 810.0 1100.0 66.1 66.0 37.0 29.0 0.1 0.04 4.7 29.1 2.9 800.0

n 6 6 6 6 5 6 6 6 6 4 6 6 6 6 1 1 6 6 2 5 5 6 3
MEAN 20.8 306.7 0.8 -73.9 1391.8 783.3 23.8 16.4 82.3 37.2 37.1 2.7 34.3 0.08 0.29 0.1 34.4 1.5 2.1 1.2 304.8
STD. DEV. 10.8 111.3 513.7 420.1 43.8 24.2 31.0 30.9 2.7 28.4 0.1 28.5 0.4 2.2 1.1 405.8
MIN 1.2 6.4 130.0 0.1 -246.2 1120.0 480.0 2.0 2.0 57.0 0.4 0.4 0.0 0.045 0.08 0.29 0.022 0.1 1.2 0.1 0.01 7.0 1.0
MAX 29.7 7.1 430.0 2.0 221.6 2438.0 1600.0 113.0 65.0 120.0 75.0 75.0 6.0 69.0 0.08 0.29 0.4 69.0 1.7 4.7 2.8 1100.0 10.0
n 6 6 6 6 5 6 6 6 6 4 6 6 6 6 1 1 6 6 2 5 5 6 3
MEAN 21.4 176.7 1.0 -192.8 1474.8 1178.3 48.3 5.5 25.3 1.1 1.0 0.6 0.4 0.01 0.2 0.06 0.5 4.3 0.6 0.1 608.3
STD. DEV. 9.1 40.3 1097.7 897.8 45.1 4.5 0.4 0.3 0.3 0.3 0.08 0.3 3.9 0.5 0.3 588.2
MIN 6.2 6.1 100.0 0.1 -234.5 365.0 700.0 1.0 2.0 13.0 0.6 0.6 0.4 0.1 0.01 0.2 0.01 0.1 1.5 0.1 0.01 250.0 1.0
MAX 30.0 6.8 210.0 3.9 -130.0 3506.0 3000.0 108.0 13.0 50.0 1.5 1.5 1.2 0.8 0.01 0.2 0.22 0.9 7.0 1.0 0.6 1800.0 1.0
n 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
MEAN 4.0 210.0 12.0 39.2 980.0 600.0 3.0 2.0 26.0 7.7 1.8 1.8 0.04 3.7 2.2 5.9 5.9 130.0
STD. DEV.
MIN 4.0 7.5 210.0 12.0 39.2 980.0 600.0 3.0 2.0 26.0 7.7 1.8 1.8 0.04 3.7 2.2 5.9 5.9 130.0
MAX 4.0 7.5 210.0 12.0 39.2 980.0 600.0 3.0 2.0 26.0 7.7 1.8 1.8 0.04 3.7 2.2 5.9 5.9 130.0
n 4 4 4 4 4 4 3 3 3 3 4 4 4 4 2 2 4 4 1 1 1 4 1
MEAN 12.7 282.5 0.5 150.6 1390.3 1339.3 8.0 3.0 33.7 38.2 4.2 1.0 3.1 27.7 8.5 34.1 37.2 0.5 1.0 0.01 166.5
STD. DEV. 4.3 12.6 82.1 832.0 3.5 1.0 3.4 1.8 1.3 2.5 5.2 0.2 5.1 3.9 83.0
MIN 8.7 6.7 270.0 0.4 136.5 1331.0 850.0 4.0 2.0 24.2 34.4 1.9 0.2 1.1 24.0 8.3 28.0 33.5 0.5 1.0 0.01 116.0 1.0
MAX 18.7 7.0 300.0 0.5 171.2 1505.0 2300.0 10.0 4.0 46.0 41.8 6.4 2.9 6.2 31.3 8.6 39.9 41.0 0.5 1.0 0.01 290.0 1.0
n 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 5.1 100.0 12.0 35.1 1050.0 710.0 1.0 2.0 22.0 52.4 3.5 3.4 0.1 46.0 2.9 48.9 49.0 92.0
STD. DEV.
MIN 5.1 6.6 100.0 12.0 35.1 1050.0 710.0 1.0 2.0 22.0 52.4 3.5 3.4 0.1 46.0 2.9 48.9 49.0 92.0
MAX 5.1 6.6 100.0 12.0 35.1 1050.0 710.0 1.0 2.0 22.0 52.4 3.5 3.4 0.1 46.0 2.9 48.9 49.0 92.0
n 4 4 4 4 4 4 2 2 2 3 5 5 5 5 2 2 5 5 1 5 1
MEAN 12.5 0.0 251.0 2.9 158.3 778.8 628.5 6.0 2.0 31.2 13.2 1.4 1.3 0.07 0.08 0.03 11.8 11.8 3.9 269.8
STD. DEV. 4.2 0.0 35.1 523.1 12.0 1.4 0.0 17.5 0.5 0.5 0.02 0.04 0.03 17.0 17.0 181.7
MIN 8.4 7.1 200.0 0.8 150.4 0.0 620.0 5.0 2.0 29.0 1.0 0.9 0.8 0.04 0.05 0.01 0.1 0.2 3.9 110.0 1.0
MAX 18.3 7.5 280.0 9.0 179.5 1129.0 637.0 7.0 2.0 35.0 43.1 2.1 2.1 0.09 0.11 0.05 41.0 41.0 3.9 490.0 1.0

Orange - shaded data points indic

UNSAT-IS3-
SP (receives 
STE)

Sample Port below 
10" Mix (60% EC, 

40% Ligno), above 
3" Sulfur layer

Sample Port below 
10" Mix (60% EC, 

40% Ligno), above 
3" Sulfur layer

UNSAT-IS4-
SP (receives 

NO3)

EC: expanded clay, CL: clinoptilolite, PS: polystyrene, SU: elemental sulfur, LS: lignocellulosic, GL: glycerol, OS: oyster shell, NS: sodium sesquicarbonate, GR: gravel
DO - Dissolved oxygen

1Total Nitrogen (TN) is a calculated value equal to the sum of TKN and NOX
2Organic Nitrogen (ON) is a calculated value equal to the difference of TKN and NH3

Notes:

UNSAT-IS2 
(receives 

NO3)

12" Sand; 12" Mix 
(45% EC, 35% 
Ligno, 20% Sulfur)

DENIT-SU2 
(old)

80% Sulfur; 20% 
Sodium Sesqui.

DENIT-LS1
50% 
Lignocellulosic; 
50% Expanded Clay

DENIT-GL1
12" Gravel; 60" 
Expanded Clay

80% Sulfur; 20% 
Oyster Shell

UNSAT-IS1 
(receives 
STE)

15" Sand; 12" Mix 
(45% EC, 35% 
Ligno, 20% Sulfur)

DFT

Denite Feed Tank (Tank 3)

Stage 2 Horizontal Biofilters Effluent

Purple-shaded data points indicate results based on colony counts outside the method indicated ideal range.
Blue-shaded data points indicate the number is greater than reported value.

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.
Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

3Total Inorganic Nitrogen (TIN) is a calculated value equal to the sum of NH3 and NOX

In-situ Simulator Biofilters Effluent

DENIT-SU2 
(new)

10% Limestone; 
30% Sulfur; 60% 
Expanded Clay

UNSAT-IS4 
(receives 

NO3)

12" Sand; 10" Mix 
(60% EC, 40% 
Ligno); 3" Sulfur)

DENIT-SU1

UNSAT-IS3 
(receives 
STE)

12" Sand; 10" Mix 
(60% EC, 40% 
Ligno); 3" Sulfur)
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4.3 Flow Monitoring  
Influent and effluent flows were measured, recorded, and adjusted as necessary to 
maintain flow rates consistent with the experimental design following the sampling event. 
Flow measurements and adjustments are made following collection of liquid samples 
and field parameter analyses.   
 
A flow test was conducted January 17, 2011. These flow measurements are considered 
to represent those in effect leading up to and during the Sample Event 4.  The measured 
volumes and relative errors between measured and target flow rates are presented in 
Appendix C, Table 1.  For the Group 1 systems, measured STE inputs to four of the five 
Stage 1 biofilters were within the 15% operational target that is considered acceptable 
for PNRS II flow rates.  The measured influent volume of UNSAT-PS1 was - 24.3% of 
the target volume.  Measured effluent volumes for Stage 1 single pass biofilters (Stage 2 
influent) were within 14% of the target volume for four of the five systems (Appendix C, 
Table 1).  The DENIT-LS4 influent pipe was substantially clogged which led to UNSAT-
PS1 effluent backing up within the Pump 15 holding tank.  Therefore a measurement of 
influent volume to DENIT-LS4 was unable to be taken.   
 
For the Group 2 systems, all measured STE volumes to the Stage 1 recirculation tanks 
were within 14% of target volumes. All recycle flow volumes as recorded by the PLC 
were within 5% of target volumes based on the experimental design recycle ratio of 3.0.  
The calculated recycle ratios (i.e. recycle flow volume divided by the STE flow volume) 
for four of the five recirculation systems were within 12% of the target recycle ratio of 
3.0.  Although the recycle rate to the UNSAT-PS1 was close to target, the recycle ratio 
was high due to the low influent STE flow that was previously discussed. 
 
For Group 3 systems, the measured influent volumes to the Stage 2 horizontal denitrifi-
cation biofilters were all within 4% of target.   
 
For Group 4 biofilters, the UNSAT-IS1 and UNSAT-IS2 measured influent volumes were 
within 15% of target volumes. The UNSAT-IS3 and UNSAT-IS4 measured influent vo-
lumes were within 3% of target volumes. 
 
After evaluating the influent flow test results, a few maintenance items were conducted:  

• Hydrosplitter 1 petcock valves were adjusted January 18th  to provide equal dis-
tribution of flow to each of the five Stage 1 biofilters with input volumes as close 
to the target volume as possible. 

• Influent pipe to DENIT-LS4 was unclogged January 18th     
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The flows were rechecked after modifications to the systems were made and are pro-
vided in Appendix C, Table 2.  The UNSAT-PS1 measured influent volume is closer to 
the target as measured on January 18th which will continue to be monitored.   

5.0 PNRS II Sample Event No. 4: Summary and Recommendations 

5.1 Summary  
The results of the fourth sampling event serve to confirm that the experimental systems 
are functioning as intended and provide the basis upon which to make system adjust-
ments and modifications.  The Sample Event No. 4 results indicate that: 

• Delivered flowrates to all biofilters continued to be generally within 15% of target; 

• Septic tank effluent (STE) quality supplied to PNRS II systems is reasonably cha-
racteristic of typical household STE quality due to system modifications; 

• Nine out of ten Stage 1 unsaturated biofilters produced effluent NH3-N of 1.7 
mg/L or less; 

• Five out of nine Stage 2 saturated biofilters produced effluent NOx-N of 0.35 
mg/L or less;  

These results provide continuing support of the nitrogen reduction potential of the PNRS 
II biofiltration systems.  Where expected or desired PNRS II outcomes are not being 
achieved, they appear to be due to tractable issues can be addressed, as discussed in 
the following sections. 
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5.2 Recommendations  
Careful observation of PNRS II systems and the results of Sample Events No. 1 to 4 
were used to formulate recommendations for adjustments and modifications to the test 
systems and the GCREC pilot facility.  The issues to be addressed, recommended mod-
ifications and their rationale, and expected outcomes are presented below.  Recommen-
dations are made for each of the PNRS II performance issues that have been identified.  
It is believed that each issue can be resolved by implementing the recommendations.  
All recommendations are based on the overriding PNRS II goal of providing functional 
specifications for modular biofiltration components for passive onsite nitrogen reducing 
treatment systems.  The project team will continuously evaluate all PNRS II results in-
cluding those that particularly result from implementation of the recommendations and 
make further adaptations as needed. 

5.2.1 Polystyrene Biofilter (UNSAT-PS1)  
In Sample Event 4, the unsaturated recirculating biofilter with polystyrene media (UN-
SAT-PS1) exhibited better nitrogen performance as compared to Sample Event 1, 2 and 
3.   However, the polystyrene media is not performing as well as the other stage one 
media and does not appear likely to satisfy the objectives of the project. Therefore, it is 
recommended to discontinue this system.  

5.2.2 Lignocellulosic Containing Biofilters (DENIT-LS1, DENIT-LS2, DENIT-LS3, 
DENIT-LS4, UNSAT-IS1, UNSAT-IS2, UNSAT-IS3 and UNSAT-IS4) 

The three upflow and one horizontal denitrification biofilters with lignocellulosic media 
continued to show limited NOx reduction in Sample Event 4.  Possible reasons are lack 
of reactivity of lignocellulosic material, toxicity (release of toxic material from lignocellu-
losic material itself), or short circuiting as witnessed in the dye test. It is recommended to 
replace the lignocellulosic material in all the biofilters containing lignocellulosic media 
with new lignocellulosic material from a different source, and to rebuild these biofilters 
with special attention to minimizing the potential for hydraulic short circuiting.      

5.2.3 UNSAT-IS1 and UNSAT-IS2 Ponding 
The UNSAT-IS1 and UNSAT-IS2 biofilters exhibited ponding at the surface during this 
sample event.  Following the sampling event, a clog in the discharge line was detected.  
It is recommended to replace the discharge PVC piping with clear tubing during the tank 
cleaning and media replacement to allow better visual inspection for clogs.  

5.2.5 Continue to Monitor Quality of STE Supplied to PNRS II Systems 
The characteristics of GCREC septic tank effluent in Sample Event 4 continued to be 
more typical of Florida single family residences than in previous sample events.  It 
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seems likely that this was at least partially due to the system modifications that were im-
plemented after Sample Event 2 but prior to Sample Event 3.  Continued diligence will 
be maintained to insure that the PNRS II systems are supplied STE of acceptable cha-
racteristics.   

5.2.6 Modify Operation 
A track record of acceptable performance has been established for many PNRS II sys-
tems and increased flowrates are recommended.  These are: 

 
Stage 1 Biofilters 

• Expanded clay and clinoptilolite media 
- increase loading rates: 

Single pass: 3 gal/ft2-day to 5 gal/ft2-day STE 
Recycle:  3 gal/ft2-day to 6 gal/ft2-day STE  

 
Stage 2 Biofilters 

• Sulfur 
- increase loading rates: 

Single pass coupled: single pass Stage 1 effluent 
5.6 to 9.3 gal/ft2-day; 25.7 to 15.4 hour mean pore water residence 
time (MPWRT) 

Horizontal: Stage 1 w/recycle combined effluent 
10 to 20 gal/ft2-day; 43 to 21.5 hour MPWRT 

• Glycerol 
- increase loading rate:  10 to 20 gal/ft2-day; 43 to 21.5 hour MPWRT 
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Appendix A: Operation & Maintenance Log 

 
 

Table A.1 
Operation and Maintenance Log 

Date Description 
5/17/2010 Start-up 
5/20/2010 Pump 1 not in Auto, LL float alarm, refilled Tank 1 to HIGH float 
5/24/2010 Glycerol batch #1 prepared (125 mL glycerol; 1875 mL DI water), feed rate ~ 8 mL/dose 
5/26/2010 LL float alarm, refilled Tank 1 to HIGH float 
6/1/2010 Replaced glycerol tubing 
6/4/2010 LL float alarm, refilled Tank 1 to HIGH float, determined that LOW float is faulty 

Revised floats so that old Low Float is now High float  
Revised program installed so that only LOW Float turns on/off Pump 1 

6/8/2010 Glycerol batch #2 prepared (125 mL glycerol; 1875 mL DI water), feed rate ~ 8 mL/dose 
6/18/2010 Pump 1 screen cleaned with hose 
6/21/2010 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 

Pump 8 was on "OFF", turned back to "AUTO" 
6/22/2010 Pump 5 had turned off, turned back on at 9:32 am 
6/28/2010 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 

Replaced glycerol tubing, kink in top, added elbow 
Russ replaced existing GCREC mound Pump 2 ~ 11:00 am 
All Systems Flow Check 

7/1/2010 Sample Event #1 
7/2/2010 Pump 1 screen cleaned with hose 
7/8/2010 Glycerol tubing had released to bottom of container, replaced with polyethylene tubing 

Tank 1 LOW Float alarm, revised magnet distance to shorten Pump 1 runtime 
Pump 1 screen cleaned with hose 

7/12/2010 Pump 5 Error Code 18, cleared alarm and restarted pump 
7/14/2010 UPS beeping, problem with receptacle, temporary fix with extension cord 
7/15/2010 Electrician fixed receptacle 
7/16/2010 Per Dr. Stanley all condensate flow diverted from septic system 

Russ fixed existing GCREC Mound Pump 2 which had not been running 
Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 
Glycerol batch #3 prepared (125 mL glycerol; 1875 mL DI water), feed rate ~ 8 mL/dose 
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Date Description 
7/16/2010 Capillary mat added to PS-1  
7/19/2010 IS 1 changed discharge (rotated 180°) now 15 inches of saturation from bottom of tank  
7/20/2010 IS 2 changed discharge (rotated 180°) now 15 inches of saturation from bottom of tank  
7/26/2010 Removed PS1 capillary mat from inside mesh bag, replaced with new mat on top of bag 

Glycerol batch #4 (70 mL glycerol; 1930 mL DI water), feed rate ~ 10 mL/dose 
8/3/2010 Glycerol batch #5 (70 mL glycerol; 1930 mL DI water), feed rate ~ 10 mL/dose 
8/4/2010 Cleaned crosses in Stage 1 Recirculating Biofilters 

Added tees to outlet of RC1 and RC4 tanks to alleviate blockage build-up 
Replaced Hydrosplitter 1 & 2 tubing 
Replaced Stage 2 horizontal tubing from Pump 11 
Cleaned Stage 2 horizontal sample ports 
Lowered Pump 1 Low Float 2 wraps to decrease volume in tank( decrease residence time) 

8/10/2010 Glycerol batch #6 (70 mL glycerol; 1930 mL DI water), feed rate ~ 10 mL/dose 
Raised Pump 1 Low Float 1 wrap because float down was below the hole  

8/12/2010 Revised tubing connection at top of In-Situ simulator tanks to elbow  
8/17/2010 Glycerol batch #7 (70 mL glycerol; 1930 mL DI water), feed rate ~ 10 mL/dose 

Added tees to outlet in RC2 and RC3 tanks as well 
Revised RC tanks discharge piping to flexible hose   

8/19/2010 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 
8/23/2010 Possible leak detected at Recirc Tank #2 for P7 
8/27/2010 Glycerol batch #8 (70 mL glycerol; 1930 mL DI water), feed rate ~ 10 mL/dose 
8/31/2010 Sample Event #2 
9/1/2010 Replaced elbow for Recirc Tank #2 (STE tubing) to fix leak 

All Systems Flow Check 
9/7/2010 Glycerol batch #9 (70 mL glycerol; 1930 DI water), feed rate ~ 10 mL/dose 

Removed PS1 capillary mat 
9/9/2010 Replaced Pump 5 pump tubing 
9/10/2010 Cut the LS4 inlet pipe and used a drain snake to unclog both elbows 
9/13/2010 Glycerol batch #10 (70 mL glycerol; 1980 DI water), feed rate ~ 10 mL/dose 
9/17/2010 Modified Pump 7 runtime to 15 seconds per dose 
9/21/2010 Reconnected the glycerol tubing between bottle and pump head which had separated 

Added sample ports to recirculation pump tank discharge lines for flow measurement 
9/28/2010 Glycerol batch #11 (70 mL glycerol; 1930 DI water), feed rate ~ 10 mL/dose 

New clear glycerol bottle with graduated sides, replaced tubing 
10/5/2010 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 
10/6/2010 Glycerol batch #12 (30 mL glycerol; 1970 DI water), feed rate ~ 10 mL/dose 
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Date Description 
10/7/2010 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 
10/8/2010 Modified Pump 1 discharge pipe to extend through Tank 1 hole in baffle wall 
10/11/2010 DENIT-GL-1 nitrified STE influent tubing had disconnected, reattached 

Calibrated IS1 and IS2 tubing 
Calibrated Stage 2 horizontal tubing 

10/14/2010 Glycerol batch #13 (30 mL glycerol; 1970 DI water), feed rate ~ 10 mL/dose 
Built new in-situ columns IS3 and IS4 

10/15/2010 Unclogged PS1 discharge pipe 
Cleaned Pump 1 intake screen 
Lowered Pump 1 Low Float 1 wrap to decrease volume in tank 

10/18/2010 Completed IS3 and IS4 piping, started dosing  @ 9:30 am 
Added 3” coarse sand to UNSAT-IS1 for complete nitrification 

10/19/2010 Started dye test DENIT-LS2 and DENIT-LS3 
Lowered Pump 1 Low Float 1 wrap to decrease volume in tank 

10/20/2010 Calibrated IS3 and IS4 tubing  
Glycerol batch #14 (15 mL glycerol; 985 DI water), feed rate ~ 10 mL/dose 

10/22/2010 Moved Pump 1 to effluent baffle tee of existing GCREC Tank 1 
Converted UNSAT-PS1 to recirculating biofilter 

10/25/2010 Glycerol batch #15 (15 mL glycerol; 985 DI water), feed rate ~ 10 mL/dose 
DENIT-SU4 media ~5.5" below initial level 
Removed DENIT-SU4, DENIT-SU2 and DENIT-LS2 media 
Cleaned tanks 
Replaced DENIT-SU2 media (30% sulfur, 10% limestone, 60% expanded clay mixture) 
Replaced DENIT-SU4 media (30% sulfur, 10% limestone, 60% expanded clay mixture) 
Replaced DENIT-LS2 media (25% lignocellulosic, 75% expanded clay mixture) 

10/27/2010 Glycerol batch #16 (13.5 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
11/1/2010 Glycerol batch #17 (13.5 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
11/5/2010 Glycerol batch #18 (13.5 mL glycerol; 986.5 DI water), feed rate ~ 10 mL/dose 
11/10/2010 Sample Event #3 
11/11/2010 Glycerol batch #19 (13.5 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
11/18/2010 Glued UNSAT-IS3 and UNSAT-IS4 discharge piping to stop potential leaks 

Glycerol batch #20 (13.5 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
Calibrated UNSAT-IS3 and IS4 tubing 

11/19/2010 All Systems Flow Check 
11/24/2010 Glycerol batch #21 (13.5 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
11/29/2010 Glycerol batch #22 (13.5 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 



o:
\4

42
37

-0
01

\\W
pd

oc
s\

R
ep

or
t\D

ra
ft 

Appendix A February 2011 

FLORIDA DEPARTMENT OF HEALTH PAGE A-4 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 4 HAZEN AND SAWYER, P.C. 

 

Date Description 
11/29/2010 Threaded and glued UNSAT-IS3 and UNSAT-IS4 petcock valves 
12/1/2010 Tank 1 low-low float alarm activated, high float had activated in Tank 1 preventing   

Pump 1 to run. Cleared both alarms 
12/3/2010 Cleared plug in DENIT-LS4 influent piping 

Replaced Hydrosplitter 1 & 2 tubing 
Replaced Pump 11 pump and system tubing 
Replaced Pump 5 pump and system tubing 
Glycerol batch #23 (13.5 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 

12/7/2010 Hydrosplitter 1 Flow Check 
Calibrated UNSAT-IS3 and IS4 tubing 

12/10/2010 Glycerol batch #24 (13.5 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
12/13/2010 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 
12/14/2010 Increased Pump 15 runtime to 6:1 recycle rate 
12/17/2010 Glycerol batch #25 (13.5 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
12/22/2010 UNSAT-IS3 and IS4 effluent samples sent to Southern 
12/23/2010 DENIT-LS4, LS2, SU3, LS3, and SU4 effluent sample to Southern 

Glycerol batch #26 (13.5 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
12/27/2010 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 
12/30/2010 Hydrosplitter 1 Flow Check 

Glycerol batch #27 (13.5 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
All Systems Flow Check 

1/6/2011 Glycerol batch #28 (13.5 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
1/11/2011 UNSAT-IS3 and IS4 effluent Sample Event #4 samples sent to Southern 

Ponding at surface of UNSAT-IS1 and IS2 
Cleared line blockage at outlet from IS1 and IS2 

1/13/2011 Sample Event #4 
Glycerol batch #29 (13.5 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 

1/14/2011 Stage 2 Profile Samples sent to Southern 
1/17/2011 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 

All Systems Flow Check 
Cleaned all recirculation system Stage 1 distribution pipes with tap water 
Pump 7 was air locked - restarted 

1/18/2011 Hydrosplitter 1 Flow Check - calibration 
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Figure A.1 
Capillary Mat Installed above Polystyrene Media 7/16/10 
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PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 4 HAZEN AND SAWYER, P.C. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure A.2  
Revised In-situ Simulators Discharge Piping 7/20/10 

 

Figure A.3 
RC1 Outlet Tee 8/4/10 
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Figure A.4 
UNSAT-CL4 before Cleaning 8/4/10 

 
 
 
 
 
 
 
 
 
 
 
 

Figure A.5 
UNSAT-CL4 after Cleaning 8/4/10 
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Figure A.6 
Unclogging UNSAT-LS4 Influent Pipe 9/10/10 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure A.7 
2” Pipe Extension into PNRS II Tank 1 Pump Chamber 10/8/10 

2” Pipe Extension 
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PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 4 HAZEN AND SAWYER, P.C. 

 

 
Figure A.8 

UNSAT-IS3 and UNSAT-IS4 Columns 10/14/10 
 
 

 
 
 
 

UNSAT-IS3 UNSAT-IS4 
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FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY  PAGE B-1 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 4 HAZEN AND SAWYER, P.C. 

 
Appendix B: PLC Data Tables 

Table B.1 
Summary of PLC Recorded Daily Flows 

(11/11/10 – 1/12/11) 

Date Range 

 Average  
Recorded 

Flow 
(gpd) 

Std. 
Dev. 

MIN 
(gpd)

MAX 
(gpd)

Target 
Flow  
(gpd) 

Relative 
Error1 (%) 

11/11/10-
1/12/11 

Pump 4 to Hy-
dro 1 70 16.84 0 118 73.7 -5.0% 

Pump 14 to Hy-
dro 2 57 11.40 0 62 58.9 -2.6% 

Pump 6 to Re-
circ. System 1 41 8.01 0 44 44.2 -7.4% 

Pump 7 to Re-
circ. System 2 42 8.20 0 45 44.2 -5.3% 

Pump 8 to Re-
circ. System 3 41 8.05 0 44 44.2 -7.0% 

Pump 9 to Re-
circ. System 4 41 8.42 0 44 44.2 -8.3% 

UNSAT-PS1 Target 3:1 Recycle Ratio 
11/11/10-
12/13/10 

Pump 15 to Re-
circ. System 5 40 11.71 0 64 44.2 -10.6% 

UNSAT-PS1 Target 6:1 Recycle Ratio 
12/15/10-
1/12/11 

Pump 15 to Re-
circ. System 5 91 5.43 89 119 88.4 2.8% 

1Relative Error = (Recorded Flow – Target Flow)/ Target Flow *100 
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FLORIDA DEPARTMENT OF HEALTH PAGE B-2 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 4 HAZEN AND SAWYER, P.C. 

 

Table B.2 
Summary of PLC Recorded Daily Runtimes 

(1/11/10 – 1/12/11) 

Date Range 

 Average 
Recorded 

Daily 
Runtime 

(minutes/day)

Std. 
Dev.

MIN 
(minutes)

MAX 
(minutes) 

Target 
Daily 

Runtime 
(minutes)

Relative 
Error1 
(%) 

P4 Runtime Target = 31 seconds/dose 
11/11/10-
12/6/10 

Pump 4 to 
Hydro 1 11.4 3.6 0.0 13.0 12.4 -7.9% 

P4 Runtime Target = 442 seconds/dose 
12/8/10-
1/12/11 

Pump 4 to 
Hydro 1 18.2 1.1 17.0 24.0 17.6 3.5% 

11/11/10-
1/12/11 

Pump 14 to 
Hydro 2 10.3 2.0 0.0 11.0 10.4 -1.1% 

Pump 6 to 
Recirc. 
System 1 

6.1 1.3 0.0 7.0 6.0 1.6% 

Pump 7 to 
Recirc. 
System 2 

6.1 1.3 0.0 7.0 6.0 1.6% 

Pump 8 to 
Recirc. 
System 3 

6.1 1.3 0.0 7.0 6.0 1.6% 

Pump 9 to 
Recirc. 
System 4 

6.1 1.3 0.0 7.0 6.0 1.6% 

UNSAT-PS1 Target 3:1 Recycle Ratio 

11/11/10-
12/13/10 

Pump 15 to 
Recirc. 
System 5 

6.1 1.9 0.0 10.0 6.0 2.0% 

UNSAT-PS1 Target 6:1 Recycle Ratio 

12/15/10-
1/12/11 

Pump 15 to 
Recirc. 
System 5 

14.2 0.9 14.0 19.0 14.0 1.2% 

1Relative Error = (Recorded Runtime – Target Runtime)/ Target Runtime *100 
 2Pump 4 Runtime was increased to increase UNSAT-PS1 STE influent volume to target level 
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FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY  PAGE C-1 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 4 HAZEN AND SAWYER, P.C. 

 
Appendix C: Flow Test Results 
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FLORIDA DEPARTMENT OF HEALTH PAGE C-2 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 4 HAZEN AND SAWYER, P.C. 

 

Table C.1 
Flow Test Results (before flow recalibration) 

Target Input 
Volume

Dose/day
Target Input 

Volume
Measured Input 

Volume
Relative Error 

(%)
Target Recycle 

Ratio (RR)

Calculated 
Recycle Ratio 

(RR)

Relative Error 
(%)

(mL/day) (Dose/day) (mL/dose) (mL/dose)

  (Measured 
Input -Target 

Input) / Target 
Input * 100

Volume Recycle 
/ Volume STE

Volume Recycle 
/ Volume STE

Measured RR - 
Target RR / 

Measured RR * 
100

 Stage 1 Single Pass Biofilters        
(Hydrosplitter 1)

Date
1/17/2011 Dose @ 

9:00 am

UNSAT-PS1 1,755 -24.3%

UNSAT-CL3 2,650 14.3%

UNSAT-CL1 2,520 8.7%

UNSAT-EC3 2,620 13.0%

UNSAT-EC1 2,580 11.3%

Mean 2,425 4.6%

Stage 2 Single Pass Upflow Biofilters

Date
1/17/2011 8:00-

9:00 am

DENIT-LS4 Plugged

DENIT-LS2 2,580 11.3%

DENIT-SU3 2,165 -6.6%

DENIT-LS3 2,640 13.8%

DENIT-SU4 2,245 -3.2%

Mean 2,408 3.8%

Stage 1 Recirculating Biofilters 
(Hydrosplitter 2)

Date
(1/17/2011) dose 

@ 10:30 am

RC1 : UNSAT-SA2 2,000 -13.8%

RC2 : UNSAT-EC4 2,080 -10.3%

RC3 : UNSAT-CL2 2,290 -1.3%

RC4 : UNSAT-CL4 2,260 -2.5%

Mean 2,158 -7.0%

Stage 1 Recirculating Biofilters   
(Recycle)

Flowmeter  
1/17/2011  

RC1 : UNSAT-SA2 6,781 -2.5% 3.39 11.5%

RC2 : UNSAT-EC4 6,939 -0.3% 3.34 10.1%

RC3 : UNSAT-CL2 6,781 -2.5% 2.96 -1.3%

RC4 : UNSAT-CL4 6,624 -4.8% 2.93 -2.4%

Mean 6,781 -2.5% 3.15 4.5%

RC5 : UNSAT-PS1 333,936 24 13,914 14,036 0.9% 6:1 8.00 25.0%

Stage 1 Recirculating Biofilters  
(Hydrosplitter + Recycle)

RC1 : UNSAT-SA2 8,781

RC2 : UNSAT-EC4 9,019

RC3 : UNSAT-CL2 9,071

RC4 : UNSAT-CL4 8,884

Mean 8,939

RC5 : UNSAT-PS1 389,592 24 16,233 15,791

Horizontal Denitrification Biofilters

Date
1/17/2011 dose @ 

10:40 am 

DENIT-SU1 311 0.7%

DENIT-SU2 311 0.7%

DENIT-GL1 298 -3.5%

DENIT-LS1 300 -2.8%

Mean 305 -1.2%

 In-Situ Simulators

Date
1/17/2011 manual 

dose

UNSAT-IS1 (STE) 2,590 4.9%

UNSAT-IS2 (Nitrified STE) 2,830 14.6%

UNSAT-IS3 (STE) 96 -3.0%

UNSAT-IS4 (Nitrified STE) 101 2.0%

  Notes:  Yellow-shaded cells are measured values; grey-shaded cells are calculated values

166,968 24 6,957

222,624 24 9,276

Recycle Ratio

3:1

Group        
(Figure 1)

Biofilter/Flow

Target Input Measured Input

1

55,656 24 2,319

55,656 24 2,319

2

55,656 24 2,319

3
7,409 24 308.7

4

99

14,814 6 2,469

594 6
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PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 4 HAZEN AND SAWYER, P.C. 

 

Table C.2 
Flow Test Results (after flow recalibration) 

Target Input 
Volume

Dose/day
Target Input 

Volume
Measured Input 

Volume
Relative Error 

(%)
Target Recycle 

Ratio (RR)

Calculated 
Recycle Ratio 

(RR)

Relative Error 
(%)

(mL/day) (Dose/day) (mL/dose) (mL/dose)

  (Measured 
Input -Target 

Input) / Target 
Input * 100

Volume Recycle 
/ Volume STE

Volume Recycle 
/ Volume STE

Measured RR - 
Target RR / 

Measured RR * 
100

 Stage 1 Single Pass Biofilters        
(Hydrosplitter 1)

Date
(1/18/11) manual 
dose @ 9:55 am

UNSAT-PS1 2,645 14.1%

UNSAT-CL3 2,420 4.4%

UNSAT-CL1 2,410 3.9%

UNSAT-EC3 2,310 -0.4%

UNSAT-EC1 2,250 -3.0%

Mean 2,407 3.8%

Stage 2 Single Pass Upflow Biofilters

Date
1/17/2011 8:00-

9:00 am

DENIT-LS4 Plugged

DENIT-LS2 2,580 11.3%

DENIT-SU3 2,165 -6.6%

DENIT-LS3 2,640 13.8%

DENIT-SU4 2,245 -3.2%

Mean 2,408 3.8%

Stage 1 Recirculating Biofilters 
(Hydrosplitter 2)

Date
(1/17/2011) dose 

@ 10:30 am

RC1 : UNSAT-SA2 2,000 -13.8%

RC2 : UNSAT-EC4 2,080 -10.3%

RC3 : UNSAT-CL2 2,290 -1.3%

RC4 : UNSAT-CL4 2,260 -2.5%

Mean 2,158 -7.0%

Stage 1 Recirculating Biofilters   
(Recycle)

Flowmeter  
1/17/2011  

RC1 : UNSAT-SA2 6,781 -2.5% 3.39 11.5%

RC2 : UNSAT-EC4 6,939 -0.3% 3.34 10.1%

RC3 : UNSAT-CL2 6,781 -2.5% 2.96 -1.3%

RC4 : UNSAT-CL4 6,624 -4.8% 2.93 -2.4%

Mean 6,781 -2.5% 3.15 4.5%

RC5 : UNSAT-PS1 333,936 24 13,914 14,036 0.9% 6:1 5.31 -13.1%

Stage 1 Recirculating Biofilters  
(Hydrosplitter + Recycle)

RC1 : UNSAT-SA2 8,781

RC2 : UNSAT-EC4 9,019

RC3 : UNSAT-CL2 9,071

RC4 : UNSAT-CL4 8,884

Mean 8,939

RC5 : UNSAT-PS1 389,592 24 16,233 16,681

Horizontal Denitrification Biofilters

Date
1/17/2011 dose @ 

10:40 am 

DENIT-SU1 311 0.7%

DENIT-SU2 311 0.7%

DENIT-GL1 298 -3.5%

DENIT-LS1 300 -2.8%

Mean 305 -1.2%

 In-Situ Simulators

Date
1/17/2011 manual 

dose

UNSAT-IS1 (STE) 2,590 4.9%

UNSAT-IS2 (Nitrified STE) 2,830 14.6%

UNSAT-IS3 (STE) 96 -3.0%

UNSAT-IS4 (Nitrified STE) 101 2.0%

  Notes:  Yellow-shaded cells are measured values; grey-shaded cells are calculated values

3:1

Recycle Ratio

99

3
7,409 24 308.7

4
14,814 6 2,469

594 6

2

55,656 24 2,319

166,968 24 6,957

222,624 24 9,276

1

55,656 24 2,319

55,656 24 2,319

Group        
(Figure 1)

Biofilter/Flow

Target Input Measured Input
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Appendix D: Laboratory Report 

 



Work Order: 1100234

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 26, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-01

01/13/11 13:15

Thomas Drunasky

01/13/11 13:20

PNRS II STE-TI  

Field Parameters

DEP FT1100 TDDpH SU 0.1 01/13/11 13:150.17.1

DEP FT1400 TDDWater Temperature °C 0.1 01/13/11 13:150.113.7

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 01/13/11 13:150.11,220

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 01/13/11 13:150.12.7

Inorganics

SM 4550SF KTCHydrogen Sulfide (Unionized) mg/L 0.04 01/18/11 11:000.016.9

EPA 350.1 SMBAmmonia as N mg/L 0.010 01/14/11 09:390.00557

SM 5210B KTCCarbonaceous BOD mg/L 01/14/11 13:512 01/19/11 11:27278

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 01/17/11 09:0010230

EPA 300.0 MEJNitrate (as N) mg/L 0.04 01/14/11 12:190.010.02 I

EPA 300.0 MEJNitrite (as N) mg/L 0.04 01/14/11 12:190.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 01/14/11 12:190.2013

SM 4500SF KTCSulfide mg/L 0.40 01/18/11 11:000.1016

SM 2320B KTCTotal Alkalinity mg/L 01/14/11 11:038.0 01/14/11 11:062.0380

SM 2540C MJVTotal Dissolved Solids mg/L 01/14/11 14:0010 01/17/11 16:3010470

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 01/18/11 07:300.20 01/21/11 10:180.0566

SM 2540D KTCTotal Suspended Solids mg/L 01/14/11 16:351 01/15/11 10:43183

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 01/13/11 16:161 01/14/11 16:0018,900

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-02

01/13/11 11:45

Thomas Drunasky

01/13/11 13:20

RC1  

Field Parameters

DEP FT1100 TDDpH SU 0.1 01/13/11 11:450.17.2

DEP FT1400 TDDWater Temperature °C 0.1 01/13/11 11:450.17.2

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 01/13/11 11:450.1950

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 01/13/11 11:450.11.6

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 01/14/11 09:390.00511

SM 5210B KTCCarbonaceous BOD mg/L 01/13/11 15:002 01/18/11 13:48211

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 01/17/11 09:001037

EPA 300.0 MEJNitrate (as N) mg/L 0.04 01/13/11 18:080.0114

EPA 300.0 MEJNitrite (as N) mg/L 0.04 01/13/11 18:080.010.53

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1100234

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 26, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-02

01/13/11 11:45

Thomas Drunasky

01/13/11 13:20

RC1  

SM 2320B KTCTotal Alkalinity mg/L 01/14/11 11:038.0 01/14/11 11:062.0190

SM 2540C MJVTotal Dissolved Solids mg/L 01/14/11 14:0010 01/17/11 16:3010520

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 01/14/11 08:310.20 01/17/11 14:480.0512

SM 2540D KTCTotal Suspended Solids mg/L 01/14/11 16:351 01/15/11 10:4317

Microbiology

SM 9222D JAAFecal Coliforms CFU/100 ml 01/13/11 14:001 01/14/11 15:3018,200

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-03

01/13/11 11:40

Thomas Drunasky

01/13/11 13:20

RC2  

Field Parameters

DEP FT1100 TDDpH SU 0.1 01/13/11 11:400.17.1

DEP FT1400 TDDWater Temperature °C 0.1 01/13/11 11:400.17.4

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 01/13/11 11:400.11,000

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 01/13/11 11:400.12.5

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 01/14/11 09:390.00513

SM 5210B KTCCarbonaceous BOD mg/L 01/13/11 15:002 01/18/11 13:4829

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 01/17/11 09:001041

EPA 300.0 MEJNitrate (as N) mg/L 0.04 01/13/11 18:080.0116

EPA 300.0 MEJNitrite (as N) mg/L 0.04 01/13/11 18:080.010.22

SM 2320B KTCTotal Alkalinity mg/L 01/14/11 11:038.0 01/14/11 11:062.0200

SM 2540C MJVTotal Dissolved Solids mg/L 01/14/11 14:0010 01/17/11 16:3010570

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 01/14/11 08:310.20 01/17/11 14:480.0513

SM 2540D KTCTotal Suspended Solids mg/L 01/14/11 16:351 01/15/11 10:4314

Microbiology

SM 9222D JAAFecal Coliforms CFU/100 ml 01/13/11 14:001 01/14/11 15:3019,100

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-04

01/13/11 11:40

Thomas Drunasky

01/13/11 13:20

RC3  

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1100234

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 26, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-04

01/13/11 11:40

Thomas Drunasky

01/13/11 13:20

RC3  

Field Parameters

DEP FT1100 TDDpH SU 0.1 01/13/11 11:400.16.9

DEP FT1400 TDDWater Temperature °C 0.1 01/13/11 11:400.17.4

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 01/13/11 11:400.1990

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 01/13/11 11:400.12.0

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 01/14/11 09:390.00511

SM 5210B KTCCarbonaceous BOD mg/L 01/13/11 15:002 01/18/11 13:48212

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 01/17/11 09:001046

EPA 300.0 MEJNitrate (as N) mg/L 0.04 01/13/11 17:240.0114

EPA 300.0 MEJNitrite (as N) mg/L 0.04 01/13/11 17:240.012.4

SM 2320B KTCTotal Alkalinity mg/L 01/14/11 11:038.0 01/14/11 11:062.0220

SM 2540C MJVTotal Dissolved Solids mg/L 01/14/11 14:0010 01/17/11 16:3010560

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 01/14/11 08:310.20 01/17/11 14:480.0512

SM 2540D KTCTotal Suspended Solids mg/L 01/14/11 16:351 01/15/11 10:43113

Microbiology

SM 9222D JAAFecal Coliforms CFU/100 ml 01/13/11 14:001 01/14/11 15:30113,000

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-05

01/13/11 12:30

Thomas Drunasky

01/13/11 13:20

RC4  

Field Parameters

DEP FT1100 TDDpH SU 0.1 01/13/11 12:300.17.3

DEP FT1400 TDDWater Temperature °C 0.1 01/13/11 12:300.18.3

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 01/13/11 12:300.11,050

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 01/13/11 12:300.10.4

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 01/14/11 09:390.00516

SM 5210B KTCCarbonaceous BOD mg/L 01/14/11 13:512 01/19/11 11:2729

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 01/17/11 09:001057

EPA 300.0 MEJNitrate (as N) mg/L 0.04 01/14/11 12:190.0110

EPA 300.0 MEJNitrite (as N) mg/L 0.04 01/14/11 12:190.013.5

SM 2320B KTCTotal Alkalinity mg/L 01/14/11 11:038.0 01/14/11 11:062.0280

SM 2540C MJVTotal Dissolved Solids mg/L 01/14/11 14:0010 01/17/11 16:3010600

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 01/18/11 07:300.20 01/21/11 10:180.0518

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-05

01/13/11 12:30

Thomas Drunasky

01/13/11 13:20

RC4  

SM 2540D KTCTotal Suspended Solids mg/L 01/14/11 16:351 01/15/11 10:43112

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 01/13/11 16:161 01/14/11 16:0018,700

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-06

01/13/11 11:10

Thomas Drunasky

01/13/11 13:20

RC5  

Field Parameters

DEP FT1100 TDDpH SU 0.1 01/13/11 11:100.17.1

DEP FT1400 TDDWater Temperature °C 0.1 01/13/11 11:100.17.9

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 01/13/11 11:100.1930

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 01/13/11 11:100.11.5

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 01/14/11 09:390.00523

SM 5210B KTCCarbonaceous BOD mg/L 01/13/11 15:002 01/18/11 13:48216

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 01/17/11 09:001057

EPA 300.0 MEJNitrate (as N) mg/L 0.04 01/13/11 17:240.016.3

EPA 300.0 MEJNitrite (as N) mg/L 0.04 01/13/11 17:240.011.6

SM 2320B KTCTotal Alkalinity mg/L 01/14/11 11:038.0 01/14/11 11:062.0220

SM 2540C MJVTotal Dissolved Solids mg/L 01/14/11 14:0010 01/17/11 16:3010500

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 01/14/11 08:310.20 01/17/11 14:480.0529

SM 2540D KTCTotal Suspended Solids mg/L 01/14/11 16:351 01/15/11 10:43117

Microbiology

SM 9222D JAAFecal Coliforms CFU/100 ml 01/13/11 14:001 01/14/11 15:30112,700

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-07

01/13/11 09:20

Thomas Drunasky

01/13/11 13:20

P15-T  

Field Parameters

DEP FT1100 TDDpH SU 0.1 01/13/11 09:200.17.0

DEP FT1400 TDDWater Temperature °C 0.1 01/13/11 09:200.15.0

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1100234

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 26, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-07

01/13/11 09:20

Thomas Drunasky

01/13/11 13:20

P15-T  

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 01/13/11 09:200.1900

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 01/13/11 09:200.16.4

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 01/14/11 09:390.00517

SM 5210B KTCCarbonaceous BOD mg/L 01/13/11 15:002 01/18/11 13:48210

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 01/17/11 09:001041

EPA 300.0 MEJNitrate (as N) mg/L 0.04 01/13/11 17:240.0111

EPA 300.0 MEJNitrite (as N) mg/L 0.04 01/13/11 17:240.011.2

SM 2320B KTCTotal Alkalinity mg/L 01/14/11 11:038.0 01/14/11 11:062.0200

SM 2540C MJVTotal Dissolved Solids mg/L 01/14/11 14:0010 01/17/11 16:3010510

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 01/14/11 08:310.20 01/17/11 14:480.0521

SM 2540D KTCTotal Suspended Solids mg/L 01/14/11 16:351 01/15/11 10:4314

Microbiology

SM 9222D JAAFecal Coliforms CFU/100 ml 01/13/11 14:001 01/14/11 15:3013,900

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-08

01/13/11 10:00

Thomas Drunasky

01/13/11 13:20

UNSAT-IS1  

Field Parameters

DEP FT1100 TDDpH SU 0.1 01/13/11 10:000.16.7

DEP FT1400 TDDWater Temperature °C 0.1 01/13/11 10:000.11.2

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 01/13/11 10:000.11,200

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 01/13/11 10:000.10.4

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 01/14/11 09:390.00558

SM 5210B KTCCarbonaceous BOD mg/L 01/13/11 15:002 01/18/11 13:48265

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 01/17/11 09:0010120

EPA 300.0 MEJNitrate (as N) mg/L 0.04 01/13/11 17:240.010.08

EPA 300.0 MEJNitrite (as N) mg/L 0.04 01/13/11 17:240.010.29

EPA 300.0 MEJSulfate mg/L 0.60 01/13/11 17:240.207.0

SM 2320B KTCTotal Alkalinity mg/L 01/14/11 11:038.0 01/14/11 11:062.0430

SM 2540C MJVTotal Dissolved Solids mg/L 01/14/11 14:0010 01/17/11 16:3010480

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 01/14/11 08:310.20 01/17/11 14:480.0564

SM 2540D KTCTotal Suspended Solids mg/L 01/14/11 16:351 01/15/11 10:4317

Microbiology

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1100234

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 26, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-08

01/13/11 10:00

Thomas Drunasky

01/13/11 13:20

UNSAT-IS1  

SM 9222D JAAFecal Coliforms CFU/100 ml 01/13/11 14:001 01/14/11 15:30110

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-09

01/13/11 08:15

Thomas Drunasky

01/13/11 13:20

UNSAT-IS2  

Field Parameters

DEP FT1100 TDDpH SU 0.1 01/13/11 08:150.16.8

DEP FT1400 TDDWater Temperature °C 0.1 01/13/11 08:150.16.2

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 01/13/11 08:150.1680

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 01/13/11 08:150.13.9

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 01/14/11 09:390.0050.53

SM 5210B KTCCarbonaceous BOD mg/L 01/13/11 15:002 01/18/11 13:4826

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 01/17/11 09:001018 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 01/13/11 17:240.010.01 U

EPA 300.0 MEJNitrite (as N) mg/L 0.04 01/13/11 17:240.010.21

EPA 300.0 MEJSulfate mg/L 0.60 01/19/11 09:570.20250

SM 2320B KTCTotal Alkalinity mg/L 01/14/11 11:038.0 01/14/11 11:062.0200

SM 2540C MJVTotal Dissolved Solids mg/L 01/14/11 14:0010 01/17/11 16:3010710

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 01/14/11 08:310.20 01/17/11 14:480.051.1

SM 2540D KTCTotal Suspended Solids mg/L 01/14/11 16:351 01/15/11 10:4311 U

Microbiology

SM 9222D JAAFecal Coliforms CFU/100 ml 01/13/11 14:001 01/14/11 15:3011 U

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-10

01/13/11 14:10

Thomas Drunasky

01/13/11 15:40

UNSAT-IS3-SP  

Field Parameters

DEP FT1100 TDDpH SU 0.1 01/13/11 14:100.17.5

DEP FT1400 TDDWater Temperature °C 0.1 01/13/11 14:100.14.0

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 01/13/11 14:100.1980

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1100234

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 26, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-10

01/13/11 14:10

Thomas Drunasky

01/13/11 15:40

UNSAT-IS3-SP  

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 01/13/11 14:100.112

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 01/14/11 09:390.0050.036

SM 5210B KTCCarbonaceous BOD mg/L 01/14/11 13:512 01/19/11 11:2722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 01/17/11 09:001026

EPA 300.0 MEJNitrate (as N) mg/L 0.04 01/14/11 12:190.013.7

EPA 300.0 MEJNitrite (as N) mg/L 0.04 01/14/11 12:190.012.2

EPA 300.0 MEJSulfate mg/L 0.60 01/19/11 09:570.20130

SM 2320B KTCTotal Alkalinity mg/L 01/14/11 11:038.0 01/14/11 11:062.0210

SM 2540C MJVTotal Dissolved Solids mg/L 01/14/11 14:0010 01/17/11 16:3010600

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 01/18/11 07:300.20 01/21/11 10:180.051.8

SM 2540D KTCTotal Suspended Solids mg/L 01/14/11 16:351 01/15/11 10:4313

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-11

01/13/11 14:00

Thomas Drunasky

01/13/11 15:40

UNSAT-IS4-SP  

Field Parameters

DEP FT1100 TDDpH SU 0.1 01/13/11 14:000.16.6

DEP FT1400 TDDWater Temperature °C 0.1 01/13/11 14:000.15.1

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 01/13/11 14:000.11,050

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 01/13/11 14:000.112

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 01/14/11 09:390.0050.10

SM 5210B KTCCarbonaceous BOD mg/L 01/14/11 13:512 01/19/11 11:2722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 01/17/11 09:001022 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 01/14/11 15:440.0146

EPA 300.0 MEJNitrite (as N) mg/L 0.04 01/14/11 12:190.012.9

EPA 300.0 MEJSulfate mg/L 0.60 01/14/11 15:440.2092

SM 2320B KTCTotal Alkalinity mg/L 01/14/11 11:038.0 01/14/11 11:062.0100

SM 2540C MJVTotal Dissolved Solids mg/L 01/14/11 14:0010 01/17/11 16:3010710

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 01/18/11 07:300.20 01/21/11 10:180.053.5

SM 2540D KTCTotal Suspended Solids mg/L 01/14/11 16:351 01/15/11 10:4311 U

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 01/13/11 16:161 01/14/11 16:0011

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1100234

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 26, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-12

01/13/11 12:05

Thomas Drunasky

01/13/11 15:40

UNSAT-EC1  

Field Parameters

DEP FT1100 TDDpH SU 0.1 01/13/11 12:050.16.7

DEP FT1400 TDDWater Temperature °C 0.1 01/13/11 12:050.17.8

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 01/13/11 12:050.11,110

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 01/13/11 12:050.17.9

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 01/14/11 09:390.0051.7

SM 5210B KTCCarbonaceous BOD mg/L 01/14/11 13:512 01/19/11 11:2722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 01/17/11 09:001016 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 01/14/11 15:440.0145

EPA 300.0 MEJNitrite (as N) mg/L 0.04 01/14/11 12:190.010.11

EPA 300.0 MEJSulfate mg/L 0.60 01/14/11 12:190.2061

SM 2320B KTCTotal Alkalinity mg/L 01/14/11 11:038.0 01/14/11 11:062.0160

SM 2540C MJVTotal Dissolved Solids mg/L 01/14/11 14:0010 01/17/11 16:3010730

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 01/21/11 12:390.20 01/25/11 09:240.054.0

SM 2540D KTCTotal Suspended Solids mg/L 01/14/11 16:351 01/15/11 10:4311 U

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 01/13/11 16:161 01/14/11 16:0013,900

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-13

01/13/11 10:10

Thomas Drunasky

01/13/11 13:20

UNSAT-SA2  

Field Parameters

DEP FT1100 TDDpH SU 0.1 01/13/11 10:100.16.8

DEP FT1400 TDDWater Temperature °C 0.1 01/13/11 10:100.16.2

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 01/13/11 10:100.1900

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 01/13/11 10:100.19.6

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 01/14/11 09:390.0050.66

SM 5210B KTCCarbonaceous BOD mg/L 01/13/11 15:002 01/18/11 13:4823

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 01/17/11 09:001016 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 01/14/11 15:440.0125

EPA 300.0 MEJNitrite (as N) mg/L 0.04 01/13/11 17:240.010.71

SM 2320B KTCTotal Alkalinity mg/L 01/14/11 11:038.0 01/14/11 11:062.0150

SM 2540C MJVTotal Dissolved Solids mg/L 01/14/11 14:0010 01/17/11 16:3010550

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1100234

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 26, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-13

01/13/11 10:10

Thomas Drunasky

01/13/11 13:20

UNSAT-SA2  

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 01/14/11 08:310.20 01/17/11 14:480.053.0

SM 2540D KTCTotal Suspended Solids mg/L 01/14/11 16:351 01/15/11 10:4311

Microbiology

SM 9222D JAAFecal Coliforms CFU/100 ml 01/13/11 14:001 01/14/11 15:30141

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-14

01/13/11 12:05

Thomas Drunasky

01/13/11 13:20

UNSAT-EC3  

Field Parameters

DEP FT1100 TDDpH SU 0.1 01/13/11 12:050.16.8

DEP FT1400 TDDWater Temperature °C 0.1 01/13/11 12:050.16.3

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 01/13/11 12:050.11,150

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 01/13/11 12:050.17.9

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 01/14/11 09:390.0050.005 I

SM 5210B KTCCarbonaceous BOD mg/L 01/14/11 13:512 01/19/11 11:2722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 01/17/11 09:001011 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 01/14/11 15:440.0144

EPA 300.0 MEJNitrite (as N) mg/L 0.04 01/14/11 12:190.010.01 U

SM 2320B KTCTotal Alkalinity mg/L 01/14/11 11:038.0 01/14/11 11:062.0210

SM 2540C MJVTotal Dissolved Solids mg/L 01/14/11 14:0010 01/17/11 16:3010740

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 01/18/11 07:300.20 01/21/11 10:180.053.5

SM 2540D KTCTotal Suspended Solids mg/L 01/14/11 16:351 01/15/11 10:4311 U

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 01/13/11 16:161 01/14/11 16:0014

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-15

01/13/11 10:10

Thomas Drunasky

01/13/11 13:20

UNSAT-EC4  

Field Parameters

DEP FT1100 TDDpH SU 0.1 01/13/11 10:100.16.9

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1100234

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 26, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-15

01/13/11 10:10

Thomas Drunasky

01/13/11 13:20

UNSAT-EC4  

DEP FT1400 TDDWater Temperature °C 0.1 01/13/11 10:100.17.0

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 01/13/11 10:100.1960

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 01/13/11 10:100.110

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 01/14/11 09:390.0050.038

SM 5210B KTCCarbonaceous BOD mg/L 01/13/11 15:002 01/18/11 13:4822 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 01/17/11 09:001016 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 01/14/11 15:440.0130

EPA 300.0 MEJNitrite (as N) mg/L 0.04 01/13/11 17:240.010.50

SM 2320B KTCTotal Alkalinity mg/L 01/14/11 11:038.0 01/14/11 11:062.0150

SM 2540C MJVTotal Dissolved Solids mg/L 01/14/11 14:0010 01/17/11 16:3010600

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 01/14/11 08:310.20 01/17/11 14:480.052.4

SM 2540D KTCTotal Suspended Solids mg/L 01/14/11 16:351 01/15/11 10:4311 U

Microbiology

SM 9222D JAAFecal Coliforms CFU/100 ml 01/13/11 14:001 01/14/11 15:30121

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-16

01/13/11 11:45

Thomas Drunasky

01/13/11 13:20

UNSAT-CL1  

Field Parameters

DEP FT1100 TDDpH SU 0.1 01/13/11 11:450.17.2

DEP FT1400 TDDWater Temperature °C 0.1 01/13/11 11:450.18.2

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 01/13/11 11:450.11,200

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 01/13/11 11:450.18.8

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 01/14/11 09:390.0050.020

SM 5210B KTCCarbonaceous BOD mg/L 01/14/11 13:512 01/19/11 11:2722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 01/17/11 09:001016 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 01/14/11 15:440.0131

EPA 300.0 MEJNitrite (as N) mg/L 0.04 01/14/11 12:190.010.16

EPA 300.0 MEJSulfate mg/L 0.60 01/14/11 12:190.2059

SM 2320B KTCTotal Alkalinity mg/L 01/14/11 11:038.0 01/14/11 11:062.0180

SM 2540C MJVTotal Dissolved Solids mg/L 01/14/11 14:0010 01/17/11 16:3010710

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 01/21/11 12:390.20 01/25/11 09:240.052.7

SM 2540D KTCTotal Suspended Solids mg/L 01/14/11 16:351 01/15/11 10:4311 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1100234

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 26, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-16

01/13/11 11:45

Thomas Drunasky

01/13/11 13:20

UNSAT-CL1  

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 01/13/11 16:161 01/14/11 16:001100

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-17

01/13/11 09:50

Thomas Drunasky

01/13/11 13:20

UNSAT-CL2  

Field Parameters

DEP FT1100 TDDpH SU 0.1 01/13/11 09:500.17.0

DEP FT1400 TDDWater Temperature °C 0.1 01/13/11 09:500.16.0

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 01/13/11 09:500.1990

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 01/13/11 09:500.17.9

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 01/14/11 09:390.0050.019

SM 5210B KTCCarbonaceous BOD mg/L 01/13/11 15:002 01/18/11 13:4823

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 01/17/11 09:001016 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 01/14/11 15:440.0127

EPA 300.0 MEJNitrite (as N) mg/L 0.04 01/13/11 17:240.010.23

SM 2320B KTCTotal Alkalinity mg/L 01/14/11 11:038.0 01/14/11 11:062.0180

SM 2540C MJVTotal Dissolved Solids mg/L 01/14/11 14:0010 01/17/11 16:3010600

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 01/14/11 08:310.20 01/17/11 14:480.052.0

SM 2540D KTCTotal Suspended Solids mg/L 01/14/11 16:351 01/15/11 10:4311

Microbiology

SM 9222D JAAFecal Coliforms CFU/100 ml 01/13/11 14:001 01/14/11 15:301730

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-18

01/13/11 12:05

Thomas Drunasky

01/13/11 13:20

UNSAT-CL3  

Field Parameters

DEP FT1100 TDDpH SU 0.1 01/13/11 12:050.17.3

DEP FT1400 TDDWater Temperature °C 0.1 01/13/11 12:050.18.3

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 01/13/11 12:050.11,300

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1100234

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 26, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-18

01/13/11 12:05

Thomas Drunasky

01/13/11 13:20

UNSAT-CL3  

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 01/13/11 12:050.19.9

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 01/14/11 09:390.0050.016

SM 5210B KTCCarbonaceous BOD mg/L 01/14/11 13:512 01/19/11 11:2722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 01/18/11 09:001013 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 01/14/11 15:440.0141

EPA 300.0 MEJNitrite (as N) mg/L 0.04 01/14/11 12:190.010.07

SM 2320B KTCTotal Alkalinity mg/L 01/14/11 11:038.0 01/14/11 11:062.0300

SM 2540C MJVTotal Dissolved Solids mg/L 01/18/11 15:0010 01/19/11 15:4510810

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 01/18/11 07:300.20 01/21/11 10:180.052.7

SM 2540D KTCTotal Suspended Solids mg/L 01/14/11 16:351 01/15/11 10:4311

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 01/13/11 16:161 01/14/11 16:001110

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-19

01/13/11 11:15

Thomas Drunasky

01/13/11 13:20

UNSAT-CL4  

Field Parameters

DEP FT1100 TDDpH SU 0.1 01/13/11 11:150.17.3

DEP FT1400 TDDWater Temperature °C 0.1 01/13/11 11:150.17.9

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 01/13/11 11:150.1970

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 01/13/11 11:150.111

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 01/14/11 09:390.0050.011

SM 5210B KTCCarbonaceous BOD mg/L 01/13/11 15:002 01/18/11 13:4822 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 01/18/11 09:001013 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 01/14/11 15:440.0136

EPA 300.0 MEJNitrite (as N) mg/L 0.04 01/13/11 17:240.010.15

SM 2320B KTCTotal Alkalinity mg/L 01/14/11 11:038.0 01/14/11 11:062.0170

SM 2540C MJVTotal Dissolved Solids mg/L 01/18/11 15:0010 01/19/11 15:4510660

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 01/14/11 08:310.20 01/17/11 14:480.052.2

SM 2540D KTCTotal Suspended Solids mg/L 01/14/11 16:351 01/15/11 10:4311 U

Microbiology

SM 9222D JAAFecal Coliforms CFU/100 ml 01/13/11 14:001 01/14/11 15:3011 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1100234

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 26, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-20

01/13/11 10:15

Thomas Drunasky

01/13/11 13:20

UNSAT-PS1  

Field Parameters

DEP FT1100 TDDpH SU 0.1 01/13/11 10:150.17.3

DEP FT1400 TDDWater Temperature °C 0.1 01/13/11 10:150.15.8

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 01/13/11 10:150.1930

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 01/13/11 10:150.15.2

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 01/14/11 09:390.00516

SM 5210B KTCCarbonaceous BOD mg/L 01/13/11 15:002 01/18/11 13:48212

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 01/18/11 09:001052

EPA 300.0 MEJNitrate (as N) mg/L 0.04 01/13/11 17:240.0110

EPA 300.0 MEJNitrite (as N) mg/L 0.04 01/13/11 17:240.011.3

SM 2320B KTCTotal Alkalinity mg/L 01/14/11 11:038.0 01/14/11 11:062.0200

SM 2540C MJVTotal Dissolved Solids mg/L 01/18/11 15:0010 01/19/11 15:4510490

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 01/14/11 08:310.20 01/17/11 14:480.0517

SM 2540D KTCTotal Suspended Solids mg/L 01/14/11 16:351 01/15/11 10:4319

Microbiology

SM 9222D JAAFecal Coliforms CFU/100 ml 01/13/11 14:001 01/14/11 15:3019,500

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-21

01/13/11 08:00

Thomas Drunasky

01/13/11 13:20

DENIT-SU1  

Field Parameters

DEP FT1100 TDDpH SU 0.1 01/13/11 08:000.16.8

DEP FT1400 TDDWater Temperature °C 0.1 01/13/11 08:000.10.2

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 01/13/11 08:000.11,080

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 01/13/11 08:000.11.2

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 01/14/11 09:390.0050.46

SM 5210B KTCCarbonaceous BOD mg/L 01/13/11 15:002 01/18/11 13:4828

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 01/18/11 09:001022 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 01/13/11 17:240.010.11

EPA 300.0 MEJNitrite (as N) mg/L 0.04 01/13/11 17:240.010.24

EPA 300.0 MEJSulfate mg/L 0.60 01/19/11 18:440.20270

SM 2320B KTCTotal Alkalinity mg/L 01/14/11 11:038.0 01/14/11 11:062.0220

SM 2540C MJVTotal Dissolved Solids mg/L 01/18/11 15:0010 01/19/11 15:4510760

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1100234

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 26, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-21

01/13/11 08:00

Thomas Drunasky

01/13/11 13:20

DENIT-SU1  

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 01/14/11 08:310.20 01/17/11 14:480.052.6

SM 2540D MJVTotal Suspended Solids mg/L 01/15/11 10:001 01/17/11 15:2511 U

Microbiology

SM 9222D JAAFecal Coliforms CFU/100 ml 01/13/11 14:001 01/14/11 15:3015

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-22

01/13/11 08:00

Thomas Drunasky

01/13/11 13:20

DENIT-SU2  

Field Parameters

DEP FT1100 TDDpH SU 0.1 01/13/11 08:000.16.8

DEP FT1400 TDDWater Temperature °C 0.1 01/13/11 08:000.10.3

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 01/13/11 08:000.11,130

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 01/13/11 08:000.11.6

Inorganics

SM 4550SF KTCHydrogen Sulfide (Unionized) mg/L 0.04 01/18/11 11:000.012.6

EPA 350.1 SMBAmmonia as N mg/L 0.010 01/14/11 09:390.0050.30

SM 5210B KTCCarbonaceous BOD mg/L 01/13/11 15:002 01/18/11 13:4826

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 01/18/11 09:001024 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 01/13/11 17:240.010.01 U

EPA 300.0 MEJNitrite (as N) mg/L 0.04 01/13/11 17:240.010.05

EPA 300.0 MEJSulfate mg/L 0.60 01/19/11 18:440.20300

SM 4500SF KTCSulfide mg/L 0.40 01/18/11 11:000.104.3

SM 2320B KTCTotal Alkalinity mg/L 01/14/11 11:038.0 01/14/11 11:062.0200

SM 2540C MJVTotal Dissolved Solids mg/L 01/18/11 15:0010 01/19/11 15:4510740

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 01/14/11 08:310.20 01/17/11 14:480.051.1

SM 2540D MJVTotal Suspended Solids mg/L 01/15/11 10:001 01/17/11 15:2511 U

Microbiology

SM 9222D JAAFecal Coliforms CFU/100 ml 01/13/11 14:001 01/14/11 15:3013

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1100234

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 26, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-23

01/13/11 09:00

Thomas Drunasky

01/13/11 13:20

DENIT-SU3  

Field Parameters

DEP FT1100 TDDpH SU 0.1 01/13/11 09:000.16.9

DEP FT1400 TDDWater Temperature °C 0.1 01/13/11 09:000.16.9

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 01/13/11 09:000.11,420

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 01/13/11 09:000.12.8

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 01/14/11 09:390.0050.80

SM 5210B KTCCarbonaceous BOD mg/L 01/13/11 15:002 01/18/11 13:4829

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 01/18/11 09:001050

EPA 300.0 MEJNitrate (as N) mg/L 0.04 01/13/11 17:240.010.01 U

EPA 300.0 MEJNitrite (as N) mg/L 0.04 01/13/11 17:240.010.04

EPA 300.0 MEJSulfate mg/L 0.60 01/19/11 18:440.20380

SM 2320B KTCTotal Alkalinity mg/L 01/14/11 11:038.0 01/14/11 11:062.0280

SM 2540C MJVTotal Dissolved Solids mg/L 01/18/11 15:0010 01/19/11 15:45101,000

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 01/14/11 08:310.20 01/17/11 14:480.052.9

SM 2540D MJVTotal Suspended Solids mg/L 01/15/11 10:001 01/17/11 15:25111

Microbiology

SM 9222D JAAFecal Coliforms CFU/100 ml 01/13/11 14:001 01/14/11 15:3016

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-24

01/13/11 09:00

Thomas Drunasky

01/13/11 13:20

DENIT-SU4  

Field Parameters

DEP FT1100 TDDpH SU 0.1 01/13/11 09:000.16.8

DEP FT1400 TDDWater Temperature °C 0.1 01/13/11 09:000.17.0

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 01/13/11 09:000.11,350

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 01/13/11 09:000.14.2

Inorganics

SM 4550SF KTCHydrogen Sulfide (Unionized) mg/L 0.04 01/18/11 11:000.010.08

EPA 350.1 SMBAmmonia as N mg/L 0.010 01/14/11 09:390.0050.22

SM 5210B KTCCarbonaceous BOD mg/L 01/13/11 15:002 01/18/11 13:4822 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 01/18/11 09:001020 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 01/13/11 17:240.010.10

EPA 300.0 MEJNitrite (as N) mg/L 0.04 01/13/11 17:240.010.03 I

EPA 300.0 MEJSulfate mg/L 0.60 01/20/11 21:450.20420

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1100234

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 26, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-24

01/13/11 09:00

Thomas Drunasky

01/13/11 13:20

DENIT-SU4  

SM 4500SF KTCSulfide mg/L 0.40 01/18/11 11:000.100.14 I

SM 2320B KTCTotal Alkalinity mg/L 01/14/11 11:038.0 01/14/11 11:062.0240

SM 2540C MJVTotal Dissolved Solids mg/L 01/18/11 15:0010 01/19/11 15:45101,000

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 01/14/11 08:310.20 01/17/11 14:480.051.2

SM 2540D MJVTotal Suspended Solids mg/L 01/15/11 10:001 01/17/11 15:2512

Microbiology

SM 9222D JAAFecal Coliforms CFU/100 ml 01/13/11 14:001 01/14/11 15:3013

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-25

01/13/11 08:00

Thomas Drunasky

01/13/11 13:20

DENIT-LS1  

Field Parameters

DEP FT1100 TDDpH SU 0.1 01/13/11 08:000.17.0

DEP FT1400 TDDWater Temperature °C 0.1 01/13/11 08:000.10.3

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 01/13/11 08:000.1910

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 01/13/11 08:000.10.6

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 01/14/11 09:390.0050.007 I

SM 5210B KTCCarbonaceous BOD mg/L 01/13/11 15:002 01/18/11 13:4822 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 01/18/11 09:001016 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 01/14/11 15:440.0122

EPA 300.0 MEJNitrite (as N) mg/L 0.04 01/13/11 17:240.010.10

SM 2320B KTCTotal Alkalinity mg/L 01/14/11 11:038.0 01/14/11 11:062.0190

SM 2540C MJVTotal Dissolved Solids mg/L 01/18/11 15:0010 01/19/11 15:4510590

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 01/14/11 08:310.20 01/17/11 14:480.051.8

SM 2540D MJVTotal Suspended Solids mg/L 01/15/11 10:001 01/17/11 15:2511 U

Microbiology

SM 9222D JAAFecal Coliforms CFU/100 ml 01/13/11 14:001 01/14/11 15:3011 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1100234

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 26, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-26

01/13/11 09:00

Thomas Drunasky

01/13/11 13:20

DENIT-LS2  

Field Parameters

DEP FT1100 TDDpH SU 0.1 01/13/11 09:000.17.3

DEP FT1400 TDDWater Temperature °C 0.1 01/13/11 09:000.16.8

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 01/13/11 09:000.11,300

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 01/13/11 09:000.15.0

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 01/14/11 09:390.0050.085

SM 5210B KTCCarbonaceous BOD mg/L 01/13/11 15:002 01/18/11 13:4822 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 01/18/11 09:001016 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 01/14/11 15:440.0141

EPA 300.0 MEJNitrite (as N) mg/L 0.04 01/13/11 17:240.010.07

SM 2320B KTCTotal Alkalinity mg/L 01/14/11 11:038.0 01/14/11 11:062.0340

SM 2540C MJVTotal Dissolved Solids mg/L 01/18/11 15:0010 01/19/11 15:4510860

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 01/14/11 08:310.20 01/17/11 14:480.052.7

SM 2540D MJVTotal Suspended Solids mg/L 01/15/11 10:001 01/17/11 15:2511 U

Microbiology

SM 9222D JAAFecal Coliforms CFU/100 ml 01/13/11 14:001 01/14/11 15:3011 U

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-27

01/13/11 09:00

Thomas Drunasky

01/13/11 13:20

DENIT-LS3  

Field Parameters

DEP FT1100 TDDpH SU 0.1 01/13/11 09:000.16.7

DEP FT1400 TDDWater Temperature °C 0.1 01/13/11 09:000.16.6

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 01/13/11 09:000.11,150

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 01/13/11 09:000.15.4

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 01/14/11 09:390.0050.012

SM 5210B KTCCarbonaceous BOD mg/L 01/13/11 15:002 01/18/11 13:4822 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 01/18/11 09:001016 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 01/14/11 15:440.0143

EPA 300.0 MEJNitrite (as N) mg/L 0.04 01/13/11 17:240.010.05

SM 2320B KTCTotal Alkalinity mg/L 01/14/11 11:038.0 01/14/11 11:062.0240

SM 2540C MJVTotal Dissolved Solids mg/L 01/18/11 15:0010 01/19/11 15:4510790

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 01/14/11 08:310.20 01/17/11 14:480.052.3

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1100234

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 26, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-27

01/13/11 09:00

Thomas Drunasky

01/13/11 13:20

DENIT-LS3  

SM 2540D MJVTotal Suspended Solids mg/L 01/15/11 10:001 01/17/11 15:2511 U

Microbiology

SM 9222D JAAFecal Coliforms CFU/100 ml 01/13/11 14:001 01/14/11 15:3011

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-28

01/13/11 09:00

Thomas Drunasky

01/13/11 13:20

DENIT-LS4  

Field Parameters

DEP FT1100 TDDpH SU 0.1 01/13/11 09:000.17.3

DEP FT1400 TDDWater Temperature °C 0.1 01/13/11 09:000.17.4

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 01/13/11 09:000.1810

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 01/13/11 09:000.15.2

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 01/14/11 09:390.0059.5

SM 5210B KTCCarbonaceous BOD mg/L 01/13/11 15:002 01/18/11 13:4824

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 01/18/11 09:001022 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 01/13/11 17:240.013.1

EPA 300.0 MEJNitrite (as N) mg/L 0.04 01/13/11 17:240.010.29

SM 2320B KTCTotal Alkalinity mg/L 01/14/11 11:038.0 01/14/11 11:062.0230

SM 2540C MJVTotal Dissolved Solids mg/L 01/18/11 15:0010 01/19/11 15:4510460

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 01/14/11 08:310.20 01/17/11 14:480.0512

SM 2540D MJVTotal Suspended Solids mg/L 01/15/11 10:001 01/17/11 15:251118

Microbiology

SM 9222D JAAFecal Coliforms CFU/100 ml 01/13/11 14:001 01/14/11 15:3011

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-29

01/13/11 08:00

Thomas Drunasky

01/13/11 13:20

DENIT-GL1  

Field Parameters

DEP FT1100 TDDpH SU 0.1 01/13/11 08:000.16.6

DEP FT1400 TDDWater Temperature °C 0.1 01/13/11 08:000.10.3

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1100234
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January 26, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-29

01/13/11 08:00

Thomas Drunasky

01/13/11 13:20

DENIT-GL1  

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 01/13/11 08:000.11,000

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 01/13/11 08:000.10.9

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 01/14/11 09:390.0055.8

SM 5210B KTCCarbonaceous BOD mg/L 01/13/11 15:002 01/18/11 13:48217

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 01/18/11 09:001048

EPA 300.0 MEJNitrate (as N) mg/L 0.04 01/13/11 17:240.010.11

EPA 300.0 MEJNitrite (as N) mg/L 0.04 01/13/11 17:240.010.04

SM 2320B KTCTotal Alkalinity mg/L 01/14/11 11:038.0 01/14/11 11:062.0400

SM 2540C MJVTotal Dissolved Solids mg/L 01/18/11 15:0010 01/19/11 15:4510540

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 01/14/11 08:310.20 01/17/11 14:480.056.3

SM 2540D MJVTotal Suspended Solids mg/L 01/15/11 10:001 01/17/11 15:2513

Microbiology

SM 9222D JAAFecal Coliforms CFU/100 ml 01/13/11 14:001 01/14/11 15:3011 U

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-30

01/13/11 10:35

Thomas Drunasky

01/13/11 13:20

DFT  

Field Parameters

DEP FT1100 TDDpH SU 0.1 01/13/11 10:350.17.0

DEP FT1400 TDDWater Temperature °C 0.1 01/13/11 10:350.16.4

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 01/13/11 10:350.1950

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 01/13/11 10:350.19.8

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 01/14/11 09:390.0050.054

SM 5210B KTCCarbonaceous BOD mg/L 01/13/11 15:002 01/18/11 13:4822 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 01/18/11 09:001046

EPA 300.0 MEJNitrate (as N) mg/L 0.04 01/14/11 15:440.0129

EPA 300.0 MEJNitrite (as N) mg/L 0.04 01/13/11 17:240.010.06

EPA 300.0 MEJSulfate mg/L 0.60 01/13/11 17:240.2067

SM 2320B KTCTotal Alkalinity mg/L 01/20/11 09:288.0 01/20/11 09:302.0160

SM 2540C MJVTotal Dissolved Solids mg/L 01/18/11 15:0010 01/19/11 15:4510590

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 01/14/11 08:310.20 01/17/11 14:480.052.4

SM 2540D MJVTotal Suspended Solids mg/L 01/15/11 10:001 01/17/11 15:2511 U

Microbiology

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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January 26, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-30

01/13/11 10:35

Thomas Drunasky

01/13/11 13:20

DFT  

SM 9222D JAAFecal Coliforms CFU/100 ml 01/13/11 14:001 01/14/11 15:30122

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-31

01/13/11 10:15

Thomas Drunasky

01/13/11 15:40

T1-D  

Field Parameters

DEP FT1100 TDDpH SU 0.1 01/13/11 10:150.17.1

DEP FT1400 TDDWater Temperature °C 0.1 01/13/11 10:150.113.7

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 01/13/11 10:150.11,220

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 01/13/11 10:150.12.7

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 01/14/11 09:390.00558

SM 5210B KTCCarbonaceous BOD mg/L 01/14/11 13:512 01/19/11 11:27285

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 01/18/11 09:0010280

EPA 300.0 MEJNitrate (as N) mg/L 0.04 01/14/11 12:190.010.05

EPA 300.0 MEJNitrite (as N) mg/L 0.04 01/14/11 12:190.010.01 U

SM 2320B KTCTotal Alkalinity mg/L 01/20/11 09:288.0 01/20/11 09:302.0340

SM 2540C MJVTotal Dissolved Solids mg/L 01/18/11 15:0010 01/19/11 15:4510470

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 01/18/11 07:300.20 01/21/11 10:180.0562

SM 2540D MJVTotal Suspended Solids mg/L 01/15/11 10:001 01/17/11 15:25164

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 01/13/11 16:161 01/14/11 16:00111,100

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-32

01/13/11 12:05

Thomas Drunasky

01/13/11 15:40

CL3-D  

Field Parameters

DEP FT1100 TDDpH SU 0.1 01/13/11 12:050.17.3

DEP FT1400 TDDWater Temperature °C 0.1 01/13/11 12:050.18.3

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 01/13/11 12:050.11,300

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 01/13/11 12:050.19.9

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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January 26, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-32

01/13/11 12:05

Thomas Drunasky

01/13/11 15:40

CL3-D  

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 01/14/11 09:390.0050.018

SM 5210B KTCCarbonaceous BOD mg/L 01/14/11 13:512 01/19/11 11:2722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 01/18/11 09:001016 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 01/14/11 15:440.0140

EPA 300.0 MEJNitrite (as N) mg/L 0.04 01/14/11 12:190.010.06

SM 2320B KTCTotal Alkalinity mg/L 01/20/11 09:288.0 01/20/11 09:302.0280

SM 2540C MJVTotal Dissolved Solids mg/L 01/18/11 15:0010 01/19/11 15:4510840

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 01/18/11 07:300.20 01/21/11 10:180.052.8

SM 2540D MJVTotal Suspended Solids mg/L 01/15/11 10:001 01/17/11 15:2512

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 01/13/11 16:161 01/14/11 16:00125

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-33

01/13/11 12:05

Thomas Drunasky

01/13/11 15:40

EC1-D  

Field Parameters

DEP FT1100 TDDpH SU 0.1 01/13/11 12:050.16.7

DEP FT1400 TDDWater Temperature °C 0.1 01/13/11 12:050.17.8

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 01/13/11 12:050.11,110

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 01/13/11 12:050.17.9

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 01/14/11 09:390.0051.6

SM 5210B KTCCarbonaceous BOD mg/L 01/14/11 13:512 01/19/11 11:2722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 01/18/11 09:001024 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 01/14/11 15:440.0144

EPA 300.0 MEJNitrite (as N) mg/L 0.04 01/14/11 12:190.010.11

SM 2320B KTCTotal Alkalinity mg/L 01/20/11 09:288.0 01/20/11 09:302.0180

SM 2540C MJVTotal Dissolved Solids mg/L 01/18/11 15:0010 01/19/11 15:4510720

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 01/21/11 12:390.20 01/25/11 09:240.054.1

SM 2540D MJVTotal Suspended Solids mg/L 01/15/11 10:001 01/17/11 15:2511 U

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 01/13/11 16:161 01/14/11 16:0013,000

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager

Page 21 of 45



Work Order: 1100234

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 26, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-34

01/13/11 11:45

Thomas Drunasky

01/13/11 13:20

CL1-D  

Field Parameters

DEP FT1100 TDDpH SU 0.1 01/13/11 11:450.17.2

DEP FT1400 TDDWater Temperature °C 0.1 01/13/11 11:450.18.2

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 01/13/11 11:450.11,200

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 01/13/11 11:450.18.8

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 01/14/11 09:390.0050.020

SM 5210B KTCCarbonaceous BOD mg/L 01/14/11 13:512 01/19/11 11:2722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 01/18/11 09:001020 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 01/14/11 21:060.0121

EPA 300.0 MEJNitrite (as N) mg/L 0.04 01/14/11 21:060.010.18

SM 2320B KTCTotal Alkalinity mg/L 01/20/11 09:288.0 01/20/11 09:302.0280

SM 2540C MJVTotal Dissolved Solids mg/L 01/18/11 15:0010 01/19/11 15:4510700

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 01/21/11 12:390.20 01/25/11 09:240.052.9

SM 2540D MJVTotal Suspended Solids mg/L 01/15/11 10:001 01/17/11 15:2513

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 01/13/11 16:161 01/14/11 16:00140

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-35

01/13/11 08:45

Thomas Drunasky

01/13/11 13:20

FB  

Field Parameters

DEP FT1100 TDDpH SU 0.1 01/13/11 08:450.17.0

DEP FT1400 TDDWater Temperature °C 0.1 01/13/11 08:450.15.0

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 01/13/11 08:450.140

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 01/13/11 08:450.19.8

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 01/14/11 09:390.0050.005 U

SM 5210B KTCCarbonaceous BOD mg/L 01/13/11 15:002 01/18/11 13:4822 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 01/19/11 09:451010 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 01/14/11 21:060.010.01 U

EPA 300.0 MEJNitrite (as N) mg/L 0.04 01/14/11 21:060.010.01 U

SM 2320B KTCTotal Alkalinity mg/L 01/20/11 09:288.0 01/20/11 09:302.02.0 U

SM 2540C MJVTotal Dissolved Solids mg/L 01/18/11 15:0010 01/19/11 15:451010 U

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 01/18/11 07:300.20 01/21/11 10:180.050.05 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1100234
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Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-35

01/13/11 08:45

Thomas Drunasky

01/13/11 13:20

FB  

SM 2540D MJVTotal Suspended Solids mg/L 01/15/11 10:001 01/17/11 15:2511 U

Microbiology

SM 9222D JAAFecal Coliforms CFU/100 ml 01/13/11 14:001 01/14/11 15:3011 U

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100234-36

01/13/11 11:30

Thomas Drunasky

01/13/11 13:20

EB  

Field Parameters

DEP FT1100 TDDpH SU 0.1 01/13/11 11:300.17.0

DEP FT1400 TDDWater Temperature °C 0.1 01/13/11 11:300.15.3

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 01/13/11 11:300.140

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 01/13/11 11:300.19.8

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 01/14/11 09:390.0050.008 I

SM 5210B KTCCarbonaceous BOD mg/L 01/13/11 15:002 01/18/11 13:4822 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 01/19/11 09:451010 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 01/14/11 21:060.010.01 U

EPA 300.0 MEJNitrite (as N) mg/L 0.04 01/14/11 21:060.010.01 U

SM 2320B KTCTotal Alkalinity mg/L 01/20/11 09:288.0 01/20/11 09:302.02.0 U

SM 2540C MJVTotal Dissolved Solids mg/L 01/18/11 15:0010 01/19/11 15:451010 U

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 01/18/11 07:300.20 01/21/11 10:180.050.05 U

SM 2540D MJVTotal Suspended Solids mg/L 01/15/11 10:001 01/17/11 15:2511 U

Microbiology

SM 9222D JAAFecal Coliforms CFU/100 ml 01/13/11 14:001 01/14/11 15:3011 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BA11306 - Ion Chromatography 300.0 Prep

Blank (BA11306-BLK1) Prepared & Analyzed: 01/13/11 

Nitrite (as N) mg/L0.04 0.010.01 U

Nitrate (as N) mg/L0.04 0.010.01 U

LCS (BA11306-BS1) Prepared & Analyzed: 01/13/11 

Nitrite (as N) mg/L0.04 1.4 85-115970.011.36

Nitrate (as N) mg/L0.04 1.7 85-115960.011.63

LCS Dup (BA11306-BSD1) Prepared & Analyzed: 01/13/11 

Nitrite (as N) mg/L0.04 1.4 20085-11595 20.011.33

Nitrate (as N) mg/L0.04 1.7 20085-11596 00.011.63

Matrix Spike (BA11306-MS1) Prepared & Analyzed: 01/13/11 Source: 1100219-10

Nitrite (as N) mg/L0.04 1.4 ND 85-115980.011.37

Nitrate (as N) mg/L0.04 1.7 ND 85-115950.011.61

Matrix Spike (BA11306-MS2) Prepared & Analyzed: 01/13/11 Source: 1100376-03

Nitrite (as N) mg/L0.04 1.4 ND 85-1151030.011.44

Nitrate (as N) mg/L0.04 1.7 0.0156 85-115930.011.59

Batch BA11322 - BOD

Blank (BA11322-BLK1) Prepared: 01/13/11  Analyzed: 01/18/11 

Carbonaceous BOD mg/L2 22 U

Blank (BA11322-BLK2) Prepared: 01/13/11  Analyzed: 01/18/11 

Carbonaceous BOD mg/L2 22 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BA11322 - BOD

LCS (BA11322-BS1) Prepared: 01/13/11  Analyzed: 01/18/11 

Carbonaceous BOD mg/L2 200 85-115962191

LCS (BA11322-BS2) Prepared: 01/13/11  Analyzed: 01/18/11 

Carbonaceous BOD mg/L2 200 85-115962191

LCS Dup (BA11322-BSD1) Prepared: 01/13/11  Analyzed: 01/18/11 

Carbonaceous BOD mg/L2 200 1085-11588 82176

LCS Dup (BA11322-BSD2) Prepared: 01/13/11  Analyzed: 01/18/11 

Carbonaceous BOD mg/L2 200 1085-11588 82176

Duplicate (BA11322-DUP1) Prepared: 01/13/11  Analyzed: 01/18/11 Source: 1100362-03

Carbonaceous BOD mg/L2 240 2522240

Duplicate (BA11322-DUP2) Prepared: 01/13/11  Analyzed: 01/18/11 Source: 1100407-01

Carbonaceous BOD mg/L2 470 2592520

Batch BA11334 - Ammonia by SEAL

Blank (BA11334-BLK1) Prepared & Analyzed: 01/14/11 

Ammonia as N mg/L0.010 0.0050.005 U

Blank (BA11334-BLK2) Prepared & Analyzed: 01/14/11 

Ammonia as N mg/L0.010 0.0050.005 I

Blank (BA11334-BLK3) Prepared & Analyzed: 01/14/11 

Ammonia as N mg/L0.010 0.0050.005 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BA11334 - Ammonia by SEAL

LCS (BA11334-BS1) Prepared & Analyzed: 01/14/11 

Ammonia as N mg/L0.010 0.50 90-1101010.0050.51

LCS (BA11334-BS2) Prepared & Analyzed: 01/14/11 

Ammonia as N mg/L0.010 0.50 90-1101070.0050.54

LCS (BA11334-BS3) Prepared & Analyzed: 01/14/11 

Ammonia as N mg/L0.010 0.50 90-1101070.0050.53

Matrix Spike (BA11334-MS1) Prepared & Analyzed: 01/14/11 Source: 1100340-01

Ammonia as N mg/L0.010 0.50 0.072 90-110970.0050.56

Matrix Spike (BA11334-MS2) Prepared & Analyzed: 01/14/11 Source: 1100234-35

Ammonia as N mg/L0.010 0.50 ND 90-1101040.0050.52

Matrix Spike (BA11334-MS3) Prepared & Analyzed: 01/14/11 Source: 1100234-36

Ammonia as N mg/L0.010 0.50 0.008 90-1101010.0050.52

Matrix Spike Dup (BA11334-MSD1) Prepared & Analyzed: 01/14/11 Source: 1100340-01

Ammonia as N mg/L0.010 0.50 0.072 1090-110100 30.0050.57

Matrix Spike Dup (BA11334-MSD2) Prepared & Analyzed: 01/14/11 Source: 1100234-35

Ammonia as N mg/L0.010 0.50 ND 1090-110104 0.50.0050.52

Matrix Spike Dup (BA11334-MSD3) Prepared & Analyzed: 01/14/11 Source: 1100234-36

Ammonia as N mg/L0.010 0.50 0.008 1090-110104 20.0050.53

Batch BA11336 - Ion Chromatography 300.0 Prep

Blank (BA11336-BLK1) Prepared & Analyzed: 01/13/11 

Nitrate (as N) mg/L0.04 0.010.01 U

Nitrite (as N) mg/L0.04 0.010.01 U

Sulfate mg/L0.60 0.200.20 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BA11336 - Ion Chromatography 300.0 Prep

LCS (BA11336-BS1) Prepared & Analyzed: 01/13/11 

Sulfate mg/L0.60 9.0 85-1151090.209.83

Nitrite (as N) mg/L0.04 1.4 85-1151060.011.49

Nitrate (as N) mg/L0.04 1.7 85-1151050.011.78

LCS Dup (BA11336-BSD1) Prepared & Analyzed: 01/13/11 

Nitrite (as N) mg/L0.04 1.4 20085-115110 30.011.54

Nitrate (as N) mg/L0.04 1.7 20085-115108 30.011.83

Sulfate mg/L0.60 9.0 20085-115110 0.30.209.86

Matrix Spike (BA11336-MS1) Prepared & Analyzed: 01/13/11 Source: 1100234-20

Nitrate (as N) mg/L0.04 1.7 10.4 85-1151060.0112.2

Nitrite (as N) mg/L0.04 1.4 1.31 85-1151060.012.80

Sulfate mg/L0.60 9.0 63.7 85-115910.2071.9

Matrix Spike (BA11336-MS2) Prepared & Analyzed: 01/13/11 Source: 1100234-30

Nitrate (as N) mg/L0.04 1.7 29.0 85-115NR0.0123.1 +O

Nitrite (as N) mg/L0.04 1.4 0.0625 85-115880.011.29

Sulfate mg/L0.60 9.0 67.3 85-115210.2069.2 +O

Batch BA11403 - Digestion for TKN by EPA 351.2

Blank (BA11403-BLK1) Prepared: 01/14/11  Analyzed: 01/17/11 

Total Kjeldahl Nitrogen mg/L0.20 0.050.05 U

Blank (BA11403-BLK2) Prepared: 01/14/11  Analyzed: 01/17/11 

Total Kjeldahl Nitrogen mg/L0.20 0.050.05 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1100234

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 26, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BA11403 - Digestion for TKN by EPA 351.2

LCS (BA11403-BS1) Prepared: 01/14/11  Analyzed: 01/17/11 

Total Kjeldahl Nitrogen mg/L0.20 2.5 90-110900.052.25

LCS (BA11403-BS2) Prepared: 01/14/11  Analyzed: 01/17/11 

Total Kjeldahl Nitrogen mg/L0.20 2.5 90-110960.052.41

Matrix Spike (BA11403-MS1) Prepared: 01/14/11  Analyzed: 01/17/11 Source: 1100340-05

Total Kjeldahl Nitrogen mg/L0.20 2.5 0.770 80-120930.053.09

Matrix Spike (BA11403-MS2) Prepared: 01/14/11  Analyzed: 01/17/11 Source: 1100234-27

Total Kjeldahl Nitrogen mg/L0.20 2.5 2.31 80-1201060.054.95

Matrix Spike Dup (BA11403-MSD1) Prepared: 01/14/11  Analyzed: 01/17/11 Source: 1100340-05

Total Kjeldahl Nitrogen mg/L0.20 2.5 0.770 2080-12092 0.80.053.06

Matrix Spike Dup (BA11403-MSD2) Prepared: 01/14/11  Analyzed: 01/17/11 Source: 1100234-27

Total Kjeldahl Nitrogen mg/L0.20 2.5 2.31 2080-120108 10.055.02

Batch BA11407 - Ion Chromatography 300.0 Prep

Blank (BA11407-BLK1) Prepared & Analyzed: 01/14/11 

Sulfate mg/L0.60 0.200.20 U

Nitrite (as N) mg/L0.04 0.010.01 U

Nitrate (as N) mg/L0.04 0.010.01 U

LCS (BA11407-BS1) Prepared & Analyzed: 01/14/11 

Nitrite (as N) mg/L0.04 1.4 85-115980.011.37

Sulfate mg/L0.60 9.0 85-115990.208.94

Nitrate (as N) mg/L0.04 1.7 85-115990.011.69

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1100234

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 26, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BA11407 - Ion Chromatography 300.0 Prep

LCS Dup (BA11407-BSD1) Prepared & Analyzed: 01/14/11 

Sulfate mg/L0.60 9.0 20085-11594 60.208.46

Nitrite (as N) mg/L0.04 1.4 20085-11598 00.011.37

Nitrate (as N) mg/L0.04 1.7 20085-11595 40.011.62

Matrix Spike (BA11407-MS1) Prepared & Analyzed: 01/14/11 Source: 1100234-01

Nitrite (as N) mg/L0.04 1.4 ND 85-1151020.011.43

Nitrate (as N) mg/L0.04 1.7 0.0217 85-115990.011.70

Sulfate mg/L0.60 9.0 13.0 85-1151010.2022.1

Matrix Spike (BA11407-MS2) Prepared & Analyzed: 01/14/11 Source: 1100234-33

Nitrate (as N) mg/L0.04 1.7 44.0 85-115NR0.0122.4 +O

Nitrite (as N) mg/L0.04 1.4 0.108 85-115970.011.47

Sulfate mg/L0.60 9.0 63.0 85-115900.2071.1

Batch BA11410 - Ion Chromatography 300.0 Prep

Blank (BA11410-BLK1) Prepared & Analyzed: 01/14/11 

Nitrite (as N) mg/L0.04 0.010.01 U

Nitrate (as N) mg/L0.04 0.010.01 U

LCS (BA11410-BS1) Prepared & Analyzed: 01/14/11 

Nitrate (as N) mg/L0.04 1.7 85-1151010.011.72

Nitrite (as N) mg/L0.04 1.4 85-1151070.011.50

LCS Dup (BA11410-BSD1) Prepared & Analyzed: 01/14/11 

Nitrite (as N) mg/L0.04 1.4 20085-11531 1090.010.440 +O

Nitrate (as N) mg/L0.04 1.7 20085-115103 20.011.75

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1100234

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 26, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BA11410 - Ion Chromatography 300.0 Prep

Matrix Spike (BA11410-MS1) Prepared & Analyzed: 01/14/11 Source: 1100408-07

Nitrate (as N) mg/L0.04 1.7 0.0676 85-1151040.011.83

Nitrite (as N) mg/L0.04 1.4 ND 85-1151040.011.45

Matrix Spike (BA11410-MS2) Prepared & Analyzed: 01/14/11 Source: 1100220-05

Nitrate (as N) mg/L0.04 17 0.0333 85-1151060.0118.0

Nitrite (as N) mg/L0.04 14 85-1151060.0114.8

Batch BA11412 - alkalinity

Blank (BA11412-BLK1) Prepared & Analyzed: 01/14/11 

Total Alkalinity mg/L8.0 2.02.0 U

Blank (BA11412-BLK2) Prepared & Analyzed: 01/14/11 

Total Alkalinity mg/L8.0 2.02.0 U

LCS (BA11412-BS1) Prepared & Analyzed: 01/14/11 

Total Alkalinity mg/L8.0 120 90-110982.0120

LCS (BA11412-BS2) Prepared & Analyzed: 01/14/11 

Total Alkalinity mg/L8.0 120 90-110982.0120

Matrix Spike (BA11412-MS1) Prepared & Analyzed: 01/14/11 Source: 1100408-01

Total Alkalinity mg/L8.0 120 150 80-120982.0280

Matrix Spike (BA11412-MS2) Prepared & Analyzed: 01/14/11 Source: 1100234-07

Total Alkalinity mg/L8.0 120 200 80-120982.0320

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1100234

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 26, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BA11412 - alkalinity

Matrix Spike Dup (BA11412-MSD1) Prepared & Analyzed: 01/14/11 Source: 1100408-01

Total Alkalinity mg/L8.0 120 150 2680-12098 02.0280

Matrix Spike Dup (BA11412-MSD2) Prepared & Analyzed: 01/14/11 Source: 1100234-07

Total Alkalinity mg/L8.0 120 200 2680-12098 02.0320

Batch BA11430 - BOD

Blank (BA11430-BLK1) Prepared: 01/14/11  Analyzed: 01/19/11 

Carbonaceous BOD mg/L2 22 U

Blank (BA11430-BLK2) Prepared: 01/14/11  Analyzed: 01/19/11 

Carbonaceous BOD mg/L2 22 U

LCS (BA11430-BS1) Prepared: 01/14/11  Analyzed: 01/19/11 

Carbonaceous BOD mg/L2 200 85-115892178

LCS (BA11430-BS2) Prepared: 01/14/11  Analyzed: 01/19/11 

Carbonaceous BOD mg/L2 200 85-115892178

LCS Dup (BA11430-BSD1) Prepared: 01/14/11  Analyzed: 01/19/11 

Carbonaceous BOD mg/L2 200 1085-11589 02178

LCS Dup (BA11430-BSD2) Prepared: 01/14/11  Analyzed: 01/19/11 

Carbonaceous BOD mg/L2 200 1085-11589 02178

Duplicate (BA11430-DUP1) Prepared: 01/14/11  Analyzed: 01/19/11 Source: 1100294-01

Carbonaceous BOD mg/L2 220 25132200

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1100234

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 26, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BA11430 - BOD

Duplicate (BA11430-DUP2) Prepared: 01/14/11  Analyzed: 01/19/11 Source: 1100455-01

Carbonaceous BOD mg/L2 520 2582560

Batch BA11445 - TSS prep

Blank (BA11445-BLK1) Prepared: 01/14/11  Analyzed: 01/15/11 

Total Suspended Solids mg/L1 11 U

LCS (BA11445-BS1) Prepared: 01/14/11  Analyzed: 01/15/11 

Total Suspended Solids mg/L1 50 85-11595147.5

Duplicate (BA11445-DUP1) Prepared: 01/14/11  Analyzed: 01/15/11 Source: 1100455-07

Total Suspended Solids mg/L1 ND 3011 U

Batch BA11504 - TSS prep

Blank (BA11504-BLK1) Prepared: 01/15/11  Analyzed: 01/17/11 

Total Suspended Solids mg/L1 11 U

LCS (BA11504-BS1) Prepared: 01/15/11  Analyzed: 01/17/11 

Total Suspended Solids mg/L1 50 85-11595147.5

Duplicate (BA11504-DUP1) Prepared: 01/15/11  Analyzed: 01/17/11 Source: 1100258-01

Total Suspended Solids mg/L1 18.0 300118.0

Duplicate (BA11504-DUP2) Prepared: 01/15/11  Analyzed: 01/17/11 Source: 1100283-03

Total Suspended Solids mg/L1 ND 3011 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1100234

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 26, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BA11701 - COD prep

Blank (BA11701-BLK1) Prepared & Analyzed: 01/17/11 

Chemical Oxygen Demand mg/L25 1010 U

LCS (BA11701-BS1) Prepared & Analyzed: 01/17/11 

Chemical Oxygen Demand mg/L25 50 90-1101041052

Matrix Spike (BA11701-MS1) Prepared & Analyzed: 01/17/11 Source: 1100234-02

Chemical Oxygen Demand mg/L25 50 37 85-115901082

Matrix Spike Dup (BA11701-MSD1) Prepared & Analyzed: 01/17/11 Source: 1100234-02

Chemical Oxygen Demand mg/L25 50 37 3285-11590 01082

Batch BA11731 - TDS Prep

Blank (BA11731-BLK1) Prepared: 01/14/11  Analyzed: 01/17/11 

Total Dissolved Solids mg/L10 1010 U

LCS (BA11731-BS1) Prepared: 01/14/11  Analyzed: 01/17/11 

Total Dissolved Solids mg/L10 1000 90-110102101,020

Duplicate (BA11731-DUP1) Prepared: 01/14/11  Analyzed: 01/17/11 Source: 1100234-11

Total Dissolved Solids mg/L10 706 24110716

Batch BA11801 - Digestion for TKN by EPA 351.2

Blank (BA11801-BLK1) Prepared: 01/18/11  Analyzed: 01/21/11 

Total Kjeldahl Nitrogen mg/L0.20 0.050.05 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1100234

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 26, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BA11801 - Digestion for TKN by EPA 351.2

Blank (BA11801-BLK2) Prepared: 01/18/11  Analyzed: 01/21/11 

Total Kjeldahl Nitrogen mg/L0.20 0.050.05 U

LCS (BA11801-BS1) Prepared: 01/18/11  Analyzed: 01/21/11 

Total Kjeldahl Nitrogen mg/L0.20 2.5 90-110990.052.47

LCS (BA11801-BS2) Prepared: 01/18/11  Analyzed: 01/21/11 

Total Kjeldahl Nitrogen mg/L0.20 2.5 90-110990.052.49

Matrix Spike (BA11801-MS1) Prepared: 01/18/11  Analyzed: 01/21/11 Source: 1100396-01

Total Kjeldahl Nitrogen mg/L0.20 2.5 1.33 80-1201030.053.89

Matrix Spike (BA11801-MS2) Prepared: 01/18/11  Analyzed: 01/21/11 Source: 1100407-09

Total Kjeldahl Nitrogen mg/L0.20 2.5 0.778 80-1201070.053.46

Matrix Spike Dup (BA11801-MSD1) Prepared: 01/18/11  Analyzed: 01/21/11 Source: 1100396-01

Total Kjeldahl Nitrogen mg/L0.20 2.5 1.33 2080-120109 40.054.05

Matrix Spike Dup (BA11801-MSD2) Prepared: 01/18/11  Analyzed: 01/21/11 Source: 1100407-09

Total Kjeldahl Nitrogen mg/L0.20 2.5 0.778 2080-120110 20.053.52

Batch BA11809 - COD prep

Blank (BA11809-BLK1) Prepared & Analyzed: 01/18/11 

Chemical Oxygen Demand mg/L25 1010 U

LCS (BA11809-BS1) Prepared & Analyzed: 01/18/11 

Chemical Oxygen Demand mg/L25 50 90-110921046

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1100234

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 26, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BA11809 - COD prep

Matrix Spike (BA11809-MS1) Prepared & Analyzed: 01/18/11 Source: 1100234-18

Chemical Oxygen Demand mg/L25 50 13 85-115921059

Matrix Spike Dup (BA11809-MSD1) Prepared & Analyzed: 01/18/11 Source: 1100234-18

Chemical Oxygen Demand mg/L25 50 13 3285-11592 01059

Batch BA11816 - Sulfide prep

Blank (BA11816-BLK1) Prepared & Analyzed: 01/18/11 

Sulfide mg/L0.40 0.100.10 U

LCS (BA11816-BS1) Prepared & Analyzed: 01/18/11 

Sulfide mg/L0.40 5.0 85-115990.104.95

Duplicate (BA11816-DUP1) Prepared & Analyzed: 01/18/11 Source: 1100234-24

Sulfide mg/L0.40 0.140 1400.100.140 I

Batch BA11822 - Ion Chromatography 300.0 Prep

Blank (BA11822-BLK1) Prepared & Analyzed: 01/14/11 

Sulfate mg/L0.60 0.200.20 U

Nitrate (as N) mg/L0.04 0.010.01 U

LCS (BA11822-BS1) Prepared & Analyzed: 01/14/11 

Nitrate (as N) mg/L0.04 1.7 85-115990.011.69

Sulfate mg/L0.60 9.0 85-115980.208.83

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1100234

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 26, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BA11822 - Ion Chromatography 300.0 Prep

LCS Dup (BA11822-BSD1) Prepared & Analyzed: 01/14/11 

Nitrate (as N) mg/L0.04 1.7 20085-11599 0.60.011.68

Sulfate mg/L0.60 9.0 20085-11598 0.30.208.86

Matrix Spike (BA11822-MS1) Prepared & Analyzed: 01/14/11 Source: 1100234-25

Nitrate (as N) mg/L0.04 17 21.7 85-115860.0136.4

Sulfate mg/L0.60 90 65.4 85-115920.20148

Matrix Spike (BA11822-MS2) Prepared & Analyzed: 01/14/11 Source: 1100384-15

Nitrate (as N) mg/L0.04 17 29.3 85-115920.0144.9

Sulfate mg/L0.60 90 873 85-115110.20883 +O

Batch BA11833 - Ion Chromatography 300.0 Prep

Blank (BA11833-BLK1) Prepared & Analyzed: 01/19/11 

Sulfate mg/L0.60 0.200.20 U

LCS (BA11833-BS1) Prepared & Analyzed: 01/19/11 

Sulfate mg/L0.60 9.0 85-115960.208.68

LCS Dup (BA11833-BSD1) Prepared & Analyzed: 01/19/11 

Sulfate mg/L0.60 9.0 20085-11597 0.10.208.69

Matrix Spike (BA11833-MS1) Prepared & Analyzed: 01/19/11 Source: 1100515-01

Sulfate mg/L0.60 9.0 2.10 85-115960.2010.7

Matrix Spike (BA11833-MS2) Prepared & Analyzed: 01/19/11 Source: 1100516-01

Sulfate mg/L0.60 9.0 5.82 85-115940.2014.3

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BA11902 - COD prep

Blank (BA11902-BLK1) Prepared & Analyzed: 01/19/11 

Chemical Oxygen Demand mg/L25 1010 U

LCS (BA11902-BS1) Prepared & Analyzed: 01/19/11 

Chemical Oxygen Demand mg/L25 50 90-110921046

Matrix Spike (BA11902-MS1) Prepared & Analyzed: 01/19/11 Source: 1100384-01

Chemical Oxygen Demand mg/L25 50 11 85-1151001061

Matrix Spike Dup (BA11902-MSD1) Prepared & Analyzed: 01/19/11 Source: 1100384-01

Chemical Oxygen Demand mg/L25 50 11 3285-115100 01061

Batch BA11928 - Ion Chromatography 300.0 Prep

Blank (BA11928-BLK1) Prepared & Analyzed: 01/19/11 

Sulfate mg/L0.60 0.200.20 U

LCS (BA11928-BS1) Prepared & Analyzed: 01/19/11 

Sulfate mg/L0.60 9.0 85-1151100.209.90

LCS Dup (BA11928-BSD1) Prepared & Analyzed: 01/19/11 

Sulfate mg/L0.60 9.0 20085-115110 00.209.90

Matrix Spike (BA11928-MS1) Prepared & Analyzed: 01/19/11 Source: 1100472-08

Sulfate mg/L0.60 9.0 107 85-11500.20107 +O

Matrix Spike (BA11928-MS2) Prepared & Analyzed: 01/19/11 Source: 1100576-05

Sulfate mg/L0.60 9.0 3.26 85-115850.2010.9 +O

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BA11930 - TDS Prep

Blank (BA11930-BLK1) Prepared: 01/18/11  Analyzed: 01/19/11 

Total Dissolved Solids mg/L10 1010 U

Blank (BA11930-BLK2) Prepared: 01/18/11  Analyzed: 01/19/11 

Total Dissolved Solids mg/L10 1010 U

LCS (BA11930-BS1) Prepared: 01/18/11  Analyzed: 01/19/11 

Total Dissolved Solids mg/L10 1000 90-1109910990

Duplicate (BA11930-DUP1) Prepared: 01/18/11  Analyzed: 01/19/11 Source: 1100234-32

Total Dissolved Solids mg/L10 844 24110854

Duplicate (BA11930-DUP2) Prepared: 01/18/11  Analyzed: 01/19/11 Source: 1100215-09

Total Dissolved Solids mg/L10 2720 240.8102,700

Batch BA12007 - Ion Chromatography 300.0 Prep

Blank (BA12007-BLK1) Prepared & Analyzed: 01/20/11 

Sulfate mg/L0.60 0.200.20 U

LCS (BA12007-BS1) Prepared & Analyzed: 01/20/11 

Sulfate mg/L0.60 9.0 85-1151060.209.53

LCS Dup (BA12007-BSD1) Prepared & Analyzed: 01/20/11 

Sulfate mg/L0.60 9.0 20085-115104 10.209.39

Matrix Spike (BA12007-MS1) Prepared & Analyzed: 01/20/11 Source: 1100384-10

Sulfate mg/L0.60 90 286 85-115920.20369

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BA12007 - Ion Chromatography 300.0 Prep

Matrix Spike (BA12007-MS2) Prepared & Analyzed: 01/20/11 Source: 1100422-03

Sulfate mg/L0.60 90 242 85-1151100.20341

Batch BA12008 - alkalinity

Blank (BA12008-BLK1) Prepared & Analyzed: 01/20/11 

Total Alkalinity mg/L8.0 2.02.0 U

LCS (BA12008-BS1) Prepared & Analyzed: 01/20/11 

Total Alkalinity mg/L8.0 120 90-110982.0120

Matrix Spike (BA12008-MS1) Prepared & Analyzed: 01/20/11 Source: 1100563-01

Total Alkalinity mg/L8.0 120 300 80-120982.0430

Matrix Spike Dup (BA12008-MSD1) Prepared & Analyzed: 01/20/11 Source: 1100563-01

Total Alkalinity mg/L8.0 120 300 2680-12098 02.0430

Batch BA12118 - Digestion for TKN by EPA 351.2

Blank (BA12118-BLK1) Prepared: 01/21/11  Analyzed: 01/25/11 

Total Kjeldahl Nitrogen mg/L0.20 0.050.05 U

Blank (BA12118-BLK2) Prepared: 01/21/11  Analyzed: 01/25/11 

Total Kjeldahl Nitrogen mg/L0.20 0.050.05 U

LCS (BA12118-BS1) Prepared: 01/21/11  Analyzed: 01/25/11 

Total Kjeldahl Nitrogen mg/L0.20 2.5 90-1101040.052.61

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1100234

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 26, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BA12118 - Digestion for TKN by EPA 351.2

LCS (BA12118-BS2) Prepared: 01/21/11  Analyzed: 01/25/11 

Total Kjeldahl Nitrogen mg/L0.20 2.5 90-110930.052.33

Matrix Spike (BA12118-MS1) Prepared: 01/21/11  Analyzed: 01/25/11 Source: 1100002-03

Total Kjeldahl Nitrogen mg/L0.20 2.5 0.668 80-120950.053.03

Matrix Spike (BA12118-MS2) Prepared: 01/21/11  Analyzed: 01/25/11 Source: 1100602-09

Total Kjeldahl Nitrogen mg/L0.20 2.5 0.414 80-120970.052.85

Matrix Spike Dup (BA12118-MSD1) Prepared: 01/21/11  Analyzed: 01/25/11 Source: 1100002-03

Total Kjeldahl Nitrogen mg/L0.20 2.5 0.668 2080-12091 30.052.94

Matrix Spike Dup (BA12118-MSD2) Prepared: 01/21/11  Analyzed: 01/25/11 Source: 1100602-09

Total Kjeldahl Nitrogen mg/L0.20 2.5 0.414 2080-12097 0.20.052.84

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1100234

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 26, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Microbiology - Quality Control

MDL

Batch BA11713 - FC-MF

Blank (BA11713-BLK1) Prepared: 01/13/11  Analyzed: 01/14/11 

Fecal Coliforms CFU/100 ml1 11 U

Batch BA11716 - FC-MF

Blank (BA11716-BLK1) Prepared: 01/13/11  Analyzed: 01/14/11 

Fecal Coliforms CFU/100 ml1 11 U

Duplicate (BA11716-DUP1) Prepared: 01/13/11  Analyzed: 01/14/11 Source: 1100296-04

Fecal Coliforms CFU/100 ml1 ND 20011 U

Non-Coliform CFU/100 ml1 ND 20011 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1100234

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 26, 2011

* Qualifiers, Notes and Definitions

Results followed by a "U" indicate that the sample was analyzed but the compound was not detected. Results followed by "I" indicate 

that the reported value is between the laboratory method detection limts and the laboratory practical quantitation limit.

A statement of estimated uncertainty of test results is available upon request.

For methods marked with  **, all QC criteria have been met for this method which is equivalent to a SAL certified method.

Test results in this report meet all the requirements of the NELAC standards. Any applicable qualifiers are shown below. 

Questions regarding this report should be directed to Client Services at 813-855-1844.

+O Matrix spike source sample was over the reccommended range for the method.

Due to the large amount of sampling locations, sampling efforts were completed by both Southern Analytical Laboratories and Hazen 

and Sawyer staff.  In addition, some sampling locations produced  very minimal sample volume making it very difficuly to use SAL's 

field meters.  A combination of both companies meters was used to complete all field readings.

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1100335

Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 20, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100335-01

01/11/11 08:20

Client

01/11/11 13:50

UNSAT-IS3  

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 01/12/11 08:410.0051.2

SM 5210B KTCCarbonaceous BOD mg/L 01/12/11 17:052 01/17/11 13:4722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 01/12/11 09:151031

EPA 300.0 MEJNitrate (as N) mg/L 0.04 01/12/11 13:550.0124

EPA 300.0 MEJNitrite (as N) mg/L 0.04 01/11/11 17:000.018.3

EPA 300.0 MEJSulfate mg/L 0.60 01/15/11 00:310.20120

SM 2320B KTCTotal Alkalinity mg/L 01/14/11 11:038.0 01/14/11 11:062.0300

SM 2540C MJVTotal Dissolved Solids mg/L 01/14/11 13:3010 01/17/11 16:3010850

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 01/13/11 07:450.20 01/14/11 11:340.054.1

SM 2540D KTCTotal Suspended Solids mg/L 01/18/11 15:541 01/18/11 16:00110

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1100335-02

01/11/11 08:30

Client

01/11/11 13:50

UNSAT-IS4  

Inorganics

EPA 350.1 SMBAmmonia as N mg/L 0.010 01/12/11 08:410.0050.092

SM 5210B KTCCarbonaceous BOD mg/L 01/12/11 17:052 01/17/11 13:4722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 01/12/11 09:151029

EPA 300.0 MEJNitrate (as N) mg/L 0.04 01/11/11 17:000.010.11

EPA 300.0 MEJNitrite (as N) mg/L 0.04 01/11/11 17:000.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 01/15/11 00:310.20110

SM 2320B KTCTotal Alkalinity mg/L 01/14/11 11:038.0 01/14/11 11:062.0260

SM 2540C MJVTotal Dissolved Solids mg/L 01/14/11 13:3010 01/17/11 16:3010620

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 01/13/11 07:450.20 01/14/11 11:340.050.87

SM 2540D KTCTotal Suspended Solids mg/L 01/18/11 15:541 01/18/11 16:0017

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1100335

Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 20, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BA11118 - Ion Chromatography 300.0 Prep

Blank (BA11118-BLK1) Prepared & Analyzed: 01/11/11 

Nitrite (as N) mg/L0.04 0.010.01 U

Nitrate (as N) mg/L0.04 0.010.01 U

LCS (BA11118-BS1) Prepared & Analyzed: 01/11/11 

Nitrite (as N) mg/L0.04 1.4 85-1151020.011.43

Nitrate (as N) mg/L0.04 1.7 85-1151000.011.70

LCS Dup (BA11118-BSD1) Prepared & Analyzed: 01/11/11 

Nitrate (as N) mg/L0.04 1.7 20085-11599 0.60.011.69

Nitrite (as N) mg/L0.04 1.4 20085-115101 0.70.011.42

Matrix Spike (BA11118-MS1) Prepared & Analyzed: 01/11/11 Source: 1100315-02

Nitrate (as N) mg/L0.04 1.7 0.0267 85-115900.011.56

Nitrite (as N) mg/L0.04 1.4 ND 85-115940.011.32

Matrix Spike (BA11118-MS2) Prepared & Analyzed: 01/11/11 Source: 1100335-02

Sulfate mg/L0.60 9.0 114 85-115NR0.20102 +O

Nitrite (as N) mg/L0.04 1.4 ND 85-115950.011.33

Nitrate (as N) mg/L0.04 1.7 0.107 85-115930.011.68

Batch BA11121 - Ammonia by SEAL

Blank (BA11121-BLK1) Prepared & Analyzed: 01/12/11 

Ammonia as N mg/L0.010 0.0050.005 U

Blank (BA11121-BLK2) Prepared & Analyzed: 01/12/11 

Ammonia as N mg/L0.010 0.0050.005 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1100335

Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 20, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BA11121 - Ammonia by SEAL

Blank (BA11121-BLK3) Prepared & Analyzed: 01/12/11 

Ammonia as N mg/L0.010 0.0050.005 I

LCS (BA11121-BS1) Prepared & Analyzed: 01/12/11 

Ammonia as N mg/L0.010 0.50 90-110990.0050.49

LCS (BA11121-BS2) Prepared & Analyzed: 01/12/11 

Ammonia as N mg/L0.010 0.50 90-1101020.0050.51

LCS (BA11121-BS3) Prepared & Analyzed: 01/12/11 

Ammonia as N mg/L0.010 0.50 90-110960.0050.48

Matrix Spike (BA11121-MS1) Prepared & Analyzed: 01/12/11 Source: 1100250-01

Ammonia as N mg/L0.010 0.50 ND 90-1101030.0050.51

Matrix Spike (BA11121-MS2) Prepared & Analyzed: 01/12/11 Source: 1100195-11

Ammonia as N mg/L0.010 0.50 ND 90-110970.0050.49

Matrix Spike (BA11121-MS3) Prepared & Analyzed: 01/12/11 Source: 1100330-09

Ammonia as N mg/L0.010 0.50 0.031 90-110930.0050.50

Matrix Spike Dup (BA11121-MSD1) Prepared & Analyzed: 01/12/11 Source: 1100250-01

Ammonia as N mg/L0.010 0.50 ND 1090-110101 20.0050.50

Matrix Spike Dup (BA11121-MSD2) Prepared & Analyzed: 01/12/11 Source: 1100195-11

Ammonia as N mg/L0.010 0.50 ND 1090-110101 40.0050.51

Matrix Spike Dup (BA11121-MSD3) Prepared & Analyzed: 01/12/11 Source: 1100330-09

Ammonia as N mg/L0.010 0.50 0.031 1090-11094 0.60.0050.50

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1100335

Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 20, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BA11205 - COD prep

Blank (BA11205-BLK1) Prepared & Analyzed: 01/12/11 

Chemical Oxygen Demand mg/L25 1010 U

LCS (BA11205-BS1) Prepared & Analyzed: 01/12/11 

Chemical Oxygen Demand mg/L25 50 90-110921046

Matrix Spike (BA11205-MS1) Prepared & Analyzed: 01/12/11 Source: 1100152-01

Chemical Oxygen Demand mg/L25 1000 1100 85-115108102,200

Matrix Spike Dup (BA11205-MSD1) Prepared & Analyzed: 01/12/11 Source: 1100152-01

Chemical Oxygen Demand mg/L25 1000 1100 3285-115108 0102,200

Batch BA11218 - Ion Chromatography 300.0 Prep

Blank (BA11218-BLK1) Prepared & Analyzed: 01/12/11 

Nitrate (as N) mg/L0.04 0.010.01 U

LCS (BA11218-BS1) Prepared & Analyzed: 01/12/11 

Nitrate (as N) mg/L0.04 1.7 85-115970.011.65

LCS Dup (BA11218-BSD1) Prepared & Analyzed: 01/12/11 

Nitrate (as N) mg/L0.04 1.7 20085-115101 40.011.71

Matrix Spike (BA11218-MS1) Prepared & Analyzed: 01/12/11 Source: 1100361-01

Nitrate (as N) mg/L0.04 1.7 0.0250 85-1151000.011.73

Matrix Spike (BA11218-MS2) Prepared & Analyzed: 01/12/11 Source: 1100365-06

Nitrate (as N) mg/L0.04 1.7 0.319 85-115900.011.85

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1100335

Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 20, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BA11225 - BOD

Blank (BA11225-BLK1) Prepared: 01/12/11  Analyzed: 01/17/11 

Carbonaceous BOD mg/L2 22 U

LCS (BA11225-BS1) Prepared: 01/12/11  Analyzed: 01/17/11 

Carbonaceous BOD mg/L2 200 85-115902181

LCS Dup (BA11225-BSD1) Prepared: 01/12/11  Analyzed: 01/17/11 

Carbonaceous BOD mg/L2 200 1085-11588 22177

Duplicate (BA11225-DUP1) Prepared: 01/12/11  Analyzed: 01/17/11 Source: 1100330-01

Carbonaceous BOD mg/L2 430 250.72430

Batch BA11301 - Digestion for TKN by EPA 351.2

Blank (BA11301-BLK1) Prepared: 01/13/11  Analyzed: 01/14/11 

Total Kjeldahl Nitrogen mg/L0.20 0.050.05 U

Blank (BA11301-BLK2) Prepared: 01/13/11  Analyzed: 01/14/11 

Total Kjeldahl Nitrogen mg/L0.20 0.050.05 U

LCS (BA11301-BS1) Prepared: 01/13/11  Analyzed: 01/14/11 

Total Kjeldahl Nitrogen mg/L0.20 2.5 90-110960.052.40

LCS (BA11301-BS2) Prepared: 01/13/11  Analyzed: 01/14/11 

Total Kjeldahl Nitrogen mg/L0.20 2.5 90-110970.052.43

Matrix Spike (BA11301-MS1) Prepared: 01/13/11  Analyzed: 01/14/11 Source: 1100195-11

Total Kjeldahl Nitrogen mg/L0.20 2.5 ND 80-120940.052.36

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1100335

Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 20, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BA11301 - Digestion for TKN by EPA 351.2

Matrix Spike (BA11301-MS2) Prepared: 01/13/11  Analyzed: 01/14/11 Source: 1100284-01

Total Kjeldahl Nitrogen mg/L0.20 2.5 ND 80-120960.052.39

Matrix Spike Dup (BA11301-MSD1) Prepared: 01/13/11  Analyzed: 01/14/11 Source: 1100195-11

Total Kjeldahl Nitrogen mg/L0.20 2.5 ND 2080-12095 0.20.052.36

Matrix Spike Dup (BA11301-MSD2) Prepared: 01/13/11  Analyzed: 01/14/11 Source: 1100284-01

Total Kjeldahl Nitrogen mg/L0.20 2.5 ND 2080-120100 50.052.51

Batch BA11412 - alkalinity

Blank (BA11412-BLK1) Prepared & Analyzed: 01/14/11 

Total Alkalinity mg/L8.0 2.02.0 U

Blank (BA11412-BLK2) Prepared & Analyzed: 01/14/11 

Total Alkalinity mg/L8.0 2.02.0 U

LCS (BA11412-BS1) Prepared & Analyzed: 01/14/11 

Total Alkalinity mg/L8.0 120 90-110982.0120

LCS (BA11412-BS2) Prepared & Analyzed: 01/14/11 

Total Alkalinity mg/L8.0 120 90-110982.0120

Matrix Spike (BA11412-MS1) Prepared & Analyzed: 01/14/11 Source: 1100408-01

Total Alkalinity mg/L8.0 120 150 80-120982.0280

Matrix Spike (BA11412-MS2) Prepared & Analyzed: 01/14/11 Source: 1100234-07

Total Alkalinity mg/L8.0 120 200 80-120982.0320

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1100335

Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 20, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BA11412 - alkalinity

Matrix Spike Dup (BA11412-MSD1) Prepared & Analyzed: 01/14/11 Source: 1100408-01

Total Alkalinity mg/L8.0 120 150 2680-12098 02.0280

Matrix Spike Dup (BA11412-MSD2) Prepared & Analyzed: 01/14/11 Source: 1100234-07

Total Alkalinity mg/L8.0 120 200 2680-12098 02.0320

Batch BA11729 - TDS Prep

Blank (BA11729-BLK1) Prepared: 01/14/11  Analyzed: 01/17/11 

Total Dissolved Solids mg/L10 1010 U

LCS (BA11729-BS1) Prepared: 01/14/11  Analyzed: 01/17/11 

Total Dissolved Solids mg/L10 1000 90-11010010996

Duplicate (BA11729-DUP1) Prepared: 01/14/11  Analyzed: 01/17/11 Source: 1100219-04

Total Dissolved Solids mg/L10 272 24110276

Duplicate (BA11729-DUP2) Prepared: 01/14/11  Analyzed: 01/17/11 Source: 1100315-01

Total Dissolved Solids mg/L10 ND 241010 U

Batch BA11821 - Ion Chromatography 300.0 Prep

Blank (BA11821-BLK1) Prepared & Analyzed: 01/15/11 

Sulfate mg/L0.60 0.200.20 U

LCS (BA11821-BS1) Prepared & Analyzed: 01/15/11 

Sulfate mg/L0.60 9.0 85-115990.208.90

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1100335

Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 20, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BA11821 - Ion Chromatography 300.0 Prep

LCS Dup (BA11821-BSD1) Prepared & Analyzed: 01/15/11 

Sulfate mg/L0.60 9.0 20085-115100 10.208.99

Matrix Spike (BA11821-MS1) Prepared & Analyzed: 01/15/11 Source: 1100384-25

Sulfate mg/L0.60 90 85-1151760.20158

Matrix Spike (BA11821-MS2) Prepared & Analyzed: 01/15/11 Source: 1100367-03

Sulfate mg/L0.60 90 85-1151480.20sample was not analyed for NO3, NO2 or SO4

Batch BA11835 - TSS prep

Blank (BA11835-BLK1) Prepared & Analyzed: 01/18/11 

Total Suspended Solids mg/L1 11 U

Blank (BA11835-BLK2) Prepared & Analyzed: 01/18/11 

Total Suspended Solids mg/L1 11 U

LCS (BA11835-BS1) Prepared & Analyzed: 01/18/11 

Total Suspended Solids mg/L1 50 85-11591145.5

LCS (BA11835-BS2) Prepared & Analyzed: 01/18/11 

Total Suspended Solids mg/L1 50 85-11591145.5

Duplicate (BA11835-DUP1) Prepared & Analyzed: 01/18/11 Source: 1100455-06

Total Suspended Solids mg/L1 ND 3011 U

Duplicate (BA11835-DUP2) Prepared & Analyzed: 01/18/11 Source: 1100374-07

Total Suspended Solids mg/L1 ND 3011 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1100335

Tampa FLORIDA, 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

January 20, 2011

* Qualifiers, Notes and Definitions

Results followed by a "U" indicate that the sample was analyzed but the compound was not detected. Results followed by "I" indicate 

that the reported value is between the laboratory method detection limts and the laboratory practical quantitation limit.

A statement of estimated uncertainty of test results is available upon request.

For methods marked with  **, all QC criteria have been met for this method which is equivalent to a SAL certified method.

Test results in this report meet all the requirements of the NELAC standards. Any applicable qualifiers are shown below. 

Questions regarding this report should be directed to Client Services at 813-855-1844.

+O Matrix spike source sample was over the reccommended range for the method.

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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January 28, 2011

LIMS USE: FR - JOSEFIN

LIMS OBJECT ID: 3524876

3524876

Project:

Pace Project No.:

RE:

Ms. Josefin Edebeck-Hirst
Hazen and Sawyer, P.C
10002 Princess Palm Avenue
Suite 200
Tampa, FL 33619

FDOH

Dear Ms. Edebeck-Hirst:

Enclosed are the analytical results for sample(s) received by the laboratory on January 14, 2011.
The results relate only to the samples included in this report.  Results reported herein conform to the
most current NELAC standards, where applicable, unless otherwise narrated in the body of the
report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Sakina Mckenzie

sakina.mckenzie@pacelabs.com
Project Manager

Enclosures

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, Inc..
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Pace Analytical Services, Inc.

8 East Tower Circle

Ormond Beach, FL 32174

(386)672-5668



CERTIFICATIONS

Pace Project No.:

Project:

3524876

FDOH

Ormond Beach Certification IDs
8 East Tower Circle, Ormond Beach, FL  32174
Alabama Certification #: 41320
Arizona Certification #: AZ0735
Colorado Certification: FL NELAC Reciprocity
Connecticut Certification #: PH 0216
Florida Certification #: E83079
Georgia Certification #: 955
Guam Certification: FL NELAC Reciprocity
Hawaii Certification: FL NELAC Reciprocity
Kansas Certification #: E-10383
Kentucky Certification #: 90050
Louisiana Certification #: LA090012
Louisiana Environmental Certificate #: 05007
Maine Certification #: FL1264
Massachusetts Certification #: M-FL1264

Michigan Certification #: 9911
Mississippi Certification: FL NELAC Reciprocity
Montana Certification #: Cert 0074
Nevada Certification: FL NELAC Reciprocity
New Hampshire Certification #: 2958
New Jersey Certification #: FL765
New York Certification #: 11608
North Carolina Environmental Certificate #: 667
North Carolina Certification #: 12710
Pennsylvania Certification #: 68-547
Puerto Rico Certification #: FL01264
Tennessee Certification #: TN02974
Texas Certification: FL NELAC Reciprocity
Virginia Certification #: 00432
Wyoming Certification: FL NELAC Reciprocity

Tampa Certification IDs
1209 Tech Boulevard, Ste 207, Tampa FL  33619 Florida Certification #: E84973

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, Inc..
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Pace Analytical Services, Inc.

8 East Tower Circle

Ormond Beach, FL 32174

(386)672-5668



SAMPLE SUMMARY

Pace Project No.:

Project:

3524876

FDOH

Lab ID Sample ID Matrix Date Collected Date Received

3524876001 DENIT-LS1 Water 01/13/11 08:00 01/14/11 07:00

3524876002 UNSAT-EC3 Water 01/13/11 12:05 01/14/11 07:00

3524876003 PNRSII STE-T1 Water 01/13/11 13:30 01/14/11 07:00

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, Inc..

Page 3 of 37

Pace Analytical Services, Inc.

8 East Tower Circle

Ormond Beach, FL 32174

(386)672-5668



SAMPLE ANALYTE COUNT

Pace Project No.:

Project:

3524876

FDOH

Lab ID Sample ID Method

Analytes

Reported LaboratoryAnalysts

3524876001 DENIT-LS1 SM 2320B 1 PASI-OHEM

SM 2540C 1 PASI-OAIS

SM 2540D 1 PASI-OAIS

SM 5210B 1 PASI-OKHC

EPA 300.0 3 PASI-OKDM

EPA 300.0 1 PASI-OKDM

EPA 350.1 1 PASI-OAMD

EPA 351.2 1 PASI-OAMD

EPA 365.4 1 PASI-OAMD

EPA 410.4 1 PASI-OMMD

3524876002 UNSAT-EC3 SM 9222D 1 PASI-TKMC

SM 2320B 1 PASI-OHEM

SM 2540C 1 PASI-OAIS

SM 2540D 1 PASI-OAIS

SM 5210B 1 PASI-OKHC

EPA 300.0 3 PASI-OKDM

EPA 300.0 1 PASI-OKDM

EPA 350.1 1 PASI-OAMD

EPA 351.2 1 PASI-OAMD

EPA 365.4 1 PASI-OAMD

EPA 410.4 1 PASI-OMMD

3524876003 PNRSII STE-T1 SM 9222D 1 PASI-TKMC

SM 2320B 1 PASI-OHEM

SM 2540C 1 PASI-OAIS

SM 2540D 1 PASI-OAIS

SM 5210B 1 PASI-OKHC

EPA 300.0 3 PASI-OKDM

EPA 300.0 1 PASI-OKDM

EPA 350.1 1 PASI-OAMD

EPA 351.2 1 PASI-OAMD

EPA 365.4 1 PASI-OAMD

EPA 410.4 1 PASI-OMMD

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, Inc..

Page 4 of 37

Pace Analytical Services, Inc.

8 East Tower Circle

Ormond Beach, FL 32174

(386)672-5668



PROJECT NARRATIVE

Pace Project No.:

Project:

3524876

FDOH

Method:

Client: Hazen and Sawyer, P.C

SM 9222D

Date: January 28, 2011

Description: 9222D Fecal Coliform Tampa

General Information:

2 samples were analyzed for SM 9222D.  All samples were received in acceptable condition with any exceptions noted below.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with SM 9222D with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:

Project:

3524876

FDOH

Method:

Client: Hazen and Sawyer, P.C

SM 2320B

Date: January 28, 2011

Description: 2320B Alkalinity

General Information:

3 samples were analyzed for SM 2320B.  All samples were received in acceptable condition with any exceptions noted below.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: WET/6874

A matrix spike and matrix spike duplicate (MS/MSD) were performed on the following sample(s):  3524769003,3524811002

J(M1): Estimated Value. Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS)
recovery.

• MS  (Lab ID: 160912)

• Alkalinity, Total as CaCO3

• MS  (Lab ID: 160914)

• Alkalinity, Total as CaCO3

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:

Project:

3524876

FDOH

Method:

Client: Hazen and Sawyer, P.C

SM 2540C

Date: January 28, 2011

Description: 2540C Total Dissolved Solids

General Information:

3 samples were analyzed for SM 2540C.  All samples were received in acceptable condition with any exceptions noted below.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS
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PROJECT NARRATIVE

Pace Project No.:

Project:

3524876

FDOH

Method:

Client: Hazen and Sawyer, P.C

SM 2540D

Date: January 28, 2011

Description: 2540D Total Suspended Solids

General Information:

3 samples were analyzed for SM 2540D.  All samples were received in acceptable condition with any exceptions noted below.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:

Project:

3524876

FDOH

Method:

Client: Hazen and Sawyer, P.C

SM 5210B

Date: January 28, 2011

Description: 5210B cBOD, 5 day

General Information:

3 samples were analyzed for SM 5210B.  All samples were received in acceptable condition with any exceptions noted below.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with SM 5210B with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

Analyte Comments:

QC Batch: WET/6832

J(B2): Estimated Value.  Oxygen usage is less than 2.0 for all dilutions set.  The reported value is an estimated less than value and
is calculated for the dilution using the most amount of sample.

• DENIT-LS1  (Lab ID: 3524876001)

• Carbonaceous BOD, 5 day

• UNSAT-EC3  (Lab ID: 3524876002)

• Carbonaceous BOD, 5 day

REPORT OF LABORATORY ANALYSIS
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PROJECT NARRATIVE

Pace Project No.:

Project:

3524876

FDOH

Method:

Client: Hazen and Sawyer, P.C

EPA 300.0

Date: January 28, 2011

Description: 300.0 IC Anions

General Information:

3 samples were analyzed for EPA 300.0.  All samples were received in acceptable condition with any exceptions noted below.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

Analyte Comments:

QC Batch: WETA/8171

1p: The recovery of the analyte in the CRDL standard (also known as the reporting limit verification) did not meet the acceptance
criteria.

• BLANK  (Lab ID: 160412)

• Nitrite as N

• Nitrate as N

• Orthophosphate as P

REPORT OF LABORATORY ANALYSIS
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PROJECT NARRATIVE

Pace Project No.:

Project:

3524876

FDOH

Method:

Client: Hazen and Sawyer, P.C

EPA 300.0

Date: January 28, 2011

Description: 300.0 IC Anions 28 Days

General Information:

3 samples were analyzed for EPA 300.0.  All samples were received in acceptable condition with any exceptions noted below.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

Analyte Comments:

QC Batch: WETA/8172

D3: Sample was diluted due to the presence of high levels of non-target analytes or other matrix interference.

• PNRSII STE-T1  (Lab ID: 3524876003)

• Sulfate

REPORT OF LABORATORY ANALYSIS
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PROJECT NARRATIVE

Pace Project No.:

Project:

3524876

FDOH

Method:

Client: Hazen and Sawyer, P.C

EPA 350.1

Date: January 28, 2011

Description: 350.1 Ammonia

General Information:

3 samples were analyzed for EPA 350.1.  All samples were received in acceptable condition with any exceptions noted below.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: WETA/8258

A matrix spike and matrix spike duplicate (MS/MSD) were performed on the following sample(s):  3524811002

J(M1): Estimated Value. Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS)
recovery.

• MS  (Lab ID: 162542)

• Nitrogen, Ammonia

QC Batch: WETA/8259

A matrix spike and matrix spike duplicate (MS/MSD) were performed on the following sample(s):  3524876003

J(M1): Estimated Value. Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS)
recovery.

• MS  (Lab ID: 162546)

• Nitrogen, Ammonia

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:

Project:

3524876

FDOH

Method:

Client: Hazen and Sawyer, P.C

EPA 351.2

Date: January 28, 2011

Description: 351.2 Total Kjeldahl Nitrogen

General Information:

3 samples were analyzed for EPA 351.2.  All samples were received in acceptable condition with any exceptions noted below.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 351.2 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: WETA/8206

A matrix spike and matrix spike duplicate (MS/MSD) were performed on the following sample(s):  3524858002

J(M1): Estimated Value. Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS)
recovery.

• MS  (Lab ID: 161199)

• Nitrogen, Kjeldahl, Total

QC Batch: WETA/8208

A matrix spike and matrix spike duplicate (MS/MSD) were performed on the following sample(s):  3524876003,3524989002

J(M1): Estimated Value. Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS)
recovery.

• MS  (Lab ID: 161209)

• Nitrogen, Kjeldahl, Total

• MS  (Lab ID: 161380)

• Nitrogen, Kjeldahl, Total

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.
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PROJECT NARRATIVE

Pace Project No.:

Project:

3524876

FDOH

Method:

Client: Hazen and Sawyer, P.C

EPA 351.2

Date: January 28, 2011

Description: 351.2 Total Kjeldahl Nitrogen

QC Batch: WETA/8208

J(D6): Estimated Value. The relative percent difference (RPD) between the sample and sample duplicate exceeded laboratory
control limits.

• DUP  (Lab ID: 161379)

• Nitrogen, Kjeldahl, Total

Additional Comments:

REPORT OF LABORATORY ANALYSIS
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PROJECT NARRATIVE

Pace Project No.:

Project:

3524876

FDOH

Method:

Client: Hazen and Sawyer, P.C

EPA 365.4

Date: January 28, 2011

Description: 365.4 Phosphorus, Total

General Information:

3 samples were analyzed for EPA 365.4.  All samples were received in acceptable condition with any exceptions noted below.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 365.4 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, Inc..

Page 15 of 37

Pace Analytical Services, Inc.

8 East Tower Circle

Ormond Beach, FL 32174

(386)672-5668



PROJECT NARRATIVE

Pace Project No.:

Project:

3524876

FDOH

Method:

Client: Hazen and Sawyer, P.C

EPA 410.4

Date: January 28, 2011

Description: 410.4 COD

General Information:

3 samples were analyzed for EPA 410.4.  All samples were received in acceptable condition with any exceptions noted below.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: WETA/8276

A matrix spike and matrix spike duplicate (MS/MSD) were performed on the following sample(s):  3524641001

J(M1): Estimated Value. Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS)
recovery.

• MS  (Lab ID: 163023)

• Chemical Oxygen Demand

QC Batch: WETA/8365

A matrix spike and matrix spike duplicate (MS/MSD) were performed on the following sample(s):  3524910001

J(M1): Estimated Value. Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS)
recovery.

• MS  (Lab ID: 164825)

• Chemical Oxygen Demand

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

This data package has been reviewed for quality and completeness and is approved for release.
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ANALYTICAL RESULTS

Pace Project No.:

Project:

3524876

FDOH

Sample: DENIT-LS1 Lab ID: 3524876001 Collected: 01/13/11 08:00 Received: 01/14/11 07:00 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

2320B Alkalinity Analytical Method: SM 2320B

Alkalinity, Total as CaCO3 219 mg/L 1 01/18/11 20:185.0 5.0

2540C Total Dissolved Solids Analytical Method: SM 2540C

Total Dissolved Solids 640 mg/L 1 01/18/11 08:525.0 5.0

2540D Total Suspended Solids Analytical Method: SM 2540D

Total Suspended Solids 5.0U mg/L 1 01/17/11 09:165.0 5.0

5210B cBOD, 5 day Analytical Method: SM 5210B  Preparation Method: SM 5210B

Carbonaceous BOD, 5 day 3.0U mg/L 1.5 01/19/11 11:00 J(B2)01/14/11 08:023.0 3.0

300.0 IC Anions Analytical Method: EPA 300.0

Nitrate as N 21.5 mg/L 5 01/14/11 22:36 14797-55-80.25 0.12

Nitrite as N 0.12U mg/L 5 01/14/11 22:36 14797-65-00.25 0.12

Nitrogen, NO2 plus NO3 21.5 mg/L 5 01/14/11 22:360.25 0.12

300.0 IC Anions 28 Days Analytical Method: EPA 300.0

Sulfate 55.5 mg/L 2 01/14/11 15:07 14808-79-810.0 5.0

350.1 Ammonia Analytical Method: EPA 350.1

Nitrogen, Ammonia 0.020U mg/L 1 01/24/11 10:21 7664-41-70.050 0.020

351.2 Total Kjeldahl Nitrogen Analytical Method: EPA 351.2  Preparation Method: EPA 351.2

Nitrogen, Kjeldahl, Total 0.63 mg/L 1 01/20/11 12:30 7727-37-901/19/11 12:000.50 0.25

365.4 Phosphorus, Total Analytical Method: EPA 365.4  Preparation Method: EPA 365.4

Phosphorus, Total (as P) 5.2 mg/L 1 01/20/11 12:30 7723-14-001/19/11 12:000.10 0.050

410.4 COD Analytical Method: EPA 410.4

Chemical Oxygen Demand 20.5 I mg/L 1 01/25/11 09:5625.0 12.5
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ANALYTICAL RESULTS

Pace Project No.:

Project:

3524876

FDOH

Sample: UNSAT-EC3 Lab ID: 3524876002 Collected: 01/13/11 12:05 Received: 01/14/11 07:00 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

9222D Fecal Coliform Tampa Analytical Method: SM 9222D  Preparation Method: SM 9222D

Fecal Coliforms 12.0 CFU/100 mL 1 01/14/11 13:5501/13/11 15:401.0 1.0

2320B Alkalinity Analytical Method: SM 2320B

Alkalinity, Total as CaCO3 222 mg/L 1 01/20/11 12:175.0 5.0

2540C Total Dissolved Solids Analytical Method: SM 2540C

Total Dissolved Solids 914 mg/L 1 01/18/11 08:5210.0 10.0

2540D Total Suspended Solids Analytical Method: SM 2540D

Total Suspended Solids 5.0U mg/L 1 01/17/11 09:165.0 5.0

5210B cBOD, 5 day Analytical Method: SM 5210B  Preparation Method: SM 5210B

Carbonaceous BOD, 5 day 3.0U mg/L 1.5 01/19/11 11:00 J(B2)01/14/11 08:023.0 3.0

300.0 IC Anions Analytical Method: EPA 300.0

Nitrate as N 35.1 mg/L 10 01/14/11 22:49 14797-55-80.50 0.25

Nitrite as N 0.25U mg/L 10 01/14/11 22:49 14797-65-00.50 0.25

Nitrogen, NO2 plus NO3 35.1 mg/L 10 01/14/11 22:490.50 0.25

300.0 IC Anions 28 Days Analytical Method: EPA 300.0

Sulfate 64.4 mg/L 2 01/14/11 15:44 14808-79-810.0 5.0

350.1 Ammonia Analytical Method: EPA 350.1

Nitrogen, Ammonia 0.020U mg/L 1 01/24/11 10:23 7664-41-70.050 0.020

351.2 Total Kjeldahl Nitrogen Analytical Method: EPA 351.2  Preparation Method: EPA 351.2

Nitrogen, Kjeldahl, Total 0.42 I mg/L 1 01/20/11 12:32 7727-37-901/19/11 12:000.50 0.25

365.4 Phosphorus, Total Analytical Method: EPA 365.4  Preparation Method: EPA 365.4

Phosphorus, Total (as P) 5.6 mg/L 1 01/20/11 12:32 7723-14-001/19/11 12:000.10 0.050

410.4 COD Analytical Method: EPA 410.4

Chemical Oxygen Demand 16.2 I mg/L 1 01/25/11 09:5625.0 12.5
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ANALYTICAL RESULTS

Pace Project No.:

Project:

3524876

FDOH

Sample: PNRSII STE-T1 Lab ID: 3524876003 Collected: 01/13/11 13:30 Received: 01/14/11 07:00 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

9222D Fecal Coliform Tampa Analytical Method: SM 9222D  Preparation Method: SM 9222D

Fecal Coliforms 100 CFU/100 mL 100 01/14/11 13:5501/13/11 15:40100 100

2320B Alkalinity Analytical Method: SM 2320B

Alkalinity, Total as CaCO3 351 mg/L 1 01/20/11 12:415.0 5.0

2540C Total Dissolved Solids Analytical Method: SM 2540C

Total Dissolved Solids 570 mg/L 1 01/18/11 08:5210.0 10.0

2540D Total Suspended Solids Analytical Method: SM 2540D

Total Suspended Solids 15.5 mg/L 1 01/17/11 09:165.0 5.0

5210B cBOD, 5 day Analytical Method: SM 5210B  Preparation Method: SM 5210B

Carbonaceous BOD, 5 day 87.9 mg/L 1 01/19/11 11:0001/14/11 08:022.0 2.0

300.0 IC Anions Analytical Method: EPA 300.0

Nitrate as N 0.12U mg/L 5 01/14/11 15:56 14797-55-80.25 0.12

Nitrite as N 0.12U mg/L 5 01/14/11 15:56 14797-65-00.25 0.12

Nitrogen, NO2 plus NO3 0.12U mg/L 5 01/14/11 15:560.25 0.12

300.0 IC Anions 28 Days Analytical Method: EPA 300.0

Sulfate 17.6 I mg/L 5 01/14/11 15:56 14808-79-8 D325.0 12.5

350.1 Ammonia Analytical Method: EPA 350.1

Nitrogen, Ammonia 51.3 mg/L 5 01/24/11 10:27 7664-41-7 J(M1)0.25 0.10

351.2 Total Kjeldahl Nitrogen Analytical Method: EPA 351.2  Preparation Method: EPA 351.2

Nitrogen, Kjeldahl, Total 61.1 mg/L 1 01/20/11 12:55 7727-37-9 J(M1)01/19/11 12:002.0 1.0

365.4 Phosphorus, Total Analytical Method: EPA 365.4  Preparation Method: EPA 365.4

Phosphorus, Total (as P) 14.1 mg/L 1 01/20/11 12:55 7723-14-001/19/11 12:000.40 0.20

410.4 COD Analytical Method: EPA 410.4

Chemical Oxygen Demand 290 mg/L 2 01/27/11 19:2750.0 25.0
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3524876

FDOH

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

TAMP/2094

SM 9222D

SM 9222D

9222D MBIO Fecal Coliform Tampa

Associated Lab Samples: 3524876002, 3524876003

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 160318

Associated Lab Samples: 3524876002, 3524876003

Matrix: Water

Analyzed

Fecal Coliforms CFU/100 mL 1.0U 1.0 01/14/11 13:55

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3524876003

160319SAMPLE DUPLICATE:

Fecal Coliforms CFU/100 mL 100 0100

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, Inc..

Date: 01/28/2011 04:31 PM Page 20 of 37

Pace Analytical Services, Inc.

8 East Tower Circle

Ormond Beach, FL 32174

(386)672-5668



QUALITY CONTROL DATA

Pace Project No.:

Project:

3524876

FDOH

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WET/6874

SM 2320B

SM 2320B

2320B Alkalinity

Associated Lab Samples: 3524876001

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 160909

Associated Lab Samples: 3524876001

Matrix: Water

Analyzed

Alkalinity, Total as CaCO3 mg/L 5.0U 5.0 01/18/11 18:07

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

160910LABORATORY CONTROL SAMPLE:

LCSSpike

Alkalinity, Total as CaCO3 mg/L 250250 100 90-110

Parameter Units

MS

Result

% Rec

Limits Qualifiers% RecConc.

160912MATRIX SPIKE SAMPLE:

MSSpike

Result

3524769003

Alkalinity, Total as CaCO3 mg/L 407 J(M1)250 69 90-110234

Parameter Units

MS

Result

% Rec

Limits Qualifiers% RecConc.

160914MATRIX SPIKE SAMPLE:

MSSpike

Result

3524811002

Alkalinity, Total as CaCO3 mg/L 262 J(M1)250 74 90-11075.7

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3524769003

160911SAMPLE DUPLICATE:

Alkalinity, Total as CaCO3 mg/L 239 2 20234

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3524811002

160913SAMPLE DUPLICATE:

Alkalinity, Total as CaCO3 mg/L 73.4 3 2075.7

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, Inc..

Date: 01/28/2011 04:31 PM Page 21 of 37

Pace Analytical Services, Inc.

8 East Tower Circle

Ormond Beach, FL 32174

(386)672-5668



QUALITY CONTROL DATA

Pace Project No.:

Project:

3524876

FDOH

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WET/6901

SM 2320B

SM 2320B

2320B Alkalinity

Associated Lab Samples: 3524876002, 3524876003

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 161584

Associated Lab Samples: 3524876002, 3524876003

Matrix: Water

Analyzed

Alkalinity, Total as CaCO3 mg/L 5.0U 5.0 01/20/11 12:04

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

161585LABORATORY CONTROL SAMPLE:

LCSSpike

Alkalinity, Total as CaCO3 mg/L 241250 96 90-110

Parameter Units

MS

Result

% Rec

Limits Qualifiers% RecConc.

161587MATRIX SPIKE SAMPLE:

MSSpike

Result

3524876002

Alkalinity, Total as CaCO3 mg/L 479250 103 90-110222

Parameter Units

MS

Result

% Rec

Limits Qualifiers% RecConc.

161589MATRIX SPIKE SAMPLE:

MSSpike

Result

3524948001

Alkalinity, Total as CaCO3 mg/L 258250 100 90-1108.7

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3524876002

161586SAMPLE DUPLICATE:

Alkalinity, Total as CaCO3 mg/L 228 3 20222

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3524948001

161588SAMPLE DUPLICATE:

Alkalinity, Total as CaCO3 mg/L 8.7 .5 208.7
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3524876

FDOH

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WET/6855

SM 2540C

SM 2540C

2540C Total Dissolved Solids

Associated Lab Samples: 3524876001, 3524876002, 3524876003

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 160650

Associated Lab Samples: 3524876001, 3524876002, 3524876003

Matrix: Water

Analyzed

Total Dissolved Solids mg/L 5.0U 5.0 01/18/11 08:49

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

160651LABORATORY CONTROL SAMPLE:

LCSSpike

Total Dissolved Solids mg/L 287300 96 90-110

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3524866002

160652SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 258 8 20280

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3039900001

160653SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 93.0 6 2099.0
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3524876

FDOH

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WET/6841

SM 2540D

SM 2540D

2540D Total Suspended Solids

Associated Lab Samples: 3524876001, 3524876002, 3524876003

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 160506

Associated Lab Samples: 3524876001, 3524876002, 3524876003

Matrix: Water

Analyzed

Total Suspended Solids mg/L 5.0U 5.0 01/17/11 09:16

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

160507LABORATORY CONTROL SAMPLE:

LCSSpike

Total Suspended Solids mg/L 83.080 104 90-110

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3524809004

160508SAMPLE DUPLICATE:

Total Suspended Solids mg/L 5.0U 205.0U

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3524853001

160509SAMPLE DUPLICATE:

Total Suspended Solids mg/L 5.0U 205.0U
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3524876

FDOH

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WET/6832

SM 5210B

SM 5210B

5210B cBOD, 5 day

Associated Lab Samples: 3524876001, 3524876002, 3524876003

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 160371

Associated Lab Samples: 3524876001, 3524876002, 3524876003

Matrix: Water

Analyzed

Carbonaceous BOD, 5 day mg/L 2.0U 2.0 01/19/11 11:00

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

160372LABORATORY CONTROL SAMPLE:

LCSSpike

Carbonaceous BOD, 5 day mg/L 183198 92 85-115

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3524790001

160373SAMPLE DUPLICATE:

Carbonaceous BOD, 5 day mg/L 2.1 0 202.1
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3524876

FDOH

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WETA/8171

EPA 300.0

EPA 300.0

300.0 IC Anions

Associated Lab Samples: 3524876001, 3524876002, 3524876003

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 160412

Associated Lab Samples: 3524876001, 3524876002, 3524876003

Matrix: Water

Analyzed

Nitrate as N mg/L 0.025U 0.050 1p01/14/11 14:43

Nitrite as N mg/L 0.025U 0.050 1p01/14/11 14:43

Nitrogen, NO2 plus NO3 mg/L 0.025U 0.050 01/14/11 14:43

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

160413LABORATORY CONTROL SAMPLE:

LCSSpike

Nitrate as N mg/L 4.55 90 90-110

Nitrite as N mg/L 5.05 101 90-110

Nitrogen, NO2 plus NO3 mg/L 9.510 95 90-110

Parameter Units

MS

Result

% Rec

Limits Qual% RecConc.

160414MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike

Result

3524876001

160415

MSD

Result

MSD

% Rec RPD RPD

Max

MSDMS

Spike

Conc.

Nitrate as N mg/L 10 106 90-110106 .05 201021.5 32.1 32.0

Nitrite as N mg/L 10 103 90-110103 .05 20100.12U 10.3 10.3

Nitrogen, NO2 plus NO3 mg/L 20 105 90-110104 .05 202021.5 42.4 42.3

Parameter Units

MS

Result

% Rec

Limits Qual% RecConc.

160416MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike

Result

3039900003

160417

MSD

Result

MSD

% Rec RPD RPD

Max

MSDMS

Spike

Conc.

Nitrate as N mg/L 5 95 90-11095 .3 2050.27 5.0 5.0

Nitrite as N mg/L 5 107 90-110107 .006 205ND 5.4 5.4

Nitrogen, NO2 plus NO3 mg/L 10 101 90-110101 .1 20100.27 10.4 10.4
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3524876

FDOH

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WETA/8172

EPA 300.0

EPA 300.0

300.0 IC Anions

Associated Lab Samples: 3524876001, 3524876002, 3524876003

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 160418

Associated Lab Samples: 3524876001, 3524876002, 3524876003

Matrix: Water

Analyzed

Sulfate mg/L 2.5U 5.0 01/14/11 14:43

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

160419LABORATORY CONTROL SAMPLE:

LCSSpike

Sulfate mg/L 45.950 92 90-110

Parameter Units

MS

Result

% Rec

Limits Qual% RecConc.

160420MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike

Result

3524876001

160421

MSD

Result

MSD

% Rec RPD RPD

Max

MSDMS

Spike

Conc.

Sulfate mg/L 100 109 90-110109 .03 2010055.5 165 165

Parameter Units

MS

Result

% Rec

Limits Qual% RecConc.

160422MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike

Result

3039900003

160423

MSD

Result

MSD

% Rec RPD RPD

Max

MSDMS

Spike

Conc.

Sulfate mg/L 50 102 90-110102 .2 2050ND 55.8 55.9
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3524876

FDOH

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WETA/8258

EPA 350.1

EPA 350.1

350.1 Ammonia

Associated Lab Samples: 3524876001, 3524876002

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 162539

Associated Lab Samples: 3524876001, 3524876002

Matrix: Water

Analyzed

Nitrogen, Ammonia mg/L 0.020U 0.050 01/24/11 09:37

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

162540LABORATORY CONTROL SAMPLE:

LCSSpike

Nitrogen, Ammonia mg/L 1.11 105 90-110

Parameter Units

MS

Result

% Rec

Limits Qualifiers% RecConc.

162542MATRIX SPIKE SAMPLE:

MSSpike

Result

3524811002

Nitrogen, Ammonia mg/L 1.1 J(M1)1 112 90-1100.020U

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3524811002

162541SAMPLE DUPLICATE:

Nitrogen, Ammonia mg/L 0.020U 200.020U
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3524876

FDOH

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WETA/8259

EPA 350.1

EPA 350.1

350.1 Ammonia

Associated Lab Samples: 3524876003

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 162543

Associated Lab Samples: 3524876003

Matrix: Water

Analyzed

Nitrogen, Ammonia mg/L 0.020U 0.050 01/24/11 10:24

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

162544LABORATORY CONTROL SAMPLE:

LCSSpike

Nitrogen, Ammonia mg/L 1.11 106 90-110

Parameter Units

MS

Result

% Rec

Limits Qualifiers% RecConc.

162546MATRIX SPIKE SAMPLE:

MSSpike

Result

3524876003

Nitrogen, Ammonia mg/L 57.3 J(M1)5 119 90-11051.3

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3524876003

162545SAMPLE DUPLICATE:

Nitrogen, Ammonia mg/L 50.6 1 2051.3
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3524876

FDOH

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WETA/8206

EPA 351.2

EPA 351.2

351.2 TKN

Associated Lab Samples: 3524876001, 3524876002

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 161196

Associated Lab Samples: 3524876001, 3524876002

Matrix: Water

Analyzed

Nitrogen, Kjeldahl, Total mg/L 0.25U 0.50 01/20/11 12:06

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

161197LABORATORY CONTROL SAMPLE:

LCSSpike

Nitrogen, Kjeldahl, Total mg/L 21.220 106 90-110

Parameter Units

MS

Result

% Rec

Limits Qualifiers% RecConc.

161199MATRIX SPIKE SAMPLE:

MSSpike

Result

3524858002

Nitrogen, Kjeldahl, Total mg/L 28.3 J(M1)20 115 90-1105.4

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3524858002

161198SAMPLE DUPLICATE:

Nitrogen, Kjeldahl, Total mg/L 5.4 1 205.4
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3524876

FDOH

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WETA/8208

EPA 351.2

EPA 351.2

351.2 TKN

Associated Lab Samples: 3524876003

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 161206

Associated Lab Samples: 3524876003

Matrix: Water

Analyzed

Nitrogen, Kjeldahl, Total mg/L 0.25U 0.50 01/20/11 12:49

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

161207LABORATORY CONTROL SAMPLE:

LCSSpike

Nitrogen, Kjeldahl, Total mg/L 19.920 100 90-110

Parameter Units

MS

Result

% Rec

Limits Qualifiers% RecConc.

161209MATRIX SPIKE SAMPLE:

MSSpike

Result

3524876003

Nitrogen, Kjeldahl, Total mg/L 156 J(M1)80 118 90-11061.1

Parameter Units

MS

Result

% Rec

Limits Qualifiers% RecConc.

161380MATRIX SPIKE SAMPLE:

MSSpike

Result

3524989002

Nitrogen, Kjeldahl, Total mg/L 23.4 J(M1)20 114 90-1100.56

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3524876003

161208SAMPLE DUPLICATE:

Nitrogen, Kjeldahl, Total mg/L 61.2 .2 2061.1

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3524989002

161379SAMPLE DUPLICATE:

Nitrogen, Kjeldahl, Total mg/L 0.70 J(D6)22 200.56
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3524876

FDOH

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WETA/8207

EPA 365.4

EPA 365.4

365.4 Phosphorus

Associated Lab Samples: 3524876001, 3524876002

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 161200

Associated Lab Samples: 3524876001, 3524876002

Matrix: Water

Analyzed

Phosphorus, Total (as P) mg/L 0.050U 0.10 01/20/11 12:33

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

161201LABORATORY CONTROL SAMPLE:

LCSSpike

Phosphorus, Total (as P) mg/L 4.14 102 90-110

Parameter Units

MS

Result

% Rec

Limits Qualifiers% RecConc.

161203MATRIX SPIKE SAMPLE:

MSSpike

Result

3524858002

Phosphorus, Total (as P) mg/L 4.24 106 80-1200.050U

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3524858002

161202SAMPLE DUPLICATE:

Phosphorus, Total (as P) mg/L 0.050U 200.050U
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3524876

FDOH

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WETA/8209

EPA 365.4

EPA 365.4

365.4 Phosphorus

Associated Lab Samples: 3524876003

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 161211

Associated Lab Samples: 3524876003

Matrix: Water

Analyzed

Phosphorus, Total (as P) mg/L 0.050U 0.10 01/20/11 13:33

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

161212LABORATORY CONTROL SAMPLE:

LCSSpike

Phosphorus, Total (as P) mg/L 4.04 100 90-110

Parameter Units

MS

Result

% Rec

Limits Qualifiers% RecConc.

161214MATRIX SPIKE SAMPLE:

MSSpike

Result

3524876003

Phosphorus, Total (as P) mg/L 31.316 108 80-12014.1

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3524876003

161213SAMPLE DUPLICATE:

Phosphorus, Total (as P) mg/L 13.8 2 2014.1
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3524876

FDOH

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WETA/8276

EPA 410.4

EPA 410.4

410.4 COD

Associated Lab Samples: 3524876001, 3524876002

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 163020

Associated Lab Samples: 3524876001, 3524876002

Matrix: Water

Analyzed

Chemical Oxygen Demand mg/L 12.5U 25.0 01/25/11 09:56

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

163021LABORATORY CONTROL SAMPLE:

LCSSpike

Chemical Oxygen Demand mg/L 498500 100 90-110

Parameter Units

MS

Result

% Rec

Limits Qualifiers% RecConc.

163023MATRIX SPIKE SAMPLE:

MSSpike

Result

3524641001

Chemical Oxygen Demand mg/L 400 J(M1)500 75 90-11024.2 I

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3524641001

163022SAMPLE DUPLICATE:

Chemical Oxygen Demand mg/L 29.4 2024.2 I
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3524876

FDOH

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WETA/8365

EPA 410.4

EPA 410.4

410.4 COD

Associated Lab Samples: 3524876003

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 164822

Associated Lab Samples: 3524876003

Matrix: Water

Analyzed

Chemical Oxygen Demand mg/L 12.5U 25.0 01/27/11 19:27

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

164823LABORATORY CONTROL SAMPLE:

LCSSpike

Chemical Oxygen Demand mg/L 504500 101 90-110

Parameter Units

MS

Result

% Rec

Limits Qualifiers% RecConc.

164825MATRIX SPIKE SAMPLE:

MSSpike

Result

3524910001

Chemical Oxygen Demand mg/L 701 J(M1)500 86 90-110273

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3524910001

164824SAMPLE DUPLICATE:

Chemical Oxygen Demand mg/L 275 .9 20273
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QUALIFIERS

Pace Project No.:

Project:

3524876

FDOH

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to changes in sample preparation, dilution of
the sample aliquot, or moisture content.

ND - Not Detected at or above adjusted reporting limit.

MDL - Adjusted Method Detection Limit.

S - Surrogate

1,2-Diphenylhydrazine (8270 listed analyte) decomposes to Azobenzene.

Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.

LCS(D) - Laboratory Control Sample (Duplicate)

MS(D) - Matrix Spike (Duplicate)

DUP - Sample Duplicate

RPD - Relative Percent Difference

NC - Not Calculable.

SG - Silica Gel - Clean-Up

U - Indicates the compound was analyzed for, but not detected.

N-Nitrosodiphenylamine decomposes and cannot be separated from Diphenylamine using Method 8270.  The result reported for
each analyte is a combined concentration.

Pace Analytical is NELAP accredited. Contact your Pace PM for the current list of accredited analytes.

LABORATORIES

Pace Analytical Services - Ormond BeachPASI-O

Pace Analytical Services - TampaPASI-T

ANALYTE QUALIFIERS

The reported value is between the laboratory method detection limit and the laboratory practical quantitation limit. I

The recovery of the analyte in the CRDL standard (also known as the reporting limit verification) did not meet the
acceptance criteria.

1p

Sample was diluted due to the presence of high levels of non-target analytes or other matrix interference.D3

Estimated Value.  Oxygen usage is less than 2.0 for all dilutions set.  The reported value is an estimated less than value
and is calculated for the dilution using the most amount of sample.

J(B2)

Estimated Value. The relative percent difference (RPD) between the sample and sample duplicate exceeded laboratory
control limits.

J(D6)

Estimated Value. Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS)
recovery.

J(M1)
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Pace Project No.:

Project:

3524876

FDOH

Lab ID Sample ID QC Batch Method QC Batch Analytical Method

Analytical

Batch

3524876002 TAMP/2093 TAMP/2094UNSAT-EC3 SM 9222D SM 9222D

3524876003 TAMP/2093 TAMP/2094PNRSII STE-T1 SM 9222D SM 9222D

3524876001 WET/6874DENIT-LS1 SM 2320B

3524876002 WET/6901UNSAT-EC3 SM 2320B

3524876003 WET/6901PNRSII STE-T1 SM 2320B

3524876001 WET/6855DENIT-LS1 SM 2540C

3524876002 WET/6855UNSAT-EC3 SM 2540C

3524876003 WET/6855PNRSII STE-T1 SM 2540C

3524876001 WET/6841DENIT-LS1 SM 2540D

3524876002 WET/6841UNSAT-EC3 SM 2540D

3524876003 WET/6841PNRSII STE-T1 SM 2540D

3524876001 WET/6832 WET/6896DENIT-LS1 SM 5210B SM 5210B

3524876002 WET/6832 WET/6896UNSAT-EC3 SM 5210B SM 5210B

3524876003 WET/6832 WET/6896PNRSII STE-T1 SM 5210B SM 5210B

3524876001 WETA/8171DENIT-LS1 EPA 300.0

3524876002 WETA/8171UNSAT-EC3 EPA 300.0

3524876003 WETA/8171PNRSII STE-T1 EPA 300.0

3524876001 WETA/8172DENIT-LS1 EPA 300.0

3524876002 WETA/8172UNSAT-EC3 EPA 300.0

3524876003 WETA/8172PNRSII STE-T1 EPA 300.0

3524876001 WETA/8258DENIT-LS1 EPA 350.1

3524876002 WETA/8258UNSAT-EC3 EPA 350.1

3524876003 WETA/8259PNRSII STE-T1 EPA 350.1

3524876001 WETA/8206 WETA/8216DENIT-LS1 EPA 351.2 EPA 351.2

3524876002 WETA/8206 WETA/8216UNSAT-EC3 EPA 351.2 EPA 351.2

3524876003 WETA/8208 WETA/8218PNRSII STE-T1 EPA 351.2 EPA 351.2

3524876001 WETA/8207 WETA/8217DENIT-LS1 EPA 365.4 EPA 365.4

3524876002 WETA/8207 WETA/8217UNSAT-EC3 EPA 365.4 EPA 365.4

3524876003 WETA/8209 WETA/8219PNRSII STE-T1 EPA 365.4 EPA 365.4

3524876001 WETA/8276DENIT-LS1 EPA 410.4

3524876002 WETA/8276UNSAT-EC3 EPA 410.4

3524876003 WETA/8365PNRSII STE-T1 EPA 410.4
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January 25, 2011

LIMS USE: FR - JOSEFIN

LIMS OBJECT ID: 3524641

3524641

Project:

Pace Project No.:

RE:

Ms. Josefin Edebeck-Hirst
Hazen and Sawyer, P.C
10002 Princess Palm Avenue
Suite 200
Tampa, FL 33619

FDOH

Dear Ms. Edebeck-Hirst:

Enclosed are the analytical results for sample(s) received by the laboratory on January 11, 2011.
The results relate only to the samples included in this report.  Results reported herein conform to the
most current NELAC standards, where applicable, unless otherwise narrated in the body of the
report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Sakina Mckenzie

sakina.mckenzie@pacelabs.com
Project Manager

Enclosures
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CERTIFICATIONS

Pace Project No.:

Project:

3524641

FDOH

Ormond Beach Certification IDs
8 East Tower Circle, Ormond Beach, FL  32174
Alabama Certification #: 41320
Arizona Certification #: AZ0735
Colorado Certification: FL NELAC Reciprocity
Connecticut Certification #: PH 0216
Florida Certification #: E83079
Georgia Certification #: 955
Guam Certification: FL NELAC Reciprocity
Hawaii Certification: FL NELAC Reciprocity
Kansas Certification #: E-10383
Kentucky Certification #: 90050
Louisiana Certification #: LA090012
Louisiana Environmental Certificate #: 05007
Maine Certification #: FL1264
Massachusetts Certification #: M-FL1264

Michigan Certification #: 9911
Mississippi Certification: FL NELAC Reciprocity
Montana Certification #: Cert 0074
Nevada Certification: FL NELAC Reciprocity
New Hampshire Certification #: 2958
New Jersey Certification #: FL765
New York Certification #: 11608
North Carolina Environmental Certificate #: 667
North Carolina Certification #: 12710
Pennsylvania Certification #: 68-547
Puerto Rico Certification #: FL01264
Tennessee Certification #: TN02974
Texas Certification: FL NELAC Reciprocity
Virginia Certification #: 00432
Wyoming Certification: FL NELAC Reciprocity

Tampa Certification IDs
1209 Tech Boulevard, Ste 207, Tampa FL  33619 Florida Certification #: E84973
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SAMPLE SUMMARY

Pace Project No.:

Project:

3524641

FDOH

Lab ID Sample ID Matrix Date Collected Date Received

3524641001 UNSAT-IS3 Water 01/11/11 08:20 01/11/11 11:11

3524641002 UNSAT-IS4 Water 01/11/11 08:30 01/11/11 11:11
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SAMPLE ANALYTE COUNT

Pace Project No.:

Project:

3524641

FDOH

Lab ID Sample ID Method

Analytes

Reported LaboratoryAnalysts

3524641001 UNSAT-IS3 SM 9222D 1 PASI-TVRW

SM 2320B 1 PASI-OHEM

SM 2540C 1 PASI-OAIS

SM 2540D 1 PASI-OAIS

EPA 300.0 3 PASI-OKDM

EPA 300.0 1 PASI-OKDM

EPA 350.1 1 PASI-OAMD

EPA 351.2 1 PASI-OAMD

EPA 365.4 1 PASI-OAMD

EPA 410.4 1 PASI-OMMD

3524641002 UNSAT-IS4 SM 9222D 1 PASI-TVRW

SM 2320B 1 PASI-OHEM

SM 2540C 1 PASI-OAIS

SM 2540D 1 PASI-OAIS

EPA 300.0 3 PASI-OKDM

EPA 300.0 1 PASI-OKDM

EPA 350.1 1 PASI-OAMD

EPA 351.2 1 PASI-OAMD

EPA 365.4 1 PASI-OAMD

EPA 410.4 1 PASI-OMMD
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PROJECT NARRATIVE

Pace Project No.:

Project:

3524641

FDOH

Method:

Client: Hazen and Sawyer, P.C

SM 9222D

Date: January 25, 2011

Description: 9222D Fecal Coliform Tampa

General Information:

2 samples were analyzed for SM 9222D.  All samples were received in acceptable condition with any exceptions noted below.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with SM 9222D with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:

Project:

3524641

FDOH

Method:

Client: Hazen and Sawyer, P.C

SM 2320B

Date: January 25, 2011

Description: 2320B Alkalinity

General Information:

2 samples were analyzed for SM 2320B.  All samples were received in acceptable condition with any exceptions noted below.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

QC Batch: WET/6798

J(D6): Estimated Value. The relative percent difference (RPD) between the sample and sample duplicate exceeded laboratory
control limits.

• DUP  (Lab ID: 159341)

• Alkalinity, Total as CaCO3

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:

Project:

3524641

FDOH

Method:

Client: Hazen and Sawyer, P.C

SM 2540C

Date: January 25, 2011

Description: 2540C Total Dissolved Solids

General Information:

2 samples were analyzed for SM 2540C.  All samples were received in acceptable condition with any exceptions noted below.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:

Project:

3524641

FDOH

Method:

Client: Hazen and Sawyer, P.C

SM 2540D

Date: January 25, 2011

Description: 2540D Total Suspended Solids

General Information:

2 samples were analyzed for SM 2540D.  All samples were received in acceptable condition with any exceptions noted below.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:

Project:

3524641

FDOH

Method:

Client: Hazen and Sawyer, P.C

EPA 300.0

Date: January 25, 2011

Description: 300.0 IC Anions

General Information:

2 samples were analyzed for EPA 300.0.  All samples were received in acceptable condition with any exceptions noted below.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Q: Sample held beyond the accepted holding time.

• UNSAT-IS3  (Lab ID: 3524641001)

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: WETA/8130

A matrix spike and matrix spike duplicate (MS/MSD) were performed on the following sample(s):  3524702002,3524728001

J(M1): Estimated Value. Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS)
recovery.

• MS  (Lab ID: 159473)

• Orthophosphate as P

• MSD  (Lab ID: 159474)

• Orthophosphate as P

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

Analyte Comments:

QC Batch: WETA/8130

1p: The recovery of the analyte in the CRDL standard (also known as the reporting limit verification) did not meet the acceptance
criteria.

• BLANK  (Lab ID: 159471)

• Nitrite as N

• Nitrate as N
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PROJECT NARRATIVE

Pace Project No.:

Project:

3524641

FDOH

Method:

Client: Hazen and Sawyer, P.C

EPA 300.0

Date: January 25, 2011

Description: 300.0 IC Anions

Analyte Comments:

QC Batch: WETA/8130

1p: The recovery of the analyte in the CRDL standard (also known as the reporting limit verification) did not meet the acceptance
criteria.

• BLANK  (Lab ID: 159471)

• Orthophosphate as P

2p: The sample was analyzed within hold for nitrate, however, the result was above the instrument calibration range and required a
dilution.  The dilution concentration confirmed the initial analysis, however, the analysis was outside the method hold criteria.

• UNSAT-IS3  (Lab ID: 3524641001)

• Nitrate as N
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PROJECT NARRATIVE

Pace Project No.:

Project:

3524641

FDOH

Method:

Client: Hazen and Sawyer, P.C

EPA 300.0

Date: January 25, 2011

Description: 300.0 IC Anions 28 Days

General Information:

2 samples were analyzed for EPA 300.0.  All samples were received in acceptable condition with any exceptions noted below.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:

Project:

3524641

FDOH

Method:

Client: Hazen and Sawyer, P.C

EPA 350.1

Date: January 25, 2011

Description: 350.1 Ammonia

General Information:

2 samples were analyzed for EPA 350.1.  All samples were received in acceptable condition with any exceptions noted below.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:

Project:

3524641

FDOH

Method:

Client: Hazen and Sawyer, P.C

EPA 351.2

Date: January 25, 2011

Description: 351.2 Total Kjeldahl Nitrogen

General Information:

2 samples were analyzed for EPA 351.2.  All samples were received in acceptable condition with any exceptions noted below.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 351.2 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: WETA/8123

A matrix spike and matrix spike duplicate (MS/MSD) were performed on the following sample(s):  3524680001

J(M1): Estimated Value. Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS)
recovery.

• MS  (Lab ID: 159229)

• Nitrogen, Kjeldahl, Total

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:

Project:

3524641

FDOH

Method:

Client: Hazen and Sawyer, P.C

EPA 365.4

Date: January 25, 2011

Description: 365.4 Phosphorus, Total

General Information:

2 samples were analyzed for EPA 365.4.  All samples were received in acceptable condition with any exceptions noted below.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 365.4 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:

Project:

3524641

FDOH

Method:

Client: Hazen and Sawyer, P.C

EPA 410.4

Date: January 25, 2011

Description: 410.4 COD

General Information:

2 samples were analyzed for EPA 410.4.  All samples were received in acceptable condition with any exceptions noted below.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: WETA/8276

A matrix spike and matrix spike duplicate (MS/MSD) were performed on the following sample(s):  3524641001

J(M1): Estimated Value. Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS)
recovery.

• MS  (Lab ID: 163023)

• Chemical Oxygen Demand

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

This data package has been reviewed for quality and completeness and is approved for release.
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ANALYTICAL RESULTS

Pace Project No.:

Project:

3524641

FDOH

Sample: UNSAT-IS3 Lab ID: 3524641001 Collected: 01/11/11 08:20 Received: 01/11/11 11:11 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

9222D Fecal Coliform Tampa Analytical Method: SM 9222D  Preparation Method: SM 9222D

Fecal Coliforms 1.0U CFU/100 mL 1 01/12/11 11:3501/11/11 11:321.0 1.0

2320B Alkalinity Analytical Method: SM 2320B

Alkalinity, Total as CaCO3 280 mg/L 1 01/12/11 17:555.0 5.0

2540C Total Dissolved Solids Analytical Method: SM 2540C

Total Dissolved Solids 868 mg/L 1 01/13/11 09:3210.0 10.0

2540D Total Suspended Solids Analytical Method: SM 2540D

Total Suspended Solids 10.0 mg/L 1 01/13/11 09:145.0 5.0

300.0 IC Anions Analytical Method: EPA 300.0

Nitrate as N 31.3 mg/L 5 01/14/11 02:22 14797-55-8 2p,Q0.25 0.12

Nitrite as N 8.6 mg/L 2 01/12/11 12:02 14797-65-00.10 0.050

Orthophosphate as P 0.10U mg/L 2 01/12/11 12:020.20 0.10

300.0 IC Anions 28 Days Analytical Method: EPA 300.0

Sulfate 116 mg/L 2 01/12/11 12:02 14808-79-810.0 5.0

350.1 Ammonia Analytical Method: EPA 350.1

Nitrogen, Ammonia 1.1 mg/L 1 01/14/11 12:54 7664-41-70.050 0.020

351.2 Total Kjeldahl Nitrogen Analytical Method: EPA 351.2  Preparation Method: EPA 351.2

Nitrogen, Kjeldahl, Total 1.9 mg/L 1 01/13/11 12:54 7727-37-901/12/11 09:300.50 0.25

365.4 Phosphorus, Total Analytical Method: EPA 365.4  Preparation Method: EPA 365.4

Phosphorus, Total (as P) 0.050U mg/L 1 01/13/11 12:54 7723-14-001/12/11 09:300.10 0.050

410.4 COD Analytical Method: EPA 410.4

Chemical Oxygen Demand 24.2 I mg/L 1 01/25/11 09:56 J(M1)25.0 12.5
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ANALYTICAL RESULTS

Pace Project No.:

Project:

3524641

FDOH

Sample: UNSAT-IS4 Lab ID: 3524641002 Collected: 01/11/11 08:30 Received: 01/11/11 11:11 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

9222D Fecal Coliform Tampa Analytical Method: SM 9222D  Preparation Method: SM 9222D

Fecal Coliforms 1.0U CFU/100 mL 1 01/12/11 11:3501/11/11 11:321.0 1.0

2320B Alkalinity Analytical Method: SM 2320B

Alkalinity, Total as CaCO3 264 mg/L 1 01/12/11 18:025.0 5.0

2540C Total Dissolved Solids Analytical Method: SM 2540C

Total Dissolved Solids 637 mg/L 1 01/13/11 09:325.0 5.0

2540D Total Suspended Solids Analytical Method: SM 2540D

Total Suspended Solids 5.0U mg/L 1 01/13/11 09:145.0 5.0

300.0 IC Anions Analytical Method: EPA 300.0

Nitrate as N 0.050U mg/L 2 01/12/11 12:14 14797-55-80.10 0.050

Nitrite as N 0.050U mg/L 2 01/12/11 12:14 14797-65-00.10 0.050

Orthophosphate as P 3.3 mg/L 2 01/12/11 12:140.20 0.10

300.0 IC Anions 28 Days Analytical Method: EPA 300.0

Sulfate 119 mg/L 2 01/12/11 12:14 14808-79-810.0 5.0

350.1 Ammonia Analytical Method: EPA 350.1

Nitrogen, Ammonia 0.052 mg/L 1 01/14/11 12:58 7664-41-70.050 0.020

351.2 Total Kjeldahl Nitrogen Analytical Method: EPA 351.2  Preparation Method: EPA 351.2

Nitrogen, Kjeldahl, Total 1.0 mg/L 1 01/13/11 12:56 7727-37-901/12/11 09:300.50 0.25

365.4 Phosphorus, Total Analytical Method: EPA 365.4  Preparation Method: EPA 365.4

Phosphorus, Total (as P) 3.9 mg/L 1 01/13/11 12:56 7723-14-001/12/11 09:300.10 0.050

410.4 COD Analytical Method: EPA 410.4

Chemical Oxygen Demand 29.5 mg/L 1 01/25/11 09:5625.0 12.5
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3524641

FDOH

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

TAMP/2089

SM 9222D

SM 9222D

9222D MBIO Fecal Coliform Tampa

Associated Lab Samples: 3524641001, 3524641002

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 159216

Associated Lab Samples: 3524641001, 3524641002

Matrix: Water

Analyzed

Fecal Coliforms CFU/100 mL 1.0U 1.0 01/12/11 11:35
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3524641

FDOH

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WET/6798

SM 2320B

SM 2320B

2320B Alkalinity

Associated Lab Samples: 3524641001, 3524641002

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 159337

Associated Lab Samples: 3524641001, 3524641002

Matrix: Water

Analyzed

Alkalinity, Total as CaCO3 mg/L 5.0U 5.0 01/12/11 15:31

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

159338LABORATORY CONTROL SAMPLE:

LCSSpike

Alkalinity, Total as CaCO3 mg/L 250250 100 90-110

Parameter Units

MS

Result

% Rec

Limits Qualifiers% RecConc.

159340MATRIX SPIKE SAMPLE:

MSSpike

Result

3524583002

Alkalinity, Total as CaCO3 mg/L 608250 90 90-110383

Parameter Units

MS

Result

% Rec

Limits Qualifiers% RecConc.

159342MATRIX SPIKE SAMPLE:

MSSpike

Result

3524595003

Alkalinity, Total as CaCO3 mg/L 650250 104 90-110391

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3524583002

159339SAMPLE DUPLICATE:

Alkalinity, Total as CaCO3 mg/L 377 2 20383

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3524595003

159341SAMPLE DUPLICATE:

Alkalinity, Total as CaCO3 mg/L 513 J(D6)27 20391
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3524641

FDOH

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WET/6807

SM 2540C

SM 2540C

2540C Total Dissolved Solids

Associated Lab Samples: 3524641001, 3524641002

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 159657

Associated Lab Samples: 3524641001, 3524641002

Matrix: Water

Analyzed

Total Dissolved Solids mg/L 5.0U 5.0 01/13/11 09:29

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

159658LABORATORY CONTROL SAMPLE:

LCSSpike

Total Dissolved Solids mg/L 298300 99 90-110

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3524669001

159659SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 348 3 20338

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3524677004

159660SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 1670 4 201730
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3524641

FDOH

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WET/6808

SM 2540D

SM 2540D

2540D Total Suspended Solids

Associated Lab Samples: 3524641001, 3524641002

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 159663

Associated Lab Samples: 3524641001, 3524641002

Matrix: Water

Analyzed

Total Suspended Solids mg/L 5.0U 5.0 01/13/11 09:14

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

159664LABORATORY CONTROL SAMPLE:

LCSSpike

Total Suspended Solids mg/L 85.080 106 90-110

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3524618002

159665SAMPLE DUPLICATE:

Total Suspended Solids mg/L 5.0U 205.0U

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3524641001

159666SAMPLE DUPLICATE:

Total Suspended Solids mg/L 9.0 11 2010.0
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3524641

FDOH

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WETA/8130

EPA 300.0

EPA 300.0

300.0 IC Anions

Associated Lab Samples: 3524641001, 3524641002

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 159471

Associated Lab Samples: 3524641001, 3524641002

Matrix: Water

Analyzed

Nitrate as N mg/L 0.025U 0.050 1p01/12/11 09:37

Nitrite as N mg/L 0.025U 0.050 1p01/12/11 09:37

Orthophosphate as P mg/L 0.050U 0.10 1p01/12/11 09:37

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

159472LABORATORY CONTROL SAMPLE:

LCSSpike

Nitrate as N mg/L 4.85 97 90-110

Nitrite as N mg/L 4.95 98 90-110

Orthophosphate as P mg/L 9.810 98 90-110

Parameter Units

MS

Result

% Rec

Limits Qual% RecConc.

159473MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike

Result

3524702002

159474

MSD

Result

MSD

% Rec RPD RPD

Max

MSDMS

Spike

Conc.

Nitrate as N mg/L 5 91 90-11091 .3 2050.025U 4.5 4.6

Nitrite as N mg/L 5 91 90-11091 .05 2050.025U 4.6 4.6

Orthophosphate as P mg/L J(M1)10 89 90-11089 .3 20100.050U 8.9 8.9

Parameter Units

MS

Result

% Rec

Limits Qual% RecConc.

159475MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike

Result

3524728001

159476

MSD

Result

MSD

% Rec RPD RPD

Max

MSDMS

Spike

Conc.

Nitrate as N mg/L 5 94 90-11095 .08 2050.025U 4.7 4.7

Nitrite as N mg/L 5 96 90-11096 .05 2050.025U 4.8 4.8

Orthophosphate as P mg/L 10 94 90-11095 .1 20100.58 10.0 10.0
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3524641

FDOH

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WETA/8132

EPA 300.0

EPA 300.0

300.0 IC Anions

Associated Lab Samples: 3524641001, 3524641002

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 159484

Associated Lab Samples: 3524641001, 3524641002

Matrix: Water

Analyzed

Sulfate mg/L 2.5U 5.0 01/12/11 09:37

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

159485LABORATORY CONTROL SAMPLE:

LCSSpike

Sulfate mg/L 47.650 95 90-110

Parameter Units

MS

Result

% Rec

Limits Qual% RecConc.

159486MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike

Result

3524702002

159487

MSD

Result

MSD

% Rec RPD RPD

Max

MSDMS

Spike

Conc.

Sulfate mg/L 50 91 90-11091 .03 20503.4 I 48.7 48.7

Parameter Units

MS

Result

% Rec

Limits Qual% RecConc.

159713MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike

Result

3524728001

159714

MSD

Result

MSD

% Rec RPD RPD

Max

MSDMS

Spike

Conc.

Sulfate mg/L 50 92 90-11092 .01 20502.5U 46.4 46.4
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3524641

FDOH

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WETA/8153

EPA 350.1

EPA 350.1

350.1 Ammonia

Associated Lab Samples: 3524641001, 3524641002

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 160050

Associated Lab Samples: 3524641001, 3524641002

Matrix: Water

Analyzed

Nitrogen, Ammonia mg/L 0.020U 0.050 01/14/11 12:48

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

160051LABORATORY CONTROL SAMPLE:

LCSSpike

Nitrogen, Ammonia mg/L 1.01 104 90-110

Parameter Units

MS

Result

% Rec

Limits Qualifiers% RecConc.

160053MATRIX SPIKE SAMPLE:

MSSpike

Result

3524641001

Nitrogen, Ammonia mg/L 2.11 101 90-1101.1

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3524641001

160052SAMPLE DUPLICATE:

Nitrogen, Ammonia mg/L 1.1 1 201.1

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, Inc..

Date: 01/25/2011 01:53 PM Page 24 of 29

Pace Analytical Services, Inc.

8 East Tower Circle

Ormond Beach, FL 32174

(386)672-5668



QUALITY CONTROL DATA

Pace Project No.:

Project:

3524641

FDOH

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WETA/8123

EPA 351.2

EPA 351.2

351.2 TKN

Associated Lab Samples: 3524641001, 3524641002

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 159226

Associated Lab Samples: 3524641001, 3524641002

Matrix: Water

Analyzed

Nitrogen, Kjeldahl, Total mg/L 0.25U 0.50 01/13/11 12:31

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

159227LABORATORY CONTROL SAMPLE:

LCSSpike

Nitrogen, Kjeldahl, Total mg/L 20.920 104 90-110

Parameter Units

MS

Result

% Rec

Limits Qualifiers% RecConc.

159229MATRIX SPIKE SAMPLE:

MSSpike

Result

3524680001

Nitrogen, Kjeldahl, Total mg/L 25.6 J(M1)20 113 90-1103.1

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3524680001

159228SAMPLE DUPLICATE:

Nitrogen, Kjeldahl, Total mg/L 3.0 2 203.1
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3524641

FDOH

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WETA/8124

EPA 365.4

EPA 365.4

365.4 Phosphorus

Associated Lab Samples: 3524641001, 3524641002

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 159230

Associated Lab Samples: 3524641001, 3524641002

Matrix: Water

Analyzed

Phosphorus, Total (as P) mg/L 0.050U 0.10 01/13/11 13:11

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

159231LABORATORY CONTROL SAMPLE:

LCSSpike

Phosphorus, Total (as P) mg/L 4.04 100 90-110

Parameter Units

MS

Result

% Rec

Limits Qualifiers% RecConc.

159233MATRIX SPIKE SAMPLE:

MSSpike

Result

3524680001

Phosphorus, Total (as P) mg/L 4.84 107 80-1200.50

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3524680001

159232SAMPLE DUPLICATE:

Phosphorus, Total (as P) mg/L 0.49 3 200.50
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3524641

FDOH

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WETA/8276

EPA 410.4

EPA 410.4

410.4 COD

Associated Lab Samples: 3524641001, 3524641002

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 163020

Associated Lab Samples: 3524641001, 3524641002

Matrix: Water

Analyzed

Chemical Oxygen Demand mg/L 12.5U 25.0 01/25/11 09:56

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

163021LABORATORY CONTROL SAMPLE:

LCSSpike

Chemical Oxygen Demand mg/L 498500 100 90-110

Parameter Units

MS

Result

% Rec

Limits Qualifiers% RecConc.

163023MATRIX SPIKE SAMPLE:

MSSpike

Result

3524641001

Chemical Oxygen Demand mg/L 400 J(M1)500 75 90-11024.2 I

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3524641001

163022SAMPLE DUPLICATE:

Chemical Oxygen Demand mg/L 29.4 2024.2 I
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QUALIFIERS

Pace Project No.:

Project:

3524641

FDOH

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to changes in sample preparation, dilution of
the sample aliquot, or moisture content.

ND - Not Detected at or above adjusted reporting limit.

MDL - Adjusted Method Detection Limit.

S - Surrogate

1,2-Diphenylhydrazine (8270 listed analyte) decomposes to Azobenzene.

Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.

LCS(D) - Laboratory Control Sample (Duplicate)

MS(D) - Matrix Spike (Duplicate)

DUP - Sample Duplicate

RPD - Relative Percent Difference

NC - Not Calculable.

SG - Silica Gel - Clean-Up

U - Indicates the compound was analyzed for, but not detected.

N-Nitrosodiphenylamine decomposes and cannot be separated from Diphenylamine using Method 8270.  The result reported for
each analyte is a combined concentration.

Pace Analytical is NELAP accredited. Contact your Pace PM for the current list of accredited analytes.

LABORATORIES

Pace Analytical Services - Ormond BeachPASI-O

Pace Analytical Services - TampaPASI-T

ANALYTE QUALIFIERS

The reported value is between the laboratory method detection limit and the laboratory practical quantitation limit. I

The recovery of the analyte in the CRDL standard (also known as the reporting limit verification) did not meet the
acceptance criteria.

1p

The sample was analyzed within hold for nitrate, however, the result was above the instrument calibration range and
required a dilution.  The dilution concentration confirmed the initial analysis, however, the analysis was outside the
method hold criteria.

2p

Estimated Value. The relative percent difference (RPD) between the sample and sample duplicate exceeded laboratory
control limits.

J(D6)

Estimated Value. Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS)
recovery.

J(M1)

Sample held beyond the accepted holding time.Q
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Pace Project No.:

Project:

3524641

FDOH

Lab ID Sample ID QC Batch Method QC Batch Analytical Method

Analytical

Batch

3524641001 TAMP/2088 TAMP/2089UNSAT-IS3 SM 9222D SM 9222D

3524641002 TAMP/2088 TAMP/2089UNSAT-IS4 SM 9222D SM 9222D

3524641001 WET/6798UNSAT-IS3 SM 2320B

3524641002 WET/6798UNSAT-IS4 SM 2320B

3524641001 WET/6807UNSAT-IS3 SM 2540C

3524641002 WET/6807UNSAT-IS4 SM 2540C

3524641001 WET/6808UNSAT-IS3 SM 2540D

3524641002 WET/6808UNSAT-IS4 SM 2540D

3524641001 WETA/8130UNSAT-IS3 EPA 300.0

3524641002 WETA/8130UNSAT-IS4 EPA 300.0

3524641001 WETA/8132UNSAT-IS3 EPA 300.0

3524641002 WETA/8132UNSAT-IS4 EPA 300.0

3524641001 WETA/8153UNSAT-IS3 EPA 350.1

3524641002 WETA/8153UNSAT-IS4 EPA 350.1

3524641001 WETA/8123 WETA/8139UNSAT-IS3 EPA 351.2 EPA 351.2

3524641002 WETA/8123 WETA/8139UNSAT-IS4 EPA 351.2 EPA 351.2

3524641001 WETA/8124 WETA/8140UNSAT-IS3 EPA 365.4 EPA 365.4

3524641002 WETA/8124 WETA/8140UNSAT-IS4 EPA 365.4 EPA 365.4

3524641001 WETA/8276UNSAT-IS3 EPA 410.4

3524641002 WETA/8276UNSAT-IS4 EPA 410.4

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, Inc..

Date: 01/25/2011 01:53 PM Page 29 of 29

Pace Analytical Services, Inc.

8 East Tower Circle

Ormond Beach, FL 32174

(386)672-5668







 

 

OTIS 
ENVIRONMENTAL 

CONSULTANTS, LLC 

In association with 

  

  

  

  

  

  

Florida Onsite Sewage Nitrogen Reduction 
Strategies Study 
 

Task A.26 

PNRS II Test Facility Data Summary Report No. 5 

Progress Report 

April 2011 



Florida Onsite Sewage Nitrogen 
Reduction Strategies Study 

 
 

TASK A.26 
PROGRESS REPORT 

 
PNRS II Test Facility 

Data Summary Report No. 5 
 
 

Prepared for: 
 

Florida Department of Health 
Division of Environmental Health 

Bureau of Onsite Sewage Programs 
4042 Bald Cypress Way Bin #A-08 

Tallahassee, FL  32399-1713 
 

FDOH Contract CORCL 
 

April 2011 
 
 

Prepared by: 
 

 
 
 

In Association With: 
 

 



o:
\4

42
37

-0
01

R
00

4\
W

pd
oc

s\
R

ep
or

t\F
in

al
 

 

 April 2011 

FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY PAGE 1-1 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 5 HAZEN AND SAWYER, P.C. 

PNRS II Test Facility 
Data Summary Report No. 5 

1.0 Background 
Task A of the Florida Onsite Sewage Nitrogen Reduction Strategies Study includes the 
evaluation of passive treatment systems to remove nitrogen from septic tank effluent. 
The Passive Nitrogen Removal Study II (PNRS II) is a follow-up to the previous experi-
mental evaluations of passive nitrogen removal technologies conducted in Passive Ni-
trogen Removal Study I. The objective of the PNRS II study is to extend the field pilot 
testing of the two-stage biofiltration process that was initiated in PNRS I.  A unique test 
facility was constructed for the purpose of this evaluation. The Task A.15 PNRS II Quali-
ty Assurance Project Plan (QAPP) documents the objectives, experimental biofiltration 
systems, monitoring framework, sample frequency and duration, and analytical methods 
to be used at the PNRS II Test Facility.  

2.0 Purpose 
This data summary report documents data that was collected in the PNRS II monitoring 
and sampling event which was conducted March 17, 2011.   The corresponding sample 
event report was submitted as Sample Event Report No. 5, April 2011, as a deliverable 
under Task A.25.  The monitoring event consisted of an assessment and evaluation of 
PNRS II operation, measurement of flowrates for all systems and flowrate adjustment if 
warranted, measurement of field parameters, collection of biofilter influent and effluent 
samples, and their analyses in a NELAC certified laboratory. 

3.0 Materials and Methods 

3.1 Project Site 
The PNRS II Test Facility is located at the University of Florida Gulf Coast Research and 
Education Center (GCREC) in southeast Hillsborough County, Florida. The specially de-
signed facility enables the simultaneous operation and performance testing of numerous 
biofilter treatment trains in parallel using the same wastewater source.  The source of 
the influent wastewater is the septic tank effluent from the existing onsite wastewater 
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system serving the GCREC.  Details of the design and construction of the PNRS II test 
facility were presented previously in Task A.17, A.18, A.19 and A.24 documents.   

3.2 Modifications of PNRS II Systems 
The results of Sample Event No. 1 through 4 and careful observation of PNRS II sys-
tems were used to formulate recommendations for modifications to the test systems at 
the GCREC pilot facility.  The modifications that were made following Sample Event No. 
4 are presented in this section.  All recommendations were based on the overall goal of 
PNRS II: to provide functional specifications for modular biofiltration components for 
passive onsite nitrogen reducing wastewater treatment systems.  

3.2.1 Lignocellulosic Containing Biofilters (DENIT-LS1, DENIT-LS2, DENIT-LS3, 
DENIT-LS4, UNSAT-IS1, UNSAT-IS2, UNSAT-IS3 and UNSAT-IS4) 

The media within all the biofilters containing lignocellulosic media was replaced with new 
lignocellulosic material from a different source. The new lignocellulosic material was 
composed of sawdust and woodchip material (1-5 mm) originating from interior sections 
of Southern Yellow Pine and did not include bark; it was produced by sawing operations 
at a Florida sawmill.  The one horizontal and three upflow denitrification biofilters con-
taining lignocellulosic media were rebuilt using the same configurations and media per-
centages as previous. The four in-situ simulator biofilters were rebuilt in different configu-
rations as discussed in the next section.  

3.2.2 In-situ Simulator Biofilters (UNSAT-IS1, UNSAT-IS2, UNSAT-IS3 and UNSAT-
IS4) 

All in-situ simulator biofilters were rebuilt with revised media configurations and the new 
lignocellulosic media.  The new media configurations will assist in optimizing the design 
for PNRS II mini-mounds and in-tank vertical flow biofilters featuring unsaturated media 
overlying saturated media.  The four in-situ biofilters were each rebuilt with a similar con-
figuration of four media layers over a total media depth of 30 in.  The three bottom layers 
of all in situ biofilters were identical: a 12-inch mixture of 60 percent expanded clay 
(1.53-3 mm) and 40 percent lignocellulosic media underlain by a 2-inch layer of pea gra-
vel, underlain in turn by a 4-inch layer of elemental sulfur pastille.  The media configura-
tion in the upper 12 in. differs in each in-situ biofilter. The new top layer media configura-
tions are: 

 
o UNSAT-IS1 

 4” Torpedo Sand (0.4 - 2 mm) 
 8” Fine Sand (0.10 – 0.25 mm) 



o:
\4

42
37

-0
01

R
00

4\
W

pd
oc

s\
R

ep
or

t\F
in

al
 

 

 April 2011 

FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY PAGE 1-3 
PNRS II TEST FACILITY DATA SUJMMARY REPORT NO. 5 HAZEN AND SAWYER, P.C. 

o UNSAT-IS2 
 4” Expanded Clay (1.53 mm – 3.175 mm) 
 8” Expanded Clay 1/8 as received (<3.175 mm) 

o UNSAT-IS3 
 4” Clinoptilolite 8x14 (1.4 - 2.38 mm) 
 8” Clinoptilolite 16x50 (0.3 - 1.2 mm) 

o UNSAT-IS4 
 4” Torpedo Sand (0.4 - 2 mm) 
 8” Fine Sand (0.10 – 0.25 mm) 

The influent supplied to the in-situ biofilter array and surface loading rates were also 
changed. Influent to IS2 was changed to STE and IS4 influent was changed to nitrified 
effluent from single pass UNSAT-CL3. Influent to IS1 and IS3 are STE.  The target sur-
face loading rates to In-situ biofilters were 0.80 gal/ft2-day to In-Situ 1, 3 and 4 and 1.2 
gal/ft2-day to In-situ 2.  The dosing cycle was changed from 4 hour (6 dose/day) dosing 
cycle to 24 hour (24 dose/day) for all in-situ units. Sample ports were installed in IS1 and 
IS2 in the pea gravel separating the expanded clay & lignocellulosic mixture from the 
sulfur layer to enable sampling after treatment in the lignocellulosic layer but before the 
sulfur layer. 

3.3 Monitoring and Sampling Locations and Identification 
A schematic of the PNRS II test facility is shown in Figure 1.  Septic tank effluent (STE) 
from GCREC is pumped from PNRS II-STE-T1 into the PNRS II systems through five 
points of entry: Hydro-1, Hydro-2, UNSAT-IS-1, UNSAT-IS-2 and UNSAT-IS3.  PNRS II 
biofilters are grouped into the four types of systems shown in Figure 1, Group I, II, III and 
IV systems.  The nomenclature and reactor/sample identification used for the PNRS II 
test facility sampling events are listed in Table 1. The sample designations listed in Ta-
ble 1 also largely correspond to the locations at which flow volumes are measured in 
each sample event. 
  



o:
\4

42
37

-0
01

R
00

4\
W

pd
oc

s\
R

ep
or

t\F
in

al
 

 

 April 2011 

FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY PAGE 1-4 
PNRS II TEST FACILITY DATA SUJMMARY REPORT NO. 5 HAZEN AND SAWYER, P.C. 

Figure 1 
PNRS II Test Facility System Schematic 
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Table 1 
PNRS II Sample Identification 

Group (Figure 1) Sample Location Sample Identification 
 STE PNRS II Storage Tank 1 PNRS II-STE-T1 

I 

Stage 1 Single Pass Biofilters 

UNSAT-EC1 
UNSAT-EC3 
UNSAT-CL1 
UNSAT-CL3 

Stage 2 Single Pass Upflow Biofilters 

DENIT-SU4 
DENIT-LS3 
DENIT-SU3 
DENIT-LS2 
DENIT-LS4 

II 

Recirculation Tanks 

RC1 
RC2 
RC3 
RC4 
RC5 

Stage 1 Recirculating Biofilters 

UNSAT-SA2 
UNSAT-EC4 
UNSAT-CL2 
UNSAT-CL4 
UNSAT-PS1 

Pump 15 Tank P15-T 

III 

Denite Feed Collection Tank DFT 

Stage 2 Horizontal Biofilters 

UNSAT-SU1 
UNSAT-SU2 
UNSAT-LS1 
UNSAT-GL1 

IV 

In-Situ In-Tank Simulator Single Pass Biofilter 

UNSAT-IS1 
UNSAT-IS2 
UNSAT-IS3 
UNSAT-IS4 

In-Situ In-Tank Simulator Single Pass Biofilter 
Sample Port 
(above SU layer) 

UNSAT-IS1-SP 
UNSAT-IS2-SP 
UNSAT-IS3-SP 
UNSAT-IS4-SP 
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3.4 Operational Monitoring 
Start-up of the PNRS II test facility occurred on May 17, 2010 and all systems have op-
erated continually since that time.  The entire facility operation is checked at least once 
per week and a detailed log of operational observations and activities is maintained.  
The programmable logic controller (PLC) which controls many of the dosing and pump 
controls also records pump run times and flow data from flow meters at the facility, and 
these data can provide useful insight on facility operations. 

3.5 Water Quality Sample Collection and Analyses  
Influent and effluent water quality samples from the PNRS II test systems for Sample 
Event 5 were collected March 17, 2011.  A sample of STE was collected from the feed 
line connecting STE Storage Tank 1 (PNRS II-STE-T1) to Hydrosplitter 1 which supplies 
STE to the single pass Stage 1 biofilters (Figure 1).  A manual dose event was initiated 
on the control panel until sufficient STE sample volume was collected in a clean sample 
container.  Stage 1, 2, and in-situ simulator biofilter and recirculation tank effluents were 
each sampled by directing the entire flow from the biofilter into a large, clean sample 
container over a period of time sufficient to obtain the desired sample volume (approx-
imately 3.5 liters).  Sample containers were immediately placed in coolers on ice prior to 
subdivision of the composited sample.   
 
The composite samples in the 3.5 liter sample containers were then subdivided into 
analysis-specific sample containers.  The analysis-specific containers were supplied by 
the analytical laboratory and contained appropriate preservatives.  The analysis-specific 
containers were labeled, placed in coolers and transported on ice to the analytical labor-
atory. Each sample container was secured in packing material as appropriate to prevent 
damage and spills, and was recorded on chain-of-custody forms supplied by the labora-
tory.  Chain of custody forms, provided in Appendix D, were used to document the trans-
fer of samples from field personnel to the analytical laboratory.  One chain of custody 
form was filled out for each set of samples and placed inside the cooler. 
 
Equipment blank, field blank, and field sample duplicates were taken.  The equipment 
blank was collected using a previously cleaned STE sample collection bottle.  The bottle 
was filled with distilled water provided by the laboratory and allowed to sit for eight mi-
nutes. The sample containers were then analyzed for the same parameters as the sam-
ples. The field blank was collected by filling sample containers with distilled water that 
had been transported from the laboratory into the field along with other sample contain-
ers.  The field sample duplicates were collected immediately subsequent to the regular 
samples from the same composite sample.  The duplicate sample containers for this 
event were filled with PNRS II T1-STE effluent, DENIT-SU4 effluent, DENIT-LS2 efflu-
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ent, and DENIT-LS4 effluent. Additionally, laboratory split samples were collected imme-
diately subsequent to the regular samples from the same composite sample. The labora-
tory split sample containers for this event were filled with PNRS II T1-STE effluent and 
UNSAT-IS2 effluent.   
 
Field parameters were measured using portable electronic probes and included temper-
ature (Temp), dissolved oxygen (DO), oxidation-reduction potential (ORP), pH, and spe-
cific conductance. Temperature (Temp), dissolved oxygen (DO), and oxidation-reduction 
potential (ORP) were measured with probe tips placed in flow through samplers located 
directly in the outlet pipe at each sample location.  Specific conductance and pH were 
measured using external sample collection reservoirs.  Field parameter results are listed 
in Appendix B. The influent and effluent samples were analyzed by the laboratory for: 
total alkalinity, total Kjeldahl nitrogen (TKN-N), ammonia nitrogen (NH3-N), nitrate nitro-
gen, (NO3-N), nitrite nitrogen (NO2-N), carbonaceous biochemical oxygen demand 
(CBOD5), total dissolved solids (TDS), total suspended solids (TSS), chemical oxygen 
demand (COD), and orthophosphate (PO4).  For some of the denitrification biofilters con-
taining elemental sulfur media, influent and effluent sample analyses were also con-
ducted for sulfate (SO4) and hydrogen sulfide (H2S).  Table 2 lists the analytical parame-
ters, analytical methods, and detection limits for these analyses. 
 

Table 2 
Analytical Parameters, Method of Analysis, and Detection Limits 

Analytical Parameter Method of Analysis Laboratory Detection Limit 
(mg/L) 

Total Alkalinity as CaCO3 SM 2320B 2 mg/L 
Total Kjeldahl Nitrogen (TKN-N) EPA351.2 0.05 mg/L 
Ammonia Nitrogen (NH3-N) EPA350.1 0.01 mg/L 
Nitrate/Nitrite Nitrogen (NOX-N) EPA353.2 0.01 mg/L 
Carbonaceous BOD (CBOD5) SM 5210B 2 mg/L 
Total Dissolved Solids (TDS) SM 2540C 10 mg/L 
Total Suspended Solids (TSS) SM 2540D 1 mg/L 
Chemical Oxygen Demand (COD) EPA 410.4 10 mg/L 
Orthophosphate as P EPA 300.0 0.01 mg/L 
Total Phosphorus (TP) SM 4500PE 0.01 mg/L 
Fecal Coliform (fecal) SM9222D 1 ct/100mL 
Sulfate (SO4) EPA300.0 0.2 mg/L 
Hydrogen Sulfide Unionized (H2S) SM4500S F 0.01 mg/L 
Sulfide SM4500S F 0.1 mg/L 
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3.6 Flow Monitoring  
Flow rates for all PNRS II systems were calibrated at initial start-up.  The flow rates are 
then measured and recorded at each sampling event and adjusted as necessary to 
maintain flow rates consistent with the experimental design following the sampling event.  
Flow volumes are measured just after sampling and field analyses and represent the 
flow rates in effect during the water quality monitoring.  Flow rates are then adjusted as 
necessary to correspond to the target flow rates in the experimental design. For this 
Sampling Event, influent flow volumes were measured on March 23, 2011 and reported 
in the Sampling Event No. 5 Report. Flow monitoring results are presented in Appendix 
C. 

4.0 Results and Discussion  

4.1 Operational Monitoring  
Start up of the PNRS II test facility occurred on May 17, 2010.  The test systems have 
been operated continuously since the May 17th start up, with the exception of occasional 
power interruptions or outages (see operation and maintenance log).  The power inter-
ruptions were of relatively short duration. For the most part, operation of the pilot biofil-
ters was fully and automatically resumed when power was restored. The only exceptions 
are the three peristaltic pumps: Pump 5 which supplies the two In-Situ simulators UN-
SAT-IS1 and IS2, Pump 10 which supplies the two column In-Situ simulators UNSAT-
IS3 and IS4, and Pump 11 which supplies the four horizontal flow denitrification biofil-
ters.  Initially, the peristaltic pumps displayed an error message and required manual 
restarting upon disruption of the power supply; their off times were somewhat longer 
than the other system pumps.  The peristaltic pump settings were saved through the 
power outage, and the same pump operation was resumed once the error code was ac-
knowledged. The peristaltic pumps have since been reprogrammed to start automatically 
in the event of temporary discontinuance of the power supply.  Appendix A provides the 
operation and maintenance log which includes actions taken since start-up. Appendix B 
provides summary tables of the PLC recorded data of daily runtimes and flows for the 
test facility between January 13th and March 16th (Day 241 through Day 303 since start-
up) used to check general pump operation and performance.  
 
The recycle rates to the recirculating systems are monitored and recorded in the PLC as 
Pumps 6, 7, 8, 9 and 15 flows.  The data shows that the recycle flows are very close to 
the initially set 44 gpd rate for Pumps 6, 7, 8 and 9, indicating that the desired recycle 
ratio of approximately 3:1 is being met.  The Pump 15 flow rate is close to the target rate 
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of 88 gpd; however, the recycle ratio of 6:1 is not being met which is further discussed in 
Section 4.3. 

4.2 Water Quality Analyses   
Water quality analytical results for Sample Event No. 5 are listed in Table 3.  Quality 
Control samples, including field blanks, equipment blanks, and external duplicate and 
lab split samples are also included in this table.  Results for the blanks were examined 
for obvious problems with sample contamination or improper decontamination of sam-
pling equipment.  Duplicate and split samples were examined for reproducibility, and 
where the differences were significant relative to the sample value, the laboratory was 
notified and requested to verify accuracy in reporting and reanalysis of the sample was 
requested if warranted.  Significant difference determinations for the various lab analys-
es were based upon a review of reproducibility data in Standard Methods and EPA 
guidelines as well as on experience of the project team and data accuracy requirements 
for this project.    
 
Table 4 shows the results of the QC sampling for this sample event, and a calculation of 
the percent difference between the sample value and the duplicate/split samples.  The 
sample results that are highlighted in this table were forwarded back to the laboratories 
for verification and potential reanalysis.  Any changes to these data from this verification 
will be reflected in the next data summary report.   
 
A summary of the water quality data collected to date for the PNRS II systems is pre-
sented in Table 5.  The following discussion summarizes these results.  The laboratory 
report containing the raw analytical data is included in Appendix D.   

Influent Water Quality  Water quality characteristics of STE collected in Sample Event 
5 remained closer to typical STE composition than were STE samples collected earlier in 
the PNRS II study.  Sample Event 5 STE parameters for TSS, COD, and CBOD5 were 
still somewhat low, but within the range expected for domestic STE.  The measured STE 
total nitrogen (TN) concentration was 78 mg/L, which is in the high end of the range that 
has been typically reported for Florida single family residence STE.  The performance of 
the various biofilter systems was compared by considering the changes through treat-
ment of nitrogen species (TKN-N, NH3-N, and NOX-N), as well as supporting water quali-
ty parameters.                                                                                   

Group I Single Pass Biofilters  Effluent NH3-N levels were below 0.04 mg/L for the four 
Stage 1 single pass biofilters and DO levels were greater than 6.1 mg/L (Table 3) TSS 
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and C-BOD5 were 2 mg/L or below in all effluents.  Organic N ranged from 3.1 to 5.2 
mg/L in these same four systems. NOx was significantly increased in all Stage 1 biofilter 
effluents corresponding to the decrease in TKN.  The four single pass biofilters per-
formed exceptionally well in removing suspended solids, reducing organic oxygen de-
mand, and in converting ammonium to oxidized nitrogen. 

Effluent NOX-N was less than 0.07 mg/L in four of the five Stage 2 single pass denitrifi-
cation biofilters. It appears that the new lignocellulosic material was supporting denitrifi-
cation similarly to the sulfur and glycerol biofilters.  One of the three lignocellulosic biofil-
ters with new media (DENIT-LS2) exhibited incomplete denitrification with effluent NOx-N 
of 15 mg/L. The DENIT-LS2 biofilter is the biofilter with the least amount of lignocellulos-
ic media (25% lignocellulosic, 75% expanded clay).  DENIT-LS3 with the highest ligno-
cellulosic media content, exhibited elevated levels of oxidizable organic matter (CBOD5 
and COD) in effluent. 

The influent to the DENIT-LS4 biofilter was effluent from the recirculation pump tank for 
the polystyrene biofilter (UNSAT-PS1) which contained 22 mg/L NH3-N and 14 mg/L 
NOx-N. While very successfully denitrifying the relatively low influent NOx-N, DENIT-LS4 
effluent contained 14 mg/L NH3-N. This result again confirms that NH3-N will be readily 
transported through anoxic denitrification biofilters which are at the same time capable of 
achieving significant NOx reduction.    

Group II Stage 1 Recirculating Biofilters  NH3-N levels were at or below 0.05 mg/L for 
the four recirculating Stage 1 biofilters containing clinoptilolite, expanded clay, and sand 
media, and effluent DO was 2.9 to 8.1 mg/L.  Effluent NOx-N ranged from 32 to 37 mg/L 
and organic N from 2.5 to 2.95 mg/L for these four recirculating Stage 1 biofilters.  The 
nitrification performance of these biofilters was quite acceptable and TN reduction from 
recirculation (pre-denitrification) averaged 52%.  TSS and C-BOD5 were 2 mg/L or below 
in all effluents. The ammonia and DO concentrations in UNSAT-PS1 effluent were 15 
mg/L and 0.6 mg/L, respectively, indicating incomplete nitrification.  UNSAT-PS-1 also 
had significantly higher effluent TKN of 16 mg/L. 
 
Group III Stage 2 Horizontal Biofilters  Influent NOx-N to these biofilters (from the de-
nite feed tank (DFT)) was 38 mg/L. Effluent NOx-N was 0.06 mg/L and less in the four 
Stage 2 horizontal biofilters.  The low NOx-N were accompanied by depressed DO and 
ORP of -259 to –282 mV.  Thus, the horizontal biofilters were effective in producing a 
reducing environment and achieving their NOx-N reduction goal.  DENIT-LS1 with the 
new lignocellulosic media exhibited complete denitrification, with effluent NOx-N less 
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than 0.02 mg/L.  DENIT-LS1 exhibited elevated effluent levels of oxidizable organic mat-
ter and TSS, however, this was the first effluent sample taken after replacement of the 
lignocellulosic media. 
 
Group IV In-Situ Simulator Systems For UNSAT-IS1, effluent NH3-N was 8.7 mg/L 
indicating incomplete nitrification. UNSAT-IS1 and UNSAT-IS3 exhibited low effluent 
NOx-N of less than 0.06 mg/L.  UNSAT-IS2 and UNSAT-IS4 exhibited incomplete denitri-
fication, with effluent NOx-N of 8.3 mg/L and 5.8 mg/L respectively.  In-situ simulator ef-
fluent SO4 concentrations were 20, 210, 200 and 170 mg/L, for IS1, IS2, IS3 and IS4 re-
spectively.  The lower effluent SO4 concentrations from the rebuilt IS1 and IS2 suggest 
an improvement over the previous media configurations. 
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Table 3 
Water Quality Analytical Results 

            

 
Group 

(Figure 1)
Sample ID Media Composition Analytical Laboratory

Sample 
Date/Time

Sample 
Type

Temp 
(°C)

pH
Total 

Alkalinity 
(mg/L)

DO      
(mg/L)

ORP 
(mV)

Specific 
Conductance 

(µS)

TDS 
(mg/L)

TSS 
(mg/L)

CBOD5 

(mg/L)

COD 
(mg/L)

TN       

(mg/L N)1
TKN      

(mg/L N)

Organic N 

(mg/L N)2
NH3-N 

(mg/L N)

NO3-N 

(mg/L N)

NO2-N 

(mg/L N)

NOx 
(mg/L N)

TIN        

(mg/L N)3
TP      

(mg/L)
Ortho P 
(mg/L P)

Sulfide 
(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

STE Sample
PNRS II STE-Tank 1 Southern 3/17/11 12:15 G 21.4 7.5 400 2.8 -231.7 1,099 450 110 93 380 78.06 78 13 65 0.05 0.01 0.06 65.06 13 5.2 1.2 38
PNRS II STE-Tank 1-D Southern 3/17/11 12:20 G 21.4 7.5 400 2.8 -231.7 1,099 430 130 61 430 78.15 78 64 14 0.14 0.01 0.15 14.15 5.4
PNRS II STE-Tank 1-D2 Pace 3/17/11 12:20 G 21.4 7.5 387 -231.7 1,099 456 60.0 88.8 372 71.4 71.3 13.8 57.5 0.050 0.050 0.1 57.6 8.2 5.7 3.1 28.5
Stage 1 Single Pass Biofilters  Effluent
UNSAT-EC1 15" Expanded Clay Southern 3/17/11 11:30 G 9.6 7.1 160 6.6 25.7 1,048 720 2 2 22 60.91 3.9 3.865 0.035 57 0.01 57.01 57.045 1.0 67
UNSAT-EC3 30" Expanded Clay Southern 3/17/11 11:25 G 10.8 7.1 210 6.1 22.2 1,059 740 2 2 16 52.31 3.3 3.289 0.011 49 0.01 49.01 49.021 1.5
UNSAT-CL1 15" Clinoptilolite Southern 3/17/11 11:20 G 5.8 7.4 190 6.2 10.7 1,193 850 2 2 22 78.21 5.2 5.179 0.021 73 0.01 73.01 73.031 1.8 61
UNSAT-CL3 30" Clinoptilolite Southern 3/17/11 11:15 G 10.6 7.5 230 7.5 8.2 1,130 850 2 2 18 66.11 3.1 3.067 0.033 63 0.01 63.01 63.043 3.0
Stage 2 Single Pass  Upflow Biofilters Effluent
DENIT-SU4 10% Limestone; 30% Sulfur; 60% Expanded Clay Southern 3/17/11 9:30 G 14.7 7.4 210 0.1 -231.6 1,311 1,100 1 2 32 1.33 1.3 1.1 0.2 0.02 0.01 0.03 0.23 1.3 1.0 0.29 510
DENIT-SU4-D 10% Limestone; 30% Sulfur; 60% Expanded Clay 3/17/11 9:35 G 14.7 7.4 220 0.1 -231.6 1,311 1,100 2 2 32 1.22 1.2 0.98 0.22 0.01 0.01 0.02 0.24 1.3
DENIT-LS3-REV 50% New Lignocellulosic; 50% Sand Southern 3/17/11 9:25 G 17.3 7.4 410 0.8 -294.6 1,027 720 2 120 320 1.67 1.6 0.86 0.74 0.06 0.01 0.07 0.81 2.6
DENIT-SU3 80% Sulfur; 20% Oyster Shell Southern 3/17/11 9:20 G 13.1 7.6 230 0.1 -285.2 1,552 1,200 6 2 39 3.02 3.0 1.5 1.5 0.01 0.01 0.02 1.52 2.3 650
DENIT-LS2-REV 25% New Lignocellulosic; 75% Expanded Clay Southern 3/17/11 9:10 G 14.3 8.0 350 3.4 -99.1 1,077 710 4 2 39 18.5 4.0 2.2 1.8 12 2.5 14.5 16.3 2.8
DENIT-LS2-REV-D 25% New Lignocellulosic; 75% Expanded Clay Southern 3/17/11 9:15 G 14.3 8.0 350 3.4 -99.1 1,077 740 6 2 41 19.5 4.0 2.3 1.7 13 2.5 15.5 17.2 2.4
DENIT-LS4-REV 30% New Lignocellulosic; 70% Expanded Clay Southern 3/17/11 9:00 G 16.2 7.7 250 0.6 -195.5 835 450 10 2 90 14.03 14 0 14 0.02 0.01 0.03 14.03 2.2
DENIT-LS4-REV-D 30% New Lignocellulosic; 70% Expanded Clay Southern 3/17/11 9:05 G 16.2 7.7 260 0.6 -195.5 835 420 10 2 76 15.03 15 1 14 0.02 0.01 0.03 14.03 2.1
Recirculation Tanks Effluent
RC1 Southern 3/17/11 12:05 G 17.0 7.4 180 0.2 -69.7 894 530 1 2 32 36.4 14 2 12 21 1.4 22.4 34.4 3.2
RC2 Southern 3/17/11 12:00 G 18.2 7.4 180 0.2 -67.3 904 550 2 2 34 37.2 13 1 12 23 1.2 24.2 36.2 3.4
RC3 Southern 3/17/11 11:55 G 17.6 7.5 230 1.5 -47.2 925 510 8 8 51 34 16 0 16 13 5.0 18 34 6.6
RC4 Southern 3/17/11 11:50 G 16.9 7.8 290 0.1 -68.6 901 460 2 3 47 25.84 24 11 13 0.14 1.7 1.84 14.84 6.1
RC5 Southern 3/17/11 11:40 G 16.5 7.4 230 0.5 -52.7 888 440 8 2 57 32.6 24 1 23 5.2 3.4 8.6 31.6 5.7
Stage 1 Recirculating Biofilters Effluent
UNSAT-CL4 30" Clinoptilolite Southern 3/17/11 10:00 G 12.2 8.2 110 7.4 -98.2 860 600 1 2 16 35.71 2.7 2.694 0.006 33 0.01 33.01 33.016 4.9
UNSAT-CL2 15" Clinoptilolite Southern 3/17/11 10:05 G 11.7 7.2 150 2.9 -48.3 900 620 1 2 22 38.95 2.8 2.794 0.006 36 0.15 36.15 36.156 2.3
UNSAT-EC4 30" Expanded Clay Southern 3/17/11 10:10 G 14.9 7.0 110 8.1 -20.2 869 590 1 2 18 39.51 2.5 2.479 0.021 37 0.01 37.01 37.031 1.8
UNSAT-SA2 30" Sand Southern 3/17/11 10:25 G 14.1 7.0 140 6.1 -26.5 859 560 1 2 18 35.01 3.0 2.95 0.050 32 0.01 32.01 32.06 2.1
UNSAT-PS1 30" Polystyrene Southern 3/17/11 11:45 G 15.1 7.3 130 0.6 -49.9 845 490 2 2 51 30.7 16 1 15 13 1.7 14.7 29.7 2.2
Pump 15 Tank (DENIT-LS4 Influent) Southern 3/17/11 11:00 G 18.6 7.2 190 1.0 -3.5 834 480 1 4 45 37.98 24 2 22 13 0.98 13.98 35.98 3.8
Denite Feed Tank (Tank 3)
DFT Southern 3/17/11 11:05 G 18.8 7.2 140 7.5 5.6 891 610 1 2 22 41.31 3.3 3.235 0.065 38 0.01 38.01 38.075 9.10 1.9 1.4 0.53 65
Stage 2 Horizontal Biofilters Effluent
DENIT-SU1 80% Sulfur; 20% Oyster Shell Southern 3/17/11 8:16 G 7.2 7.0 250 0.1 -281.9 1,254 890 2 2 45 2.16 2.1 0.4 1.7 0.05 0.01 0.06 1.76 2.9 380
DENIT-SU2 10% Limestone; 30% Sulfur; 60% Expanded Clay Southern 3/17/11 8:20 G 5.3 7.0 190 0.5 -268.4 1,296 940 2 2 47 0.91 0.89 0.52 0.37 0.01 0.01 0.02 0.39 2.0 7.8 3.7 400
DENIT-LS1-REV 50% New Lignocellulosic; 50% Expanded Clay Southern 3/17/11 8:30 G 4.6 7.4 320 0.1 -271.5 886 630 20 150 320 1.82 1.8 1.19 0.61 0.01 0.01 0.02 0.63 2.0
DENIT-GL1 12" Gravel; 60" Expanded Clay Southern 3/17/11 8:40 G 3.9 7.0 340 0.1 -259.0 927 540 1 2 36 4.92 4.9 0.8 4.1 0.01 0.01 0.02 4.12 3.0
In-situ Simulator Biofilters Effluent
UNSAT-IS1 (receives STE) 4" Coarse Sand; 8" Fine Sand; 12" Mix (60% EC, 40% New Ligno); 4" Sulfur Southern 3/17/11 12:45 G 10.7 7.3 400 NR NR 999 660 2 120 240 8.96 8.9 0.2 8.7 0.05 0.01 0.06 8.76 5.2 20
UNSAT-IS2-SP (receives STE) Above 4" Sulfur layer Southern 3/18/11 13:55 G 25.8 6.6 69 0.5 -57.9 970 510 2 13 63 46.9 3.9 3.33 0.57 43 43.57 5.2 58
UNSAT-IS2 (receives STE) 4" EC>1.53mm; 8" EC As-Is; 12" Mix (60% EC, 40% New Ligno); 4" Sulfur Southern 3/17/11 12:40 G 11.8 7.4 190 NR NR 977 670 10 3 82 12.62 4.3 3.93 0.37 0.72 7.6 8.32 8.69 0.68 210
UNSAT-IS2-D (receives STE) 4" EC>1.53mm; 8" EC As-Is; 12" Mix (60% EC, 40% New Ligno); 4" Sulfur Pace 3/17/11 12:45 G 11.8 7.4 204 NR NR 977 682 6.0 3.9 12.13 3.2 2.82 0.38 0.83 8.1 8.93 9.31 2.5 1.5 1.0 185
UNSAT-IS3-SP (receives STE) Above 4" Sulfur layer Southern 3/17/11 12:35 G 6.2 7.6 500 NR NR 1269 910 2 2 120 9.23 3.2 3 0.20 5.8 0.23 6.03 6.23 3.5 98
UNSAT-IS3 (receives STE) 4" CL 8X14; 8" CL 16X50; 12" Mix (60% EC, 40% New Ligno); 4" Sulfur Southern 3/15/11 7:50 G 13.4 7.74 380 NR -79.6 1481 990 1 3 96 2.52 2.5 0.8 1.70 0.01 0.01 0.02 1.72 2.3 200

UNSAT-IS4-SP (receives NO3) Above 4" Sulfur layer Southern 3/17/11 12:30 G 14.9 7.4 430 NR NR 1087 800 20 10 80 9.51 3.5 3.2 0.30 6.0 0.01 6.01 6.31 0.46 120

UNSAT-IS4 (receives NO3) 4" Coarse Sand; 8" Fine Sand; 12" Mix (60% EC, 40% New Ligno); 4" Sulfur Southern 3/15/11 7:45 G 12.2 6.99 460 NR 19.1 1346 870 44 10 88 10.6 4.8 4.762 0.038 4.6 1.2 5.8 5.838 0.018 170
Field Blank Reagent Water Southern 3/17/11 10:30 17.3 7.9 2.0 9.3 -39.8 55 20 1 2 10 0.09 0.07 0.026 0.044 0.01 0.01 0.02 0.064 0.010
Equipment Blank Reagent Water - Cleaned STE Bottle #1 Southern 3/17/11 10:45 17.9 7.6 2.0 9.1 -26 52 16 1 2 10 0.07 0.05 0.034 0.016 0.01 0.01 0.02 0.036 0.010

II

III

IV

Blue-shaded data points indicate matrix spike was outside typical range. All other QC criteria were acceptable.

I

D.O. - Dissolved oxygen
G - Grab sample
Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.
Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.
Orange - shaded data points indicate too many colonies were present.  The numberic value represents the dilution factor times the maximum reportable number of colonies.
Purple-shaded data points indicate results based upon colony counts outside the method indicated ideal range.

Notes:
1Total Nitrogen (TN) is a calculated value equal to the sum of TKN and NOX
2Organic Nitrogen (ON) is a calculated value equal to the difference of TKN and NH3
3Total Inorganic Nitrogen (TIN) is a calculated value equal to the sum of NH3 and NOX

EC: expanded clay, CL: clinoptilolite, PS: polystyrene, SU: elemental sulfur, LS: lignocellulosic, GL: glycerol, OS: oyster shell, NS: sodium sesquicarbonate, GR: gravel
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Table 4 
Sample Event No. 5 External QC Sample Results 

            

Sample ID

Value % diff Value % diff Value % diff Value % diff Value % diff Value % diff Value % diff Value % diff Value % diff Value % diff Value % diff Value % diff
STE Lab 400 450 110 93 380 78 65 0.05 0.01 13 38

STE Dup 400 0.0% 430 -4.4% 130 18.2% 61 -34.4% 430 13.2% 78 0.0% 14 -78.5% 0.14 N/A 0.01 MDL 5.4
STE Split 387 -3.3% 456 1.3% 60 -45.5% 88.8 -4.5% 372 -2.1% 71.3 -8.6% 57.5 -11.5% 0.05 MDL 0.05 MDL 8.2 -36.9% 5.7 5.6% 28.5 -25.0%
SU4 Lab 210 1100 1 2 32 1.3 0.2 0.02 0.01 1.3 510
SU4 Dup 220 4.8% 1100 0.0% 2 N/A 2 MDL 32 0.0% 1.2 -7.7% 0.22 10.0% 0.01 N/A 0.01 MDL 1.3 0.0%
LS2 Lab 350 710 4 2 39 4 1.8 12 2.5 2.8
LS2 Dup 350 0.0% 740 4.2% 6 N/A 2 0.0% 41 5.1% 4 0.0% 1.7 -5.6% 13 8.3% 2.5 0.0% 2.4 -14.3%
LS4 Lab 250 450 10 2 90 14 14 0.02 0.01 2.2
LS4 Dup 260 4.0% 420 -6.7% 10 0.0% 2 0.0% 76 -15.6% 15 7.1% 14 0.0% 0.02 0.0% 0.01 0.0% 2.1 -4.5%
IS2 Lab 190 670 10 3 82 4.3 0.37 0.72 7.6 0.68 210
IS2 Split 204 7.4% 682 1.8% 6 N/A 3.9 30.0% 3.2 -25.6% 0.38 2.7% 0.83 15.3% 8.1 6.6% 1.5 N/A 185 -11.9%

Field Blank 2 20 1 2 10 0.07 0.044 0.01 0.01 0 0.01 0
Equipment Blank 2 16 1 2 10 0.05 0.016 0.01 0.01 0 0.01 0

NH3-N             

(mg/L N)

NO3-N             

(mg/L N)

NO2-N              

(mg/L N)

SO4                        

(mg/L)

Ortho P            
(mg/L P)

TP                 
(mg/L)

TKN               
(mg/L N)

Total Alkalinity 
(mg/L)

TDS               
(mg/L)

TSS               
(mg/L)

CBOD5                 

(mg/L)

COD               
(mg/L)
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Table 5 
Summary of Water Quality Data 

            

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sample ID
Media 

Composition
Date of  
Start-up

Statistical 
Parameter

Temp 
(°C)

pH
Total 

Alkalinity 
(mg/L)

DO       
(mg/L)

ORP 
(mV)

Specific 
Conductance 

(µS)

TDS 
(mg/L)

TSS       
(mg/L)

CBOD5      

(mg/L)

COD 
(mg/L)

TN       

(mg/L N)1
TKN      

(mg/L N)

Organic N 

(mg/L N)2
NH3-N    

(mg/L N)
NO3-N    

(mg/L N)

NO2-N    

(mg/L N)

NOx      
(mg/L N)

TIN         

(mg/L N)3
TP        

(mg/L)
Ortho P 
(mg/L P)

Sulfide   
(mg/L)

H2S       

(mg/L)

SO4          

(mg/L)

Fecal      
(Ct/100 

mL)

n 8 8 7 6 5 8 7 8 8 5 7 8 7 7 2 3 7 7 3 4 4 4 4
MEAN 24.35 342.86 1.36 -255.20 1041.63 390.00 51.63 68.25 266.00 60.47 60.25 9.86 50.57 0.04 0.02 0.04 50.61 9.00 13.05 6.38 21.73 21695.00
STD. DEV. 83.61 210.86 80.42 36.08 29.53 19.93 18.45 3.85 19.84 0.02 0.02 0.02 19.85 3.49 5.25 4.46 16.56 37086.23
MIN 13.7 6.4 210 0.04 -308.9 649 240 15 22 210 30.031 30 5 20 0.02 0.01 0.01 20.023 6.6 5.2 1.2 2.9 80
MAX 28.3 7.5 430 2.8 -231.7 1250 470 110 94 380 80.01 80 15 67 0.05 0.036 0.06 67.01 13 16 12 38 77000

n 5 5 5 5 4 5 5 5 5 4 5 5 5 5 2 2 5 5 1 1 3 3 5 2
MEAN 18.76 148.00 7.10 76.93 996.00 648.00 1.20 2.00 15.25 48.86 3.84 3.23 0.61 51.00 0.06 45.02 45.64 3.90 1.00 0.42 0.04 57.20
STD. DEV. 27.75 215.95 170.35 0.45 0.00 17.60 0.98 0.94 0.82 8.49 0.07 16.72 17.07
MIN 7.8 6.7 110 6.6 25.7 617 350 1 2 10 21.2 2.2 2.19 0.01 45 0.01 19 19.01 3.9 1 0.1 0.01 46 1
MAX 28.6 7.25 180 7.9 137.5 1150 770 2 2 22 66.8 4.8 4.29 1.7 57 0.11 62 63.3 3.9 1 1 0.06 67 3900
n 5 5 5 5 4 5 5 5 5 4 5 5 5 5 2 2 5 5 1 1 2
MEAN 19.08 174.80 6.89 70.73 1060.80 696.00 1.40 2.00 13.25 50.44 3.44 2.95 0.49 46.50 0.01 47.00 47.49 3.90 1.50
STD. DEV. 57.84 206.54 166.82 0.55 0.00 23.19 0.96 0.57 1.07 3.54 0.00 22.24 23.16
MIN 6.3 6.8 84 6.1 22.2 712 410 1 2 10 21.2 2.2 2.19 0.005 44 0.01 19 19.01 3.9 1.5 1
MAX 29.2 7.34 220 7.9 117 1250 850 2 2 16 85.9 4.9 3.495 2.4 49 0.01 81 83.4 3.9 1.5 4
n 5 5 5 5 4 5 5 5 5 4 5 5 5 5 2 2 5 5 1 1 3 3 5 2
MEAN 18.54 216.00 6.27 66.18 1130.20 716.00 2.40 2.00 17.00 44.03 3.20 3.19 0.01 52.00 0.09 40.83 40.85 8.00 1.80 0.47 0.03 53.40
STD. DEV. 29.66 160.69 147.24 2.61 0.00 21.41 1.12 1.12 0.01 29.70 0.11 20.42 20.43 0.47 0.04 10.74
MIN 5.8 7.1 180 3.53 10.7 857 470 1 2 10 20.7 2.6 2.595 0.005 31 0.01 18 18.01 8 1.8 0.1 0.01 37 12
MAX 29.5 8.3 250 8.8 116.2 1271 850 7 2 22 78.21 5.2 5.179 0.021 73 0.16 73.01 73.031 8 1.8 1 0.08 62 100
n 5 5 5 5 4 5 5 5 5 4 5 5 5 5 2 2 5 5 1 1 2
MEAN 19.24 286.00 7.79 53.18 1214.40 776.00 1.40 2.00 20.00 51.08 3.06 3.05 0.01 52.00 0.04 48.02 48.03 6.80 3.00
STD. DEV. 40.37 163.31 127.59 0.55 0.00 23.46 0.55 0.55 0.01 15.56 0.04 23.59 23.59
MIN 8.3 7.3 230 6.85 8.2 974 550 1 2 13 22.8 2.7 2.684 0.005 41 0.01 20 20.01 6.8 3 3
MAX 28.7 8.64 340 9.9 100.5 1388 850 2 2 29 82.7 4 3.99 0.033 63 0.07 80 80.005 6.8 3 110
n 2 2 2 2 1 2 2 2 2 1 2 2 2 2 2 2 1 1
MEAN 27.80 220.00 2.60 60.00 804.50 345.00 3.00 4.35 48.00 43.25 34.50 8.30 26.20 8.75 34.95 5.90
STD. DEV. 84.85 290.62 106.07 1.41 1.91 25.39 26.16 1.84 28.00 0.78 27.22
MIN 27 7.28 160 2.5 60 599 270 2 3 48 25.3 16 7 6.4 8.2 15.7 5.9 930
MAX 28.6 7.6 280 2.7 60 1010 420 4 5.7 48 61.2 53 9.6 46 9.3 54.2 5.9 930

n 2 2 2 2 1 2 2 2 2 1 2 2 2 2 2 2 1 2 2 2 1
MEAN 27.60 145.00 0.15 -106.60 1162.00 755.00 1.00 2.95 22.00 1.09 1.04 0.83 0.21 0.05 0.26 3.20 0.95 0.31 405.00
STD. DEV. 7.07 329.51 275.77 0.00 1.34 0.43 0.37 0.23 0.15 0.06 0.21 1.20 0.42 205.06
MIN 27.1 6.6 140 0.1 -106.6 929 560 1 2 22 0.78 0.77 0.67 0.1 0.01 0.11 3.2 0.1 0.01 260 1
MAX 28.1 7.3 150 0.2 -106.6 1395 950 1 3.9 22 1.391 1.3 0.99 0.31 0.091 0.401 3.2 1.8 0.6 550 1
n 4 4 3 4 4 4 3 3 3 3 3 3 3 3 2 2 3 3 1 3 3 3 1
MEAN 15.55 220.00 3.42 -77.80 1457.50 1066.67 3.00 2.00 21.67 1.19 1.13 0.96 0.17 0.06 0.02 0.06 0.23 1.30 0.71 0.15 496.67
STD. DEV. 17.32 159.56 57.74 2.65 0.00 0.24 0.21 0.16 0.06 0.06 0.12 0.50 0.12 70.95
MIN 7 6.8 210 0.1 -231.6 1311 1000 1 2 13 0.91 0.89 0.79 0.1 0.02 0.01 0.02 0.12 1.3 0.14 0.08 420 3
MAX 21 7.4 240 7.8 138 1659 1100 6 2 32 1.33 1.3 1.1 0.22 0.1 0.03 0.13 0.35 1.3 1 0.29 560 3
n 5 5 4 5 4 5 4 4 4 3 4 4 4 4 1 1 4 4 1 2
MEAN 19.92 220.00 2.80 56.70 1118.20 670.00 1.25 4.50 18.67 26.47 2.95 2.54 0.41 43.00 0.05 23.52 23.92 3.30
STD. DEV. 16.33 267.06 210.87 0.50 5.00 18.43 1.03 1.17 0.42 18.28 17.86
MIN 6.6 6.7 200 0.1 -79 695 370 1 2 11 2.01 2 1.05 0.012 43 0.05 0.01 0.96 3.3 1
MAX 28.1 7.7 240 5.4 259.3 1432 840 2 12 29 45.35 4.3 3.78 0.95 43 0.05 43.05 43.062 3.3 1
n 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 17.30 410.00 0.80 -294.60 1027.00 720.00 2.00 120.00 320.00 1.67 1.60 0.86 0.74 0.06 0.01 0.07 0.81 2.60
STD. DEV.
MIN 17.3 7.4 410 0.8 -294.6 1027 720 2 120 320 1.67 1.6 0.86 0.74 0.06 0.01 0.07 0.81 2.6
MAX 17.3 7.4 410 0.8 -294.6 1027 720 2 120 320 1.67 1.6 0.86 0.74 0.06 0.01 0.07 0.81 2.6
n 6 6 5 6 5 6 5 5 5 4 5 5 5 5 2 2 5 5 1 1 3 3 5 2
MEAN 19.53 242.00 1.85 -233.02 1485.50 1002.00 7.20 5.80 38.50 2.51 2.48 1.66 0.82 0.01 0.03 0.03 0.86 6.20 2.30 4.70 2.38 474.00
STD. DEV. 44.38 136.91 183.08 6.30 4.97 0.54 0.54 0.48 0.41 0.02 0.40 2.30 1.89 126.61
MIN 6.9 6.7 170 0.1 -285.2 1257 710 1 2 26 1.85 1.8 1.2 0.46 0.01 0.01 0.01 0.47 6.2 2.3 2.4 0.85 340 1
MAX 28.4 7.6 280 7.7 -180 1655 1200 16 13 50 3.02 3 2.24 1.5 0.01 0.04 0.05 1.52 6.2 2.3 7 4.5 650 6

1/28/2011

5/17/2010

5/17/2010

5/17/2010

5/17/2010

5/17/2010

5/17/2010

5/17/2010

5/17/2010

10/25/2010

5/17/2010

STE Sample

Stage 1 Single Pass Biofilters  Effluent

Stage 2 Single Pass  Upflow Biofilters Effluent

STE-Tank 1

UNSAT-EC1 15" Expanded Clay

UNSAT-EC3 30" Expanded Clay

UNSAT-CL1 15" Clinoptilolite

UNSAT-CL3 30" Clinoptilolite

UNSAT-PS1 
(old)

30" Polystyrene

DENIT-LS3 
(new)

50% New 
Lignocellulosic; 
50% Sand

DENIT-SU4 (old)
80% Sulfur; 20% 
Sodium Sesqui.

DENIT-LS3 (old)

DENIT-SU3
80% Sulfur; 20% 
Oyster Shell

50% 
Lignocellulosic; 
50% Sand

DENIT-SU4 
(new)

10% Limestone; 
30% Sulfur; 60% 
Expanded Clay
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Table 5 (con’t) 
Summary of Water Quality Data 

 

            

 
Sample ID

Media 
Composition

Date of  
Start-up

Statistical 
Parameter

Temp 
(°C)

pH
Total 

Alkalinity 
(mg/L)

DO       
(mg/L)

ORP 
(mV)

Specific 
Conductance 

(µS)

TDS 
(mg/L)

TSS       
(mg/L)

CBOD5      

(mg/L)

COD 
(mg/L)

TN       

(mg/L N)1
TKN      

(mg/L N)

Organic N 

(mg/L N)2
NH3-N    

(mg/L N)
NO3-N    

(mg/L N)

NO2-N    

(mg/L N)

NOx      
(mg/L N)

TIN         

(mg/L N)3
TP        

(mg/L)
Ortho P 
(mg/L P)

Sulfide   
(mg/L)

H2S       

(mg/L)

SO4          

(mg/L)

Fecal      
(Ct/100 

mL)
n 2 2 2 2 1 2 2 2 2 1 2 2 2 2 2 2 1 1
MEAN 27.25 375.00 2.10 -11.50 1223.00 680.00 5.00 3.75 24.00 17.45 2.25 1.99 0.27 15.20 15.47 5.70
STD. DEV. 7.07 318.20 240.42 5.66 2.47 20.72 1.20 1.15 0.05 19.52 19.57
MIN 27.2 7.8 370 0.1 -11.5 998 510 1 2 24 2.8 1.4 1.17 0.23 1.4 1.63 5.7 1
MAX 27.3 8.14 380 4.1 -11.5 1448 850 9 5.5 24 32.1 3.1 2.8 0.3 29 29.3 5.7 1
n 3 3 2 3 3 3 2 2 2 2 2 2 2 2 1 1 2 2 1
MEAN 15.43 330.00 4.47 66.37 1315.67 820.00 1.50 2.00 21.00 31.79 3.25 3.16 0.09 41.00 0.07 28.54 28.63
STD. DEV. 14.14 124.24 56.57 0.71 0.00 16.95 0.78 0.77 0.01 17.73 17.72
MIN 6.8 7.3 320 4.1 -135 1200 780 1 2 16 19.8 2.7 2.615 0.085 41 0.07 16 16.1 1
MAX 21.5 7.61 340 5 263.1 1447 860 2 2 26 43.77 3.8 3.7 0.1 41 0.07 41.07 41.155 1
n 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 14.30 350.00 3.40 -99.10 1077.00 710.00 4.00 2.00 39.00 18.50 4.00 2.20 1.80 12.00 2.50 14.50 16.30 2.80
STD. DEV. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MIN 14.3 8 350 3.4 -99.1 1077 710 4 2 39 18.5 4 2.2 1.8 12 2.5 14.5 16.3 2.8
MAX 14.3 8 350 3.4 -99.1 1077 710 4 2 39 18.5 4 2.2 1.8 12 2.5 14.5 16.3 2.8
n 5 5 4 5 4 5 4 4 4 3 4 4 4 4 1 1 4 4 1 2
MEAN 20.12 242.50 2.28 -49.78 897.40 410.00 30.50 4.28 25.67 31.84 28.50 12.68 15.83 3.10 0.29 3.34 19.17 6.90
STD. DEV. 80.98 197.05 95.57 58.34 3.35 24.75 25.96 14.41 12.06 4.58 12.19
MIN 7.4 7.3 180 0.4 -137.8 618 270 1 2 20 14.01 12 2.5 5.8 3.1 0.29 0.01 5.81 6.9 1
MAX 28.1 7.62 360 5.2 81 1120 480 118 9.1 35 67.17 67 34 33 3.1 0.29 9.8 33.17 6.9 12
n 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 16.20 250.00 0.60 -195.50 835.00 450.00 10.00 2.00 90.00 14.03 14.00 0 14.00 0.02 0.01 0.03 14.03 2.20
STD. DEV.
MIN 16.2 7.7 250 0.6 -195.5 835 450 10 2 90 14.03 14 0 14 0.02 0.01 0.03 14.03 2.2
MAX 16.2 7.7 250 0.6 -195.5 835 450 10 2 90 14.03 14 0 14 0.02 0.01 0.03 14.03 2.2

n 5 5 5 4 4 5 5 5 5 4 5 5 5 5 2 2 5 5 1 1 2
MEAN 21.12 184.00 0.98 -35.48 898.40 502.00 3.40 4.76 30.00 36.79 15.00 4.26 10.74 17.50 0.97 21.79 32.53 5.80 3.20
STD. DEV. 18.17 153.31 98.84 2.61 3.86 10.97 2.12 3.23 2.90 9.43 11.79
MIN 7.2 7.2 160 0.03 -128.3 637 330 1 2 22 26.53 12 1 5.7 14 0.53 12 17.7 5.8 3.2 114
MAX 30.8 7.4 210 2.1 57 1011 580 7 11 37 53 17 9.3 13 21 1.4 36 49 5.8 3.2 8200
n 5 5 5 4 4 5 5 5 5 4 5 5 5 5 2 2 5 5 1 1 2
MEAN 21.16 182.00 1.10 -30.50 926.80 522.00 2.40 4.60 33.50 35.28 15.40 3.74 11.66 19.50 0.71 19.88 31.54 4.20 3.40
STD. DEV. 26.83 147.33 102.81 1.14 3.58 6.91 2.61 4.04 3.72 5.50 8.68
MIN 7.4 7.1 140 0.1 -108.2 679 340 1 2 24 27 13 0 5.3 16 0.22 12 17.3 4.2 3.4 99
MAX 30.5 7.4 210 2.5 58.5 1031 590 4 9 41 43 19 9.7 15 23 1.2 24.2 38 4.2 3.4 9100
n 5 5 5 4 4 5 5 5 5 4 5 5 5 5 2 2 5 5 1 1 2
MEAN 20.72 214.00 1.48 19.40 968.60 514.00 6.80 6.86 49.25 34.08 15.00 4.36 10.64 13.50 3.70 19.08 29.72 6.40 6.60
STD. DEV. 37.15 138.18 90.72 4.32 4.14 7.16 3.00 4.36 3.90 8.24 9.25
MIN 7.4 6.9 160 0.1 -47.2 760 360 1 2 39 27 12 0 5.5 13 2.4 11 16.5 6.4 6.6 109
MAX 30.2 7.61 260 2.3 89 1128 590 13 12 61 45 19 10.5 16 14 5 33 41.7 6.4 6.6 13000
n 5 5 5 4 4 5 5 5 5 4 5 5 5 5 2 2 5 5 1 1 2
MEAN 20.82 246.00 0.60 -17.05 992.80 534.00 9.80 4.34 39.75 31.47 17.20 6.22 10.98 5.07 2.60 14.27 25.25 6.70 6.10
STD. DEV. 45.61 130.77 97.88 8.01 2.65 5.17 4.66 4.29 4.09 9.24 9.06
MIN 8.3 7.3 180 0 -121.9 811 400 2 2.7 26 25.84 11 2 5.5 0.14 1.7 1.84 14.84 6.7 6.1 112
MAX 30.4 7.8 290 1.9 73 1112 620 21 9 57 38 24 11 16 10 3.5 27 35.4 6.7 6.1 8700
n 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 2 3 3 1 1
MEAN 15.47 236.67 1.77 -25.80 956.00 473.33 11.00 8.67 58.33 38.17 28.00 3.33 24.67 5.75 2.50 10.17 34.83 5.70
STD. DEV. 20.82 1.42 110.83 84.07 30.55 5.20 7.02 2.31 6.30 3.61 2.52 2.89 0.78 1.27 3.34 6.22
MIN 7.9 7.1 220 0.5 -120.7 888 440 8 2 57 32.6 24 1 23 5.2 1.6 7.9 30.9 5.7 12700
MAX 22 7.4 260 3.3 96 1050 500 17 16 61 45 31 6 28 6.3 3.4 14 42 5.7 12700

5/17/2010

5/17/2010

5/17/2010

5/17/2010

10/25/2010

1/28/2011

5/17/2010

1/28/2011

5/17/2010

5/17/2010

RC4

Recirculation Tanks Effluent

DENIT-LS2 
(new)

25% New 
Lignocellulosic; 
75% Expanded Clay

DENIT-LS4 
(new)

30% New 
Lignocellulosic; 
70% Expanded Clay

DENIT-LS4 (old)

DENIT-LS2 
(original)

50% 
Lignocellulosic; 
50% Expanded Clay

RC2

RC3

RC5

30% 
Lignocellulosic; 
70% Expanded Clay

DENIT-LS2 (old)
25% 
Lignocellulosic; 
75% Expanded Clay

RC1
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Table 5 (con’t) 
Summary of Water Quality Data 

 

            

 
 
  

Sample ID
Media 

Composition
Date of  
Start-up

Statistical 
Parameter

Temp 
(°C)

pH
Total 

Alkalinity 
(mg/L)

DO       
(mg/L)

ORP 
(mV)

Specific 
Conductance 

(µS)

TDS 
(mg/L)

TSS       
(mg/L)

CBOD5      

(mg/L)

COD 
(mg/L)

TN       

(mg/L N)1
TKN      

(mg/L N)

Organic N 

(mg/L N)2
NH3-N    

(mg/L N)
NO3-N    

(mg/L N)

NO2-N    

(mg/L N)

NOx      
(mg/L N)

TIN         

(mg/L N)3
TP        

(mg/L)
Ortho P 
(mg/L P)

Sulfide   
(mg/L)

H2S       

(mg/L)

SO4          

(mg/L)

Fecal      
(Ct/100 

mL)

n 5 5 5 5 4 5 5 5 5 4 5 5 5 5 2 2 5 5 1 1 2
MEAN 20.10 188.00 8.16 11.40 980.80 616.00 2.40 2.00 13.25 34.41 2.40 2.39 0.01 34.50 0.08 32.01 32.02 7.60 4.90
STD. DEV. 60.17 132.41 81.73 3.13 0.00 13.96 0.25 0.26 0.01 2.12 0.10 14.00 14.00
MIN 7.9 6.72 110 7.1 -98.2 860 480 1 2 11 10.3 2.1 2.09 0.005 33 0.01 7.9 7.921 7.6 4.9 1
MAX 29.3 8.2 270 11 55.5 1174 680 8 2 16 45.1 2.7 2.694 0.021 36 0.15 43 43.01 7.6 4.9 1
n 5 5 5 5 4 5 5 5 5 4 5 5 5 5 2 2 5 5 1 1 2
MEAN 18.94 170.00 5.86 -14.20 944.20 588.00 1.60 2.20 21.00 37.34 2.46 2.45 0.01 31.50 0.19 34.88 34.89 7.10 2.30
STD. DEV. 9.56 34.64 106.06 84.68 0.89 0.45 14.98 0.47 0.47 0.01 6.36 0.06 14.76 14.76
MIN 6 7 120 2.9 -88.9 781 440 1 2 16 17.1 2 1.981 0.005 27 0.15 15 15.01 7.1 2.3 4
MAX 27.1 7.85 200 7.9 50.2 1050 650 3 3 24 56.3 3.1 3.09 0.019 36 0.23 54 54.005 7.1 2.3 730
n 5 5 5 5 4 5 5 5 5 4 5 5 5 5 2 2 5 5 1 1 2
MEAN 20.00 138.00 7.90 4.08 894.00 568.00 1.20 2.00 14.25 36.90 2.40 2.38 0.02 33.50 0.26 34.50 34.52 3.80 1.80
STD. DEV. 19.24 139.55 125.18 0.45 0.00 12.25 0.36 0.36 0.01 4.95 0.35 12.05 12.05
MIN 7 6.9 110 6.9 -88.8 661 350 1 2 10 18.9 1.9 1.89 0.005 30 0.01 17 17.01 3.8 1.8 1
MAX 28.5 7.28 160 10 78.8 1000 660 2 2 18 52.3 2.9 2.89 0.038 37 0.5 50 50.005 3.8 1.8 21
n 5 5 5 5 4 5 5 5 5 4 5 5 5 5 2 2 5 5 1 1 2
MEAN 19.54 126.00 7.33 9.85 849.20 537.60 3.40 2.20 17.25 32.74 3.00 2.71 0.29 28.50 0.36 29.74 30.04 6.30 2.10
STD. DEV. 18.17 141.51 121.53 5.37 0.45 9.01 0.49 0.45 0.37 4.95 0.49 8.53 8.64
MIN 6.2 6.04 110 6.1 -70.8 604 330 1 2 13 19.2 2.2 2.19 0.01 25 0.01 17 17.01 6.3 2.1 1
MAX 28.2 7 150 9.6 89.2 953 638 13 3 22 41.5 3.5 3.29 0.74 32 0.71 38 38.74 6.3 2.1 41
n 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 2 3 3 1 1
MEAN 14.90 176.67 4.53 3.87 908.33 510.00 5.33 6.00 47.33 52.33 20.33 3.00 17.33 11.50 1.50 32.00 49.33 2.20
STD. DEV. 40.41 55.75 34.64 3.51 5.29 39.57 6.66 3.46 3.21 2.12 0.28 32.95 36.10
MIN 5.8 7.2 130 0.6 -49.9 845 490 2 2 39 28.3 16 1 15 10 1.3 11.3 27.3 2.2 9500
MAX 23.8 7.3 200 7.8 90 950 550 9 12 52 98 28 7 21 13 1.7 70 91 2.2 9500
n 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 2 3 3 1 1
MEAN 14.77 196.67 4.83 -3.87 901.33 513.33 3.67 5.67 39.67 37.73 22.00 3.33 18.67 12.00 1.09 15.73 34.39 3.80
STD. DEV. 5.77 68.01 35.12 2.52 3.79 4.41 1.73 1.15 2.89 1.41 0.16 4.65 4.61
MIN 5 7 190 1 -26.9 834 480 1 3 33 33.2 21 2 17 11 0.98 12.2 29.2 3.8 3900
MAX 20.7 7.4 200 7.1 18.8 970 550 6 10 45 42 24 4 22 13 1.2 21 38 3.8 3900

n 5 5 5 5 4 5 5 5 5 4 5 5 5 5 2 2 5 5 2 1 4 4 5 2
MEAN 19.74 158.00 8.06 13.10 917.00 576.00 1.00 2.00 27.00 31.25 3.04 2.98 0.06 33.50 0.04 28.21 28.28 7.80 1.90 0.65 0.16 58.80
STD. DEV. 26.83 107.55 107.14 0.00 0.00 10.88 0.44 0.41 0.07 6.36 0.04 11.06 11.03 1.84 0.66 0.25 9.26
MIN 6.4 7 130 7.31 -40.9 744 390 1 2 18 19.5 2.4 2.346 0.01 29 0.01 16 16.17 6.5 1.9 0.1 0.01 46 1
MAX 28.1 8.06 200 9.8 62.2 1020 660 1 2 46 42.8 3.5 3.33 0.17 38 0.06 40 40.01 9.1 1.9 1.4 0.53 67 22

n 5 5 5 5 4 5 5 5 5 4 5 5 5 5 2 2 5 5 1 1 3 3 5 2
MEAN 17.60 228.00 0.71 -275.08 1249.80 842.00 1.20 15.60 45.00 2.46 2.34 0.98 1.36 0.08 0.13 0.12 1.48 5.00 2.90 23.67 10.73 336.00
STD. DEV. 19.24 0.67 143.19 132.74 0.45 10.33 0.38 0.34 0.74 0.77 0.14 0.67 6.11 1.42 87.64
MIN 0.2 6.8 200 0.1 -317.2 1080 660 1 2 22 2.04 1.9 0.3 0.46 0.05 0.01 0.01 0.81 5 2.9 17 9.2 230 3
MAX 28 7.15 250 1.6 -231.2 1473 1000 2 26 63 2.95 2.7 2.14 2.4 0.11 0.24 0.35 2.44 5 2.9 29 12 450 5
n 2 2 2 2 1 2 2 2 2 1 2 2 2 2 2 2 1 2 2 2 1
MEAN 26.35 235.00 0.87 -279.00 1400.00 810.00 1.50 12.45 50.00 4.11 1.50 1.04 0.47 2.61 3.08 4.80 7.05 3.36 305.00
STD. DEV. 35.36 2.83 169.71 0.71 10.68 3.24 0.42 0.22 0.64 3.66 3.02 9.83 4.73 233.35
MIN 24.8 7 210 0.5 -279 1398 690 1 4.9 50 1.825 1.2 0.88 0.01 0.025 0.945 4.8 0.1 0.01 140 1
MAX 27.9 9.08 260 1.23 -279 1402 930 2 20 50 6.4 1.8 1.19 0.92 5.2 5.21 4.8 14 6.7 470 1
n 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 2 3 3 1 3 3 3 1
MEAN 10.37 200.00 0.77 -190.20 1258.67 893.33 3.67 3.33 29.67 0.95 0.91 0.68 0.23 0.01 0.03 0.04 0.27 2.00 4.37 2.10 396.67
STD. DEV. 10.00 114.65 136.14 3.79 2.31 0.20 0.18 0.14 0.18 0.00 0.03 0.02 0.18 3.40 1.89 95.04
MIN 0.3 6.8 190 0.2 -268.4 1130 740 1 2 18 0.77 0.74 0.52 0.033 0.01 0.01 0.02 0.063 2 1 0.01 300 3
MAX 25.5 7 210 1.6 -90 1350 1000 8 6 47 1.16 1.1 0.8 0.37 0.01 0.05 0.06 0.39 2 7.8 3.7 490 3
n 5 5 5 5 4 5 4 5 5 3 5 5 5 5 1 1 5 5 1 2
MEAN 17.60 226.00 0.49 -127.05 931.20 507.50 1.00 13.18 26.00 16.33 2.10 1.80 0.30 22.00 0.10 14.23 14.53 0.46
STD. DEV. 26.08 123.69 95.35 0.00 23.95 14.21 0.56 0.89 0.39 13.79 13.43
MIN 0.3 6.88 190 0.09 -199.7 738 370 1 2 16 1.539 1.5 0.74 0.005 22 0.1 0.01 0.71 0.46 1
MAX 27.3 7.7 250 1.1 -15.4 1076 590 1 56 44 33.7 2.7 2.695 0.76 22 0.1 31 31.024 0.46 1
n 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 4.60 320.00 0.10 -271.50 886.00 630.00 20.00 150.00 320.00 1.82 1.80 1.19 0.61 0.01 0.01 0.02 0.63 2.00
STD. DEV.
MIN 4.6 7.4 320 0.1 -271.5 886 630 20 150 320 1.82 1.8 1.19 0.61 0.01 0.01 0.02 0.63 2
MAX 4.6 7.4 320 0.1 -271.5 886 630 20 150 320 1.82 1.8 1.19 0.61 0.01 0.01 0.02 0.63 2
n 5 5 5 5 4 5 5 5 5 5 5 5 5 5 2 2 6 5 1 1 2
MEAN 15.64 402.00 0.67 -205.65 1061.40 640.00 21.80 174.20 256.80 17.20 16.20 8.05 8.15 0.06 0.03 0.84 9.15 2.90 3.00
STD. DEV. 161.00 356.90 320.62 43.73 355.74 27.38 27.90 16.18 11.84 0.07 0.02 1.89 11.31
MIN 0.3 6.4 220 0 -259 794 380 1 2 22 1.97 1.9 0.5 0.88 0.01 0.01 0.02 0.95 2.9 3 1
MAX 27.8 7.96 660 1.54 -174.9 1686 1200 100 810 1100 66.076 66 37 29 0.11 0.04 4.7 29.076 2.9 3 800

5/17/2010

5/17/2010

5/17/2010

5/17/2010

10/22/2010

10/22/2010

15" Clinoptilolite

30" Expanded ClayUNSAT-EC4

DENIT-SU2 (old)
80% Sulfur; 20% 
Sodium Sesqui.

DENIT-LS1 (old)

5/17/2010

5/17/2010

5/17/2010

10/25/2010

5/17/2010

1/28/2011

5/17/2010

UNSAT-CL2

UNSAT-CL4 30" Clinoptilolite

80% Sulfur; 20% 
Oyster Shell

Pump 15 Tank 
(DENIT-LS4 
Influent)

UNSAT-SA2 30" Sand

DFT

Denite Feed Tank (Tank 3)

Stage 2 Horizontal Biofilters Effluent

DENIT-SU2 
(new)

Stage 1 Recirculating Biofilters Effluent

UNSAT-PS1 
(new recirc)

30" Polystyrene

50% 
Lignocellulosic; 
50% Expanded Clay

DENIT-GL1
12" Gravel; 60" 
Expanded Clay

10% Limestone; 
30% Sulfur; 60% 
Expanded Clay

DENIT-LS1 
(new)

50% New 
Lignocellulosic; 
50% Expanded Clay

DENIT-SU1
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Table 5 (con’t) 
Summary of Water Quality Data 

 

            
 

 
 
  

Sample ID
Media 

Composition
Date of  
Start-up

Statistical 
Parameter

Temp 
(°C)

pH
Total 

Alkalinity 
(mg/L)

DO       
(mg/L)

ORP 
(mV)

Specific 
Conductance 

(µS)

TDS 
(mg/L)

TSS       
(mg/L)

CBOD5      

(mg/L)

COD 
(mg/L)

TN       

(mg/L N)1
TKN      

(mg/L N)

Organic N 

(mg/L N)2
NH3-N    

(mg/L N)
NO3-N    

(mg/L N)

NO2-N    

(mg/L N)

NOx      
(mg/L N)

TIN         

(mg/L N)3
TP        

(mg/L)
Ortho P 
(mg/L P)

Sulfide   
(mg/L)

H2S       

(mg/L)

SO4          

(mg/L)

Fecal      
(Ct/100 

mL)

n 6 6 6 6 5 6 6 6 6 4 6 6 6 6 1 1 6 6 2 5 5 6 3
MEAN 20.77 306.67 0.79 -73.86 1391.83 783.33 23.83 16.37 82.25 37.19 37.07 2.74 34.32 0.08 0.29 0.12 34.45 1.45 2.14 1.17 304.83
STD. DEV. 111.30 513.74 420.13 43.82 24.19 31.01 30.94 2.73 28.41 0.13 28.48 0.35 2.18 1.12 405.77
MIN 1.2 6.39 130 0.1 -246.2 1120 480 2 2 57 0.432 0.41 0 0.045 0.08 0.29 0.022 0.067 1.2 0.1 0.01 7 1
MAX 29.7 7.07 430 1.95 221.6 2438 1600 113 65 120 75.04 75 6 69 0.08 0.29 0.37 69.04 1.7 4.7 2.8 1100 10
n 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 10.70 400.00 999.00 660.00 2.00 120.00 240.00 8.96 8.90 0.20 8.70 0.05 0.01 0.06 8.76 5.20 20.00
STD. DEV.
MIN 10.7 7.3 400 999 660 2 120 240 8.96 8.9 0.2 8.7 0.05 0.01 0.06 8.76 5.2 20
MAX 10.7 7.3 400 999 660 2 120 240 8.96 8.9 0.2 8.7 0.05 0.01 0.06 8.76 5.2 20
n 6 6 6 6 5 6 6 6 6 4 6 6 6 6 1 1 6 6 2 5 5 6 3
MEAN 21.35 176.67 1.03 -192.82 1474.83 1178.33 48.33 5.52 25.25 1.10 1.04 0.61 0.44 0.01 0.21 0.06 0.50 4.25 0.58 0.13 608.33
STD. DEV. 40.33 1097.70 897.81 45.11 4.47 0.37 0.35 0.32 0.28 0.08 0.32 3.89 0.46 0.26 588.20
MIN 6.2 6.14 100 0.09 -234.5 365 700 1 2 13 0.63 0.62 0.4 0.11 0.01 0.21 0.01 0.12 1.5 0.1 0.01 250 1
MAX 30 6.8 210 3.9 -130 3506 3000 108 13 50 1.521 1.5 1.24 0.8 0.01 0.21 0.22 0.85 7 1 0.6 1800 1
n 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 25.80 0.00 69.00 0.50 -57.90 970.00 510.00 2.00 13.00 63.00 46.90 3.90 3.33 0.57 43.00 43.57 5.20 58.00
STD. DEV.
MIN 25.8 6.6 69 0.5 -57.9 970 510 2 13 63 46.9 3.9 3.33 0.57 43 43.57 5.2 58
MAX 25.8 6.6 69 0.5 -57.9 970 510 2 13 63 46.9 3.9 3.33 0.57 43 43.57 5.2 58
n 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 11.80 190.00 977.00 670.00 10.00 3.00 82.00 12.62 4.30 3.93 0.37 0.72 7.60 8.32 8.69 0.68 210.00
STD. DEV.
MIN 11.8 7.4 190 977 670 10 3 82 12.62 4.3 3.93 0.37 0.72 7.6 8.32 8.69 0.68 210
MAX 11.8 7.4 190 977 670 10 3 82 12.62 4.3 3.93 0.37 0.72 7.6 8.32 8.69 0.68 210
n 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
MEAN 4.00 210.00 12.00 39.20 980.00 600.00 3.00 2.00 26.00 7.70 1.80 1.76 0.04 3.70 2.20 5.90 5.94 130.00
STD. DEV.
MIN 4 7.5 210 12 39.2 980 600 3 2 26 7.7 1.8 1.764 0.036 3.7 2.2 5.9 5.936 130
MAX 4 7.5 210 12 39.2 980 600 3 2 26 7.7 1.8 1.764 0.036 3.7 2.2 5.9 5.936 130
n 3 3 3 3 3 3 2 2 3 2 3 3 3 3 1 1 3 3 1 1 3
MEAN 13.00 283.33 0.46 155.33 1410.00 1575.00 7.00 3.00 38.50 37.00 4.90 1.10 3.80 24.00 8.30 32.10 35.90 1.00 0.01 183.33
STD. DEV. 15.28 88.10 1025.30 4.24 1.00 2.95 1.30 1.56 2.51 4.00 3.57 92.92
MIN 8.7 6.67 270 0.43 136.5 1331 850 4 2 31 34.4 4.1 0.2 1.2 24 8.3 28 33.5 1 0.01 120
MAX 18.7 6.97 300 0.52 171.2 1505 2300 10 4 46 40.2 6.4 2.9 6.2 24 8.3 36 40 1 0.01 290
n 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
MEAN 6.20 500.00 1269.00 910.00 2.00 2.00 120.00 9.23 3.20 3.00 0.20 5.80 0.23 6.03 6.23 3.50 98.00
STD. DEV.
MIN 6.2 7.6 500 1269 910 2 2 120 9.23 3.2 3 0.2 5.8 0.23 6.03 6.23 3.5 98
MAX 6.2 7.6 500 1269 910 2 2 120 9.23 3.2 3 0.2 5.8 0.23 6.03 6.23 3.5 98
n 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 13.40 380.00 -79.60 1481.00 990.00 1.00 3.00 96.00 2.52 2.50 0.80 1.70 0.01 0.01 0.02 1.72 2.30 200.00
STD. DEV.
MIN 13.4 7.74 380 -79.6 1481 990 1 3 96 2.52 2.5 0.8 1.7 0.01 0.01 0.02 1.72 2.3 200
MAX 13.4 7.74 380 -79.6 1481 990 1 3 96 2.52 2.5 0.8 1.7 0.01 0.01 0.02 1.72 2.3 200

UNSAT-IS2 
(receives STE) 
(new)

4" EC>1.53mm; 8" 
EC ; 12" Mix (60% 
EC, 40% New 
Ligno); 4" Sulfur

UNSAT-IS3-SP 
(receives STE) 
(new)

Sample Port above 
4" Sulfur layer

UNSAT-IS3 
(receives STE) 
(new)

4" CL 8X14; 8" CL 
16X50; 12" Mix 
(60% EC, 40% New 
Ligno); 4" Sulfur

UNSAT-IS3-SP 
(receives STE) 
(old)

Sample Port above 
3" Sulfur layer

1/28/2011

1/28/2011

10/18/2010

10/18/2010

UNSAT-IS1 
(receives STE) 
(new)

4" Coarse Sand; 8" 
Fine Sand; 12" Mix 
(60% EC, 40% New 
Ligno); 4" Sulfur

UNSAT-IS2-SP 
(receives STE) 
(new)

Sample Port above 
4" Sulfur layer

1/28/2011

1/28/2011

UNSAT-IS2 

(receives NO3) 

(old)

12" Sand; 12" Mix 
(45% EC, 35% 
Ligno, 20% Sulfur)

5/17/2010

1/28/2011

5/17/2010

UNSAT-IS3 
(receives STE) 
(old)

12" Sand; 10" Mix 
(60% EC, 40% 
Ligno); 3" Sulfur)

UNSAT-IS1 
(receives STE) 
(old)

15" Sand; 12" Mix 
(45% EC, 35% 
Ligno, 20% Sulfur)

In-situ Simulator Biofilters Effluent
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Table 5 (con’t) 
Summary of Water Quality Data 

 

            
 

 
 

Sample ID
Media 

Composition
Date of  
Start-up

Statistical 
Parameter

Temp 
(°C)

pH
Total 

Alkalinity 
(mg/L)

DO       
(mg/L)

ORP 
(mV)

Specific 
Conductance 

(µS)

TDS 
(mg/L)

TSS       
(mg/L)

CBOD5      

(mg/L)

COD 
(mg/L)

TN       

(mg/L N)1
TKN      

(mg/L N)

Organic N 

(mg/L N)2
NH3-N    

(mg/L N)
NO3-N    

(mg/L N)

NO2-N    

(mg/L N)

NOx      
(mg/L N)

TIN         

(mg/L N)3
TP        

(mg/L)
Ortho P 
(mg/L P)

Sulfide   
(mg/L)

H2S       

(mg/L)

SO4          

(mg/L)

Fecal      
(Ct/100 

mL)
n 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 5.10 100.00 12.00 35.10 1050.00 710.00 1.00 2.00 22.00 52.40 3.50 3.40 0.10 46.00 2.90 48.90 49.00 92.00
STD. DEV.
MIN 5.1 6.6 100 12 35.1 1050 710 1 2 22 52.4 3.5 3.4 0.1 46 2.9 48.9 49 92
MAX 5.1 6.6 100 12 35.1 1050 710 1 2 22 52.4 3.5 3.4 0.1 46 2.9 48.9 49 92
n 3 3 3 3 3 3 1 1 2 2 4 4 4 4 1 1 4 4 4
MEAN 12.77 7.20 246.67 3.59 160.90 707.34 620.00 7.00 2.00 32.00 16.17 1.49 1.42 0.07 0.11 0.01 14.68 14.75 307.50
STD. DEV. 0.24 41.63 616.33 0.00 18.59 0.56 0.58 0.03 18.11 18.08 185.90
MIN 8.4 7.05 200 0.84 150.4 0.01 620 7 2 29 0.99 0.87 0.778 0.036 0.11 0.01 0.12 0.212 110
MAX 18.3 7.48 280 8.96 179.5 1129 620 7 2 35 43.1 2.1 2.064 0.092 0.11 0.01 41 41.036 490
n 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 14.90 430.00 1087.00 800.00 20.00 10.00 80.00 9.51 3.50 3.20 0.30 6.00 0.01 6.01 6.31 0.46 120.00
STD. DEV.
MIN 14.9 7.4 430 1087 800 20 10 80 9.51 3.5 3.2 0.3 6 0.01 6.01 6.31 0.46 120
MAX 14.9 7.4 430 1087 800 20 10 80 9.51 3.5 3.2 0.3 6 0.01 6.01 6.31 0.46 120
n 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MEAN 12.20 460.00 19.10 1346.00 870.00 44.00 10.00 88.00 10.60 4.80 4.76 0.04 4.60 1.20 5.80 5.84 0.02 170.00
STD. DEV.
MIN 12.2 6.99 460 19.1 1346 870 44 10 88 10.6 4.8 4.762 0.038 4.6 1.2 5.8 5.838 0.018 170
MAX 12.2 6.99 460 19.1 1346 870 44 10 88 10.6 4.8 4.762 0.038 4.6 1.2 5.8 5.838 0.018 170

Orange - shaded data points indicate too many colo

1/28/2011

UNSAT-IS4 

(receives NO3) 

(new)

4" Coarse Sand; 8" 
Fine Sand; 12" Mix 
(60% EC, 40% New 
Ligno); 4" Sulfur

Sample Port above 
3" Sulfur layer

UNSAT-IS4-SP 

(receives NO3) 

(old)

12" Sand; 10" Mix 
(60% EC, 40% 
Ligno); 3" Sulfur)

UNSAT-IS4 

(receives NO3) 

(old)

UNSAT-IS4-SP 

(receives NO3) 

(new)

Sample Port above 
4" Sulfur layer

10/18/2010

10/18/2010

1/28/2011

Purple-shaded data points indicate results based on colony counts outside the method indicated ideal range.
Blue-shaded data points indicate the number is greater than reported value.

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.
Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

1Total Nitrogen (TN) is a calculated value equal to the sum of TKN and NOX
2Organic Nitrogen (ON) is a calculated value equal to the difference of TKN and NH3

Notes:

EC: expanded clay, CL: clinoptilolite, PS: polystyrene, SU: elemental sulfur, LS: lignocellulosic, GL: glycerol, OS: oyster shell, NS: sodium sesquicarbonate, GR: gravel
DO - Dissolved oxygen

3Total Inorganic Nitrogen (TIN) is a calculated value equal to the sum of NH3 and NOX
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4.3 Flow Monitoring  
Influent and effluent flows were measured, recorded, and adjusted as necessary to 
maintain flow rates consistent with the experimental design following the sampling event. 
Flow measurements and adjustments are made following collection of liquid samples 
and field parameter analyses.   
 
A flow test was conducted March 23, 2011. These flow measurements are considered to 
represent those in effect leading up to and during the Sample Event 5.  The measured 
volumes and relative errors between measured and target flow rates are presented in 
Appendix C, Table 1.  For the Group I systems, measured STE inputs to four of the five 
Stage 1 biofilters were close to the 15% operational target that is considered acceptable 
for PNRS II flow rates.  The measured influent volume of UNSAT-PS1 was – 59.5% of 
the target volume.  The UNSAT-PS1 biofilter conversion to a recirculating biofilter sys-
tem required that the tubing from the Hydrosplitter be connected to an elevated recircu-
lation tank which is different from the other 4 single-pass biofilters connected to the 
same Hydrosplitter.  Therefore, it has been observed that the influent volume significant-
ly decreases to UNSAT-PS1 over time which is most likely caused by the difference in 
hydraulic head. With the abandonment of UNSAT-PS1, this problem should be fixed.  
 
Measured effluent volumes for Stage 1 single pass biofilters (Stage 2 influent) for three 
of the five biofilters were within 16% of the target volume.  DENIT-LS2 and DENIT-SU3 
were -23.9% and -31.9% of the target volume respectively (Appendix C, Table 1).  Poss-
ible reasons for the reduced volume into the directly connected Stage 2 biofilters include 
flow measurement methodology, leaks, clog in the pipe, etc.  This issue will be further 
investigated.  
 
For the Group II systems, all measured STE volumes to the Stage 1 recirculation tanks 
were within 16% of target volumes. Four of the five recycle flow volumes as recorded by 
the PLC were within 7% of target volumes based on the experimental design recycle ra-
tio of 3.0.  The recycle flow to recirculation system 4 was 0. An air lock was preventing 
the pump from running. The calculated recycle ratios (i.e. recycle flow volume divided by 
the STE flow volume) for three of the five recirculation systems were within 18% of the 
target recycle ratio of 3.0.  Although the recycle rate to the UNSAT-PS1 was close to 
target, the recycle ratio was high due to the low influent STE flow that was previously 
discussed.   
 
For Group III systems, the measured influent volumes to the Stage 2 horizontal denitrifi-
cation biofilters were all within 4% of target.   
 



o:
\4

42
37

-0
01

R
00

4\
W

pd
oc

s\
R

ep
or

t\F
in

al
 

April 2011 
 

FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY PAGE 1-20 
PNRS II TEST FACILITY DATA SUJMMARY REPORT NO. 5 HAZEN AND SAWYER, P.C. 

For Group IV biofilters, the UNSAT-IS1 measured influent volume was within 10% of the 
target volume. The UNSAT-IS2 measured influent volume was low but within 20% of the 
target volume. UNSAT-IS1 and IS2 biofilters are currently dosed from the same peristal-
tic pump.  The target hydraulic loading rates for IS1 and IS2 were 0.8 gal/SF-day and 1.2 
gal/SF-day respectively. Therefore, the ability to provide different volumes to the two bio-
filters is accomplished by using different tubing diameters. As observed in this sample 
event, neither of the target loading rates was met. Therefore, IS1 and IS2 target hydrau-
lic loading rates were revised to 1.08 and 1.11 gal/SF-day which are the loading rates 
the tubing is able to provide. The UNSAT-IS3 and UNSAT-IS4 measured influent vo-
lumes were within 20% of target volumes. 
 
After evaluating the influent flow test results, a few maintenance items were conducted:  

• Peristaltic Pump 10 pump tubing to IS1 and IS2 was calibrated March 24th  
• Peristaltic Pump 11 pump tubing to IS3 and IS4 was calibrated March 23rd   
• Recirculation Pump 9 to recirculation system 4 was fixed on March 23rd 
• Hydrosplitter tubing to UNSAT-PS1 recirculation tank (RC5) was revised to origi-

nal position to Stage 1 single-pass influent located at the top of the UNSAT-PS1 
biofilter on April 8th. The UNSAT-PS1 biofilter media will be replaced with clinopti-
lolite media. 

• Hydrosplitters 1 and 2 were calibrated April 8th.  
 

The flows were rechecked after modifications to the systems were made and are pro-
vided in Appendix C, Table 2.   

5.0 PNRS II Sample Event No. 5: Summary and Recommendations 

5.1 Summary  
The results of the fifth sampling event serve to confirm that the experimental systems 
are functioning as intended and provide the basis upon which to make system adjust-
ments and modifications.  The Sample Event No. 5 results indicate that: 

• Delivered flowrates to all biofilters continued to be generally within 15% of target; 

• Septic tank effluent (STE) quality supplied to PNRS II systems is reasonably cha-
racteristic of typical household STE quality due to system modifications; 

• Eight out of nine Stage 1 unsaturated biofilters produced effluent NH3-N of 0.5 
mg/L or less; 
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• Eight out of nine Stage 2 saturated biofilters produced effluent NOx-N of 0.07 
mg/L or less;  

These results provide continuing support of the nitrogen reduction potential of the PNRS 
II biofiltration systems.  Where expected or desired PNRS II outcomes are not being 
achieved, they appear to be due to tractable issues can be addressed, as discussed in 
the following sections. 

5.2 Recommendations  
Careful observation of PNRS II systems and the results of Sample Events No. 1 through 
5 were used to formulate recommendations for adjustments and modifications to the test 
systems and the GCREC pilot facility.  The issues to be addressed, recommended mod-
ifications and their rationale, and expected outcomes are presented below.  Recommen-
dations are made for each of the PNRS II performance issues that have been identified.  
It is believed that each issue can be resolved by implementing the recommendations.  
All recommendations are based on the overriding PNRS II goal of providing functional 
specifications for modular biofiltration components for passive onsite nitrogen reducing 
treatment systems.  The project team will continuously evaluate all PNRS II results in-
cluding those that particularly result from implementation of the recommendations and 
make further adaptations as needed. 

5.2.1 Polystyrene Biofilter (UNSAT-PS1)  
In Sample Event 5, the unsaturated recirculating biofilter with polystyrene media (UN-
SAT-PS1) continued to exhibit poor nitrogen performance as compared to the other 
stage one media.  Performance of the polystyrene media improved after switching to re-
circulation, and improved further after increasing the recycle rate to 5:1.  Further im-
provements may result from even higher recycle rates, but the energy and control re-
quirements from the system would then not satisfy the “passive” objectives of the 
project. Therefore, it is recommended to discontinue this system.  

5.2.2 DENIT-LS2 
The DENIT-LS2 upflow denitrification biofilter with new lignocellulosic media continued 
to show limited NOx reduction in Sample Event 5.  This is the Stage 2 biofilter containing 
the smallest percentage of lignocellulosic media (25% lignocellulosic media mixed with 
75% expanded clay). Therefore, a possible reason is not having enough of the lignocel-
lulosic media. Other possible reasons include toxicity (release of toxic material from lig-
nocellulosic material itself) or short circuiting. Continued monitoring is recommended.  
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5.2.3 Continue to Monitor Quality of STE Supplied to PNRS II Systems 
The characteristics of GCREC septic tank effluent in Sample Event 5 continued to be 
more typical of Florida single family residences than in previous sample events.  It 
seems likely that this was at least partially due to the system modifications that were im-
plemented after Sample Event 2 but prior to Sample Event 3.  Continued diligence will 
be maintained to insure that the PNRS II systems are supplied STE of acceptable cha-
racteristics.   

5.2.4 Modify Operation 
A track record of acceptable performance has been established for many PNRS II sys-
tems and increased flowrates are recommended.  These are: 

 
Stage 1 Biofilters 

• Expanded clay and clinoptilolite media 
- increase loading rates: 

Single pass: 3 gal/ft2-day to 5 gal/ft2-day STE 
Recycle:  3 gal/ft2-day to 6 gal/ft2-day STE  

 
Stage 2 Biofilters 

• Sulfur 
- increase loading rates: 

Single pass coupled: single pass Stage 1 effluent 
5.6 to 9.3 gal/ft2-day; 25.7 to 15.4 hour mean pore water residence 
time (MPWRT) 

Horizontal: Stage 1 w/recycle combined effluent 
10 to 20 gal/ft2-day; 43 to 21.5 hour MPWRT 

• Glycerol 
- increase loading rate:  10 to 20 gal/ft2-day; 43 to 21.5 hour MPWRT 

 
These flowrates will be implemented after Sample Event No. 6. 
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Appendix A: Operation & Maintenance Log 

 
 

Table A.1 
Operation and Maintenance Log 

Date Description 
5/17/2010 Start-up 
5/20/2010 Pump 1 not in Auto, LL float alarm, refilled Tank 1 to HIGH float 
5/24/2010 Glycerol batch #1 prepared (125 mL glycerol; 1875 mL DI water), feed rate ~ 8 mL/dose 
5/26/2010 LL float alarm, refilled Tank 1 to HIGH float 
6/1/2010 Replaced glycerol tubing 
6/4/2010 LL float alarm, refilled Tank 1 to HIGH float, determined that LOW float is faulty 

Revised floats so that old Low Float is now High float  
Revised program installed so that only LOW Float turns on/off Pump 1 

6/8/2010 Glycerol batch #2 prepared (125 mL glycerol; 1875 mL DI water), feed rate ~ 8 mL/dose 
6/18/2010 Pump 1 screen cleaned with hose 
6/21/2010 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 

Pump 8 was on "OFF", turned back to "AUTO" 
6/22/2010 Pump 5 had turned off, turned back on at 9:32 am 
6/28/2010 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 

Replaced glycerol tubing, kink in top, added elbow 
Russ replaced existing GCREC mound Pump 2 ~ 11:00 am 
All Systems Flow Check 

7/1/2010 Sample Event #1 
7/2/2010 Pump 1 screen cleaned with hose 
7/8/2010 Glycerol tubing had released to bottom of container, replaced with polyethylene tubing 

Tank 1 LOW Float alarm, revised magnet distance to shorten Pump 1 runtime 
Pump 1 screen cleaned with hose 

7/12/2010 Pump 5 Error Code 18, cleared alarm and restarted pump 
7/14/2010 UPS beeping, problem with receptacle, temporary fix with extension cord 
7/15/2010 Electrician fixed receptacle 
7/16/2010 Per Dr. Stanley all condensate flow diverted from septic system 

Russ fixed existing GCREC Mound Pump 2 which had not been running 
Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 
Glycerol batch #3 prepared (125 mL glycerol; 1875 mL DI water), feed rate ~ 8 mL/dose 
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7/16/2010 Capillary mat added to PS-1  
7/19/2010 IS 1 changed discharge (rotated 180°) now 15 inches of saturation from bottom of tank  
7/20/2010 IS 2 changed discharge (rotated 180°) now 15 inches of saturation from bottom of tank  
7/26/2010 Removed PS1 capillary mat from inside mesh bag, replaced with new mat on top of bag 

Glycerol batch #4 (70 mL glycerol; 1930 mL DI water), feed rate ~ 10 mL/dose 
8/3/2010 Glycerol batch #5 (70 mL glycerol; 1930 mL DI water), feed rate ~ 10 mL/dose 
8/4/2010 Cleaned crosses in Stage 1 Recirculating Biofilters 

Added tees to outlet of RC1 and RC4 tanks to alleviate blockage build-up 
Replaced Hydrosplitter 1 & 2 tubing 
Replaced Stage 2 horizontal tubing from Pump 11 
Cleaned Stage 2 horizontal sample ports 
Lowered Pump 1 Low Float 2 wraps to decrease volume in tank( decrease residence 
time) 

8/10/2010 Glycerol batch #6 (70 mL glycerol; 1930 mL DI water), feed rate ~ 10 mL/dose 
Raised Pump 1 Low Float 1 wrap because float down was below the hole  

8/12/2010 Revised tubing connection at top of In-Situ simulator tanks to elbow  
8/17/2010 Glycerol batch #7 (70 mL glycerol; 1930 mL DI water), feed rate ~ 10 mL/dose 

Added tees to outlet in RC2 and RC3 tanks as well 
Revised RC tanks discharge piping to flexible hose   

8/19/2010 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 
8/23/2010 Possible leak detected at Recirc Tank #2 for P7 
8/27/2010 Glycerol batch #8 (70 mL glycerol; 1930 mL DI water), feed rate ~ 10 mL/dose 
8/31/2010 Sample Event #2 
9/1/2010 Replaced elbow for Recirc Tank #2 (STE tubing) to fix leak 

All Systems Flow Check 
9/7/2010 Glycerol batch #9 (70 mL glycerol; 1930 DI water), feed rate ~ 10 mL/dose 

Removed PS1 capillary mat 
  9/9/2010 Replaced Pump 5 pump tubing 
9/10/2010 Cut the LS4 inlet pipe and used a drain snake to unclog both elbows 
9/13/2010 Glycerol batch #10 (70 mL glycerol; 1980 DI water), feed rate ~ 10 mL/dose 
9/17/2010 Modified Pump 7 runtime to 15 seconds per dose 
9/21/2010 Reconnected the glycerol tubing between bottle and pump head which had separated 

Added sample ports to recirculation pump tank discharge lines for flow measurement  
9/28/2010 Glycerol batch #11 (70 mL glycerol; 1930 DI water), feed rate ~ 10 mL/dose 

New clear glycerol bottle with graduated sides, replaced tubing 
10/5/2010 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 
10/6/2010 Glycerol batch #12 (30 mL glycerol; 1970 DI water), feed rate ~ 10 mL/dose 
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10/7/2010 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 
10/8/2010 Modified Pump 1 discharge pipe to extend through Tank 1 hole in baffle wall 
10/11/2010 DENIT-GL-1 nitrified STE influent tubing had disconnected, reattached 

Calibrated IS1 and IS2 tubing 
Calibrated Stage 2 horizontal tubing 

10/14/2010 Glycerol batch #13 (30 mL glycerol; 1970 DI water), feed rate ~ 10 mL/dose 
Built new in-situ columns IS3 and IS4 

10/15/2010 Unclogged PS1 discharge pipe 
Cleaned Pump 1 intake screen 
Lowered Pump 1 Low Float 1 wrap to decrease volume in tank 

10/18/2010 Completed IS3 and IS4 piping, started dosing  @ 9:30 am 
Added 3” coarse sand to UNSAT-IS1 for complete nitrification 

10/19/2010 Started dye test DENIT-LS2 and DENIT-LS3 
Lowered Pump 1 Low Float 1 wrap to decrease volume in tank( to decrease residence 
time) 

10/20/2010 Calibrated IS3 and IS4 tubing  
Glycerol batch #14 (15 mL glycerol; 985 DI water), feed rate ~ 10 mL/dose 

10/22/2010 Moved Pump 1 to effluent baffle tee of existing GCREC Tank 1 
Converted UNSAT-PS1 to recirculating biofilter 

10/25/2010 Glycerol batch #15 (15 mL glycerol; 985 DI water), feed rate ~ 10 mL/dose 
DENIT-SU4 media ~5.5" below initial level 
Removed DENIT-SU4, DENIT-SU2 and DENIT-LS2 media 
Cleaned tanks 
Replaced DENIT-SU2 media (30% sulfur, 10% limestone, 60% expanded clay mixture) 
Replaced DENIT-SU4 media (30% sulfur, 10% limestone, 60% expanded clay mixture) 
Replaced DENIT-LS2 media (25% lignocellulosic, 75% expanded clay mixture) 

10/27/2010 Glycerol batch #16 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
11/1/2010 Glycerol batch #17 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
11/5/2010 Glycerol batch #18 (27 mL glycerol; 986.5 DI water), feed rate ~ 10 mL/dose 
11/10/2010 Sample Event #3 
11/11/2010 Glycerol batch #19 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
11/18/2010 Glued UNSAT-IS3 and UNSAT-IS4 discharge piping to stop potential leaks 

Glycerol batch #20 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
Calibrated UNSAT-IS3 and IS4 tubing 

11/19/2010 All Systems Flow Check 
11/24/2010 Glycerol batch #21 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
11/29/2010 Glycerol batch #22 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
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11/29/2010 Threaded and glued UNSAT-IS3 and UNSAT-IS4 petcock valves 
12/1/2010 Tank 1 low-low float alarm activated, high float had activated in Tank 1 preventing   

Pump 1 to run. Cleared both alarms 
12/3/2010 Cleared plug in DENIT-LS4 influent piping 

Replaced Hydrosplitter 1 & 2 tubing 
Replaced Pump 11 pump and system tubing 
Replaced Pump 5 pump and system tubing 
Glycerol batch #23 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 

12/7/2010 Hydrosplitter 1 Flow Check 
Calibrated UNSAT-IS3 and IS4 tubing 

12/10/2010 Glycerol batch #24 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
12/13/2010 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 
12/14/2010 Increased Pump 15 runtime to 6:1 recycle rate 
12/17/2010 Glycerol batch #25 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
12/22/2010 UNSAT-IS3 and IS4 effluent samples sent to Southern 
12/23/2010 DENIT-LS4, LS2, SU3, LS3, and SU4 effluent sample to Southern 

Glycerol batch #26 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
12/27/2010 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 
12/30/2010 Hydrosplitter 1 Flow Check 

Glycerol batch #27 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
All Systems Flow Check 

1/6/2011 Glycerol batch #28 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
1/11/2011 UNSAT-IS3 and IS4 effluent Sample Event #4 samples sent to Southern 

Ponding at surface of UNSAT-IS1 and IS2 
Cleared line blockage at outlet from UNSAT-IS1 and IS2 

1/13/2011 Sample Event #4 
Glycerol batch #29 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 

1/14/2011 Stage 2 Profile Samples sent to Southern 
1/17/2011 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 

All Systems Flow Check 
Cleaned all recirculation system Stage 1 distribution pipes with tap water 
Pump 7 was air locked - restarted 

1/18/2011 Hydrosplitter 1 Flow Check - calibration 
1/21/2011 Glycerol batch #30 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
1/25/2011 Disassembled and cleaned UNSAT-IS1, IS2, IS3, IS4; DENIT-LS1, LS2, LS3, LS4 
1/26/2011 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 

Installed new media UNSAT-IS1, IS2 



o:
\4

42
37

-0
01

\\W
pd

oc
s\

R
ep

or
t\D

ra
ft 

Appendix A April 2011 

FLORIDA DEPARTMENT OF HEALTH PAGE A-5 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 5 HAZEN AND SAWYER, P.C. 

 

1/26/2011 Installed new media DENIT-LS1 
1/28/2011 Installed new media UNSAT-IS3, IS4 

Installed new media DENIT-LS2,LS3, LS4 
Replaced Pump 5 pump & system tubing  
Replaced Pump 10 pump & system tubing  

1/31/2011 Recalibrated Pump 5 & 10 
Glycerol batch #31 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 

2/2/2011 UNSAT-IS Flow Check 
2/8/2011 Glycerol batch #32 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
2/16/2011 All Systems Flow Check 

Glycerol batch #33 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
Cleaned all recirculation system Stage 1 distribution pipes with tap water 

2/22/2011 Glycerol batch #34 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
3/2/2011 Glycerol batch #35 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
3/4/2011 Cleaned Pump 1 intake screen 

Glycerol batch #36 (13.5 mL glycerol; 1000 DI water), feed rate ~ 10 mL/dose 
3/14/2011 Glycerol batch #37 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 

Pump 9 airlocked 
Started IS3 and IS4 sample collection 

3/15/2011 Collected IS3 and IS4 sample 
3/17/2011 Sample Event #5 
3/18/2011 Stage 2 Profile Samples sent to Southern 
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Figure A.1 
Capillary Mat Installed above Polystyrene Media 7/16/10 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure A.2  
Revised In-situ Simulators Discharge Piping 7/20/10 
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Figure A.3 
RC1 Outlet Tee 8/4/10 

Figure A.4 
UNSAT-CL4 before Cleaning 8/4/10 

 
 
 
 
 
 
 
 
 
 
 
 

Figure A.5 
UNSAT-CL4 after Cleaning 8/4/10 
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Figure A.6 
Unclogging UNSAT-LS4 Influent Pipe 9/10/10 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure A.7 
2” Pipe Extension into PNRS II Tank 1 Pump Chamber 10/8/10 

2” Pipe Extension 
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Figure A.8 

UNSAT-IS3 and UNSAT-IS4 Columns 10/14/10 
 
 

 
 
 
 

UNSAT-IS3 UNSAT-IS4 
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Appendix B: PLC Data Tables 

Table B.1 
Summary of PLC Recorded Daily Flows 

(1/13/11 – 3/16/11) 

Date 
Range 

 Average  
Recorded 

Flow 
(gpd) 

Std. 
Dev. 

MIN 
(gpd)

MAX 
(gpd)

Target 
Flow  
(gpd) 

Relative 
Error1 (%) 

1/13/11-
3/16/11 

Pump 4 to Hydro 1 72 4.81 64 86 73.7 -3.0% 

Pump 14 to Hydro 2 57 5.16 25 62 58.9 -3.6% 

Pump 6 to Recirc. 
System 1 43 0.63 42 45 44.2 -3.1% 

Pump 7 to Recirc. 
System 2 44 0.75 42 46 44.2 0.2% 

Pump 8 to Recirc. 
System 3 44 0.65 41 45 44.2 -2.8% 

Pump 9 to Recirc. 
System 4 31 17.12 0 46 44.2 -30.7% 

Pump 15 to Recirc. 
System 5 91 5.43 89 119 88.4 2.8% 

1Relative Error = (Recorded Flow – Target Flow)/ Target Flow *100 
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FLORIDA DEPARTMENT OF HEALTH PAGE B-2 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 5 HAZEN AND SAWYER, P.C. 

 

Table B.2 
Summary of PLC Recorded Daily Runtimes 

(1/13/11 – 3/16/11) 

Date 
Range 

 Average 
Recorded 

Daily 
Runtime 
(min/day) 

Std. 
Dev. 

MIN 
(min) 

MAX 
(min) 

Target  
Daily  

Runtime 
(min) 

Relative 
Error1 (%) 

1/13/11-
3/16/11 

Pump 4 to Hydro 1 18.0 0.28 17.0 20.0 17.6 2.4% 
Pump 14 to Hydro 2 10.7 0.9 5.0 11.0 10.4 2.4% 

Pump 6 to Recirc. 
System 1 6.4 0.5 6.0 7.0 6.0 6.3% 

Pump 7 to Recirc. 
System 2 6.4 0.5 6.0 8.0 6.0 6.6% 

Pump 8 to Recirc. 
System 3 6.4 0.5 6.0 7.0 6.0 6.3% 

Pump 9 to Recirc. 
System 4 6.4 0.5 6.0 8.0 6.0 6.9% 

Pump 15 to Recirc. 
System 5 12.9 3.4 0.0 15.0 14.0 -7.6% 

1Relative Error = (Recorded Runtime – Target Runtime)/ Target Runtime *100 
 2Pump 4 Runtime was increased to increase UNSAT-PS1 STE influent volume to target level 
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Appendix C: Flow Test Results 
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PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 5 HAZEN AND SAWYER, P.C. 

 

Table C.1 
Flow Test Results (before flow recalibration) 

Target Input 
Volume

Dose/day
Target Input 

Volume
Measured Input 

Volume
Relative Error 

(%)
Target Recycle 

Ratio (RR)

Calculated 
Recycle Ratio 

(RR)

Relative Error 
(%)

(mL/day) (Dose/day) (mL/dose) (mL/dose)

  (Measured 
Input -Target 

Input) / Target 
Input * 100

Volume Recycle 
/ Volume STE

Volume Recycle 
/ Volume STE

Measured RR - 
Target RR / 

Measured RR * 
100

 Stage 1 Single Pass Biofilters        
(Hydrosplitter 1)

Date
3/23/2011 10:00 -

11:00 am

UNSAT-PS1 940 -59.5%

UNSAT-CL3 1,880 -18.9%

UNSAT-CL1 2,510 8.2%

UNSAT-EC3 2,720 17.3%

UNSAT-EC1 2,680 15.6%

Mean 2,146 -7.5%

Stage 2 Single Pass Upflow Biofilters

Date
3/23/2011 9:00-

10:00 am

DENIT-LS4 2,700 16.4%

DENIT-LS2 1,765 -23.9%

DENIT-SU3 1,580 -31.9%

DENIT-LS3 2,340 0.9%

DENIT-SU4 2,020 -12.9%

Mean 2,081 -10.3%

Stage 1 Recirculating Biofilters 
(Hydrosplitter 2)

Date
(3/23/2011) STE 
10:30 - 11:30 am

RC1 : UNSAT-SA2 1,940 -16.3%

RC2 : UNSAT-EC4 1,990 -14.2%

RC3 : UNSAT-CL2 1,980 -14.6%

RC4 : UNSAT-CL4 2,160 -6.9%

Mean 2,018 -13.0%

Stage 1 Recirculating Biofilters   
(Recycle)

Flowmeter  R 
3/23/2011  

RC1 : UNSAT-SA2 7,097 2.0% 3.66 18.0%

RC2 : UNSAT-EC4 7,255 4.3% 3.65 17.7%

RC3 : UNSAT-CL2 7,097 2.0% 3.58 16.3%

RC4 : UNSAT-CL4 0 -100.0% 0.00 -100.0%

Mean 5,362 -22.9% 2.72 -12.0%

RC5 : UNSAT-PS1 333,936 24 13,914 12,932 -7.1% 6:1 13.76 56.4%

Stage 1 Recirculating Biofilters  
(Hydrosplitter + Recycle)

RC1 : UNSAT-SA2 9,037

RC2 : UNSAT-EC4 9,245

RC3 : UNSAT-CL2 9,077

RC4 : UNSAT-CL4 2,160

Mean 7,380

RC5 : UNSAT-PS1 389,592 24 16,233 13,872

Horizontal Denitrification Biofilters

Date
3/23/2011 9:30 - 

10:30 am 

DENIT-SU1 315 2.0%

DENIT-SU2 315 2.0%

DENIT-GL1 295 -4.4%

DENIT-LS1 302 -2.2%

Mean 307 -0.6%

 In-Situ Simulators

Date
3/23/2011 8:30 -

9:30 am

UNSAT-IS1 (STE) 14,865 24 619 680 9.8%

UNSAT-IS2 (Nitrified STE) 22,298 24 929 735 -20.9%

UNSAT-IS3 (STE) 30 -19.4%

UNSAT-IS4 (Nitrified STE) 33 -11.3%

  Notes:  Yellow-shaded cells are measured values; grey-shaded cells are calculated values

Recycle Ratio

3:1

Group        
(Figure 1)

Biofilter/Flow

Target Input Measured Input

1

55,656 24 2,319

55,656 24 2,319

2

55,656 24 2,319

3
7,409 24 308.7

166,968 24 6,957

222,624 24 9,276

4

37893 24
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Table C.2 
Flow Test Results (after flow recalibration) 

(Modifications are indicated in green)  

Target Input 
Volume

Dose/day
Target Input 

Volume
Measured Input 

Volume
Relative Error 

(%)
Target Recycle 

Ratio (RR)

Calculated 
Recycle Ratio 

(RR)

Relative Error 
(%)

(mL/day) (Dose/day) (mL/dose) (mL/dose)

  (Measured 
Input -Target 

Input) / Target 
Input * 100

Volume Recycle 
/ Volume STE

Volume Recycle 
/ Volume STE

Measured RR - 
Target RR / 

Measured RR * 
100

 Stage 1 Single Pass Biofilters        
(Hydrosplitter 1)

Date
4/8/2011 5:00 - 

6:00 pm

UNSAT-PS1 2,350 1.3%

UNSAT-CL3 2,200 -5.1%

UNSAT-CL1 2,260 -2.5%

UNSAT-EC3 2,300 -0.8%

UNSAT-EC1 2,320 0.0%

Mean 2,286 -1.4%

Stage 2 Single Pass Upflow Biofilters

Date
3/23/2011 9:00-

10:00 am

DENIT-LS4 2,700 16.4%

DENIT-LS2 1,765 -23.9%

DENIT-SU3 1,580 -31.9%

DENIT-LS3 2,340 0.9%

DENIT-SU4 2,020 -12.9%

Mean 2,081 -10.3%

Stage 1 Recirculating Biofilters 
(Hydrosplitter 2)

Date
(4/8/2011) STE 
3:30 - 4:30 pm

RC1 : UNSAT-SA2 2,290 -1.3%

RC2 : UNSAT-EC4 2,140 -7.7%

RC3 : UNSAT-CL2 2,330 0.5%

RC4 : UNSAT-CL4 2,310 -0.4%

Mean 2,268 -2.2%

Stage 1 Recirculating Biofilters   
(Recycle)

Flowmeter  R 
4/8/2011  

RC1 : UNSAT-SA2 6,781 -2.5% 2.96 -1.3%

RC2 : UNSAT-EC4 7,097 2.0% 3.32 9.5%

RC3 : UNSAT-CL2 6,781 -2.5% 2.91 -3.1%

RC4 : UNSAT-CL4 6,939 -0.3% 3.00 -0.3%

Mean 6,900 -0.8% 3.05 1.2%

RC5 : UNSAT-PS1 333,936 24 13,914 14,036 0.9% 6:1 5.97 -0.5%

Stage 1 Recirculating Biofilters  
(Hydrosplitter + Recycle)

RC1 : UNSAT-SA2 9,071

RC2 : UNSAT-EC4 9,237

RC3 : UNSAT-CL2 9,111

RC4 : UNSAT-CL4 9,249

Mean 9,167

RC5 : UNSAT-PS1 389,592 24 16,233 16,386

Horizontal Denitrification Biofilters

Date
3/23/2011 9:30 - 

10:30 am 

DENIT-SU1 315 2.0%

DENIT-SU2 315 2.0%

DENIT-GL1 295 -4.4%

DENIT-LS1 302 -2.2%

Mean 307 -0.6%

 In-Situ Simulators

Date
3/24/2011 dose @ 

12:00 am

UNSAT-IS1 (STE) 20,160 24 840 840 0.0%

UNSAT-IS2 (Nitrified STE) 20,640 24 860 860 0.0%

3/23/2011 dose @ 
9:42 am

UNSAT-IS3 (STE) 36.5 -1.9%

UNSAT-IS4 (Nitrified STE) 38.0 2.2%

  Notes:  Yellow-shaded cells are measured values; grey-shaded cells are calculated values

3:1

Recycle Ratio

37

3
7,409 24 308.7

4

893 24

2

55,656 24 2,319

166,968 24 6,957

222,624 24 9,276

1

55,656 24 2,319

55,656 24 2,319

Group        
(Figure 1)

Biofilter/Flow

Target Input Measured Input
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Work Order: 1102050

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

March 25, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-01

03/17/11 12:15

Sean Harmon

03/17/11 14:15

PNRS II STE-T1  

Field Parameters

DEP FT1100 SDHpH SU 0.1 03/17/11 12:150.17.5

DEP FT1400 SDHWater Temperature °C 0.1 03/17/11 12:150.121.4

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 03/17/11 12:150.11,099

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 03/17/11 12:150.12.8

Inorganics

SM 4550SF MMFHydrogen Sulfide (Unionized) mg/L 03/21/11 15:540.04 03/21/11 15:550.011.2

EPA 350.1 SMDAmmonia as N mg/L 0.010 03/21/11 16:380.00565

SM 5210B MEJCarbonaceous BOD mg/L 03/18/11 15:072 03/23/11 08:27293

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 03/23/11 08:0010380

EPA 300.0 MEJNitrate (as N) mg/L 0.04 03/18/11 10:090.010.05

EPA 300.0 MEJNitrite (as N) mg/L 0.04 03/18/11 10:090.010.01 U

SM 4500P-E SMDPhosphorous - Total as P mg/L 03/21/11 11:080.040 03/24/11 08:530.01013

EPA 300.0 MEJSulfate mg/L 0.60 03/18/11 10:090.2038

SM 4500SF MMFSulfide mg/L 0.40 03/21/11 15:310.105.2

SM 2320B JMKTotal Alkalinity mg/L 03/22/11 09:008.0 03/22/11 15:212.0400

SM 2540C MMFTotal Dissolved Solids mg/L 03/18/11 11:2210 03/22/11 15:0310450

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 03/21/11 11:450.20 03/22/11 12:350.0578

SM 2540D MMFTotal Suspended Solids mg/L 03/18/11 11:191 03/18/11 14:491110

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-02

03/17/11 12:05

Sean Harmon

03/17/11 14:15

RC1  

Field Parameters

DEP FT1100 SDHpH SU 0.1 03/17/11 12:050.17.4

DEP FT1400 SDHWater Temperature °C 0.1 03/17/11 12:050.117.0

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 03/17/11 12:050.1894

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 03/17/11 12:050.10.2

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 03/21/11 16:380.00512

SM 5210B MEJCarbonaceous BOD mg/L 03/18/11 15:072 03/23/11 08:2722

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 03/22/11 08:001032

EPA 300.0 MEJNitrate (as N) mg/L 0.04 03/18/11 10:090.0121

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1102050

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

March 25, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-02

03/17/11 12:05

Sean Harmon

03/17/11 14:15

RC1  

EPA 300.0 MEJNitrite (as N) mg/L 0.04 03/18/11 10:090.011.4

EPA 300.0 MEJOrthophosphate as P mg/L 0.040 03/18/11 10:090.0103.2

SM 2320B JMKTotal Alkalinity mg/L 03/22/11 09:008.0 03/22/11 15:212.0180

SM 2540C MMFTotal Dissolved Solids mg/L 03/18/11 11:2210 03/22/11 15:0310530

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 03/21/11 11:450.20 03/22/11 12:350.0514

SM 2540D MMFTotal Suspended Solids mg/L 03/18/11 11:191 03/18/11 14:4911 U

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-03

03/17/11 12:00

Sean Harmon

03/17/11 14:15

RC2  

Field Parameters

DEP FT1100 SDHpH SU 0.1 03/17/11 12:000.17.4

DEP FT1400 SDHWater Temperature °C 0.1 03/17/11 12:000.118.2

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 03/17/11 12:000.1904

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 03/17/11 12:000.10.2

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 03/21/11 16:380.00512

SM 5210B MEJCarbonaceous BOD mg/L 03/18/11 15:072 03/23/11 08:2722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 03/22/11 08:001034

EPA 300.0 MEJNitrate (as N) mg/L 0.04 03/18/11 10:090.0123

EPA 300.0 MEJNitrite (as N) mg/L 0.04 03/18/11 10:090.011.2

EPA 300.0 MEJOrthophosphate as P mg/L 0.040 03/18/11 10:090.0103.4

SM 2320B JMKTotal Alkalinity mg/L 03/22/11 09:008.0 03/22/11 15:212.0180

SM 2540C MMFTotal Dissolved Solids mg/L 03/18/11 11:2210 03/22/11 15:0310550

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 03/21/11 11:450.20 03/22/11 12:350.0513

SM 2540D MMFTotal Suspended Solids mg/L 03/18/11 11:191 03/18/11 14:4912

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-04

03/17/11 11:55

Sean Harmon

03/17/11 14:15

RC3  

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1102050

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

March 25, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-04

03/17/11 11:55

Sean Harmon

03/17/11 14:15

RC3  

Field Parameters

DEP FT1100 SDHpH SU 0.1 03/17/11 11:550.17.5

DEP FT1400 SDHWater Temperature °C 0.1 03/17/11 11:550.117.6

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 03/17/11 11:550.1925

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 03/17/11 11:550.11.5

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 03/21/11 16:380.00516

SM 5210B MEJCarbonaceous BOD mg/L 03/18/11 15:072 03/23/11 08:2728

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 03/22/11 08:001051

EPA 300.0 MEJNitrate (as N) mg/L 0.04 03/18/11 10:090.0113

EPA 300.0 MEJNitrite (as N) mg/L 0.04 03/18/11 10:090.015.0

EPA 300.0 MEJOrthophosphate as P mg/L 0.040 03/18/11 10:090.0106.6

SM 2320B JMKTotal Alkalinity mg/L 03/22/11 09:008.0 03/22/11 15:212.0230

SM 2540C MMFTotal Dissolved Solids mg/L 03/18/11 11:2210 03/22/11 15:0310510

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 03/21/11 11:450.20 03/22/11 12:350.0516

SM 2540D MMFTotal Suspended Solids mg/L 03/18/11 11:191 03/18/11 14:4918

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-05

03/17/11 11:50

Sean Harmon

03/17/11 14:15

RC4  

Field Parameters

DEP FT1100 SDHpH SU 0.1 03/17/11 11:500.17.8

DEP FT1400 SDHWater Temperature °C 0.1 03/17/11 11:500.116.9

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 03/17/11 11:500.1901

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 03/17/11 11:500.10.1

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 03/24/11 15:200.00513

SM 5210B MEJCarbonaceous BOD mg/L 03/18/11 15:072 03/23/11 08:2723

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 03/22/11 08:001047

EPA 300.0 MEJNitrate (as N) mg/L 0.04 03/18/11 10:090.010.14

EPA 300.0 MEJNitrite (as N) mg/L 0.04 03/18/11 10:090.011.7

EPA 300.0 MEJOrthophosphate as P mg/L 0.040 03/18/11 10:090.0106.1

SM 2320B JMKTotal Alkalinity mg/L 03/22/11 09:008.0 03/22/11 15:212.0290

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1102050

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

March 25, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-05

03/17/11 11:50

Sean Harmon

03/17/11 14:15

RC4  

SM 2540C MMFTotal Dissolved Solids mg/L 03/18/11 11:2210 03/22/11 15:0310460

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 03/21/11 11:450.20 03/22/11 12:350.0524

SM 2540D MMFTotal Suspended Solids mg/L 03/18/11 11:191 03/18/11 14:4912

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-06

03/17/11 11:40

Sean Harmon

03/17/11 14:15

RC5  

Field Parameters

DEP FT1100 SDHpH SU 0.1 03/17/11 11:400.17.4

DEP FT1400 SDHWater Temperature °C 0.1 03/17/11 11:400.116.5

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 03/17/11 11:400.1888

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 03/17/11 11:400.10.5

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 03/21/11 16:380.00523

SM 5210B MEJCarbonaceous BOD mg/L 03/18/11 15:072 03/23/11 08:2722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 03/22/11 08:001057

EPA 300.0 MEJNitrate (as N) mg/L 0.04 03/18/11 10:090.015.2

EPA 300.0 MEJNitrite (as N) mg/L 0.04 03/18/11 10:090.013.4

EPA 300.0 MEJOrthophosphate as P mg/L 0.040 03/18/11 10:090.0105.7

SM 2320B JMKTotal Alkalinity mg/L 03/22/11 09:008.0 03/22/11 15:212.0230

SM 2540C MMFTotal Dissolved Solids mg/L 03/18/11 11:2210 03/22/11 15:0310440

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 03/21/11 11:450.20 03/22/11 12:350.0524

SM 2540D MMFTotal Suspended Solids mg/L 03/18/11 11:191 03/18/11 14:4918

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-07

03/17/11 11:00

Sean Harmon

03/17/11 14:15

P15-T  

Field Parameters

DEP FT1100 SDHpH SU 0.1 03/17/11 11:000.17.2

DEP FT1400 SDHWater Temperature °C 0.1 03/17/11 11:000.118.6

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1102050

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

March 25, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-07

03/17/11 11:00

Sean Harmon

03/17/11 14:15

P15-T  

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 03/17/11 11:000.1834

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 03/17/11 11:000.11.0

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 03/21/11 16:380.00522

SM 5210B MEJCarbonaceous BOD mg/L 03/18/11 15:072 03/23/11 08:2724

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 03/22/11 08:001045

EPA 300.0 MEJNitrate (as N) mg/L 0.04 03/18/11 10:090.0113

EPA 300.0 MEJNitrite (as N) mg/L 0.04 03/18/11 10:090.010.98

EPA 300.0 MEJOrthophosphate as P mg/L 0.040 03/18/11 10:090.0103.8

SM 2320B JMKTotal Alkalinity mg/L 03/22/11 09:008.0 03/22/11 15:212.0190

SM 2540C MMFTotal Dissolved Solids mg/L 03/18/11 11:2210 03/22/11 15:0310480

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 03/21/11 11:450.20 03/22/11 12:350.0524

SM 2540D MMFTotal Suspended Solids mg/L 03/18/11 11:191 03/18/11 14:4911 U

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-08

03/17/11 12:45

Sean Harmon

03/17/11 14:15

UNSAT-IS1  

Field Parameters

DEP FT1100 SDHpH SU 0.1 03/17/11 12:450.17.3

DEP FT1400 SDHWater Temperature °C 0.1 03/17/11 12:450.110.7

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 03/17/11 12:450.1999

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 03/21/11 16:380.0058.7

SM 5210B MEJCarbonaceous BOD mg/L 03/18/11 15:072 03/23/11 08:272120

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 03/22/11 08:0010240

EPA 300.0 MEJNitrate (as N) mg/L 0.04 03/18/11 10:090.010.05

EPA 300.0 MEJNitrite (as N) mg/L 0.04 03/18/11 10:090.010.01 U

EPA 300.0 MEJOrthophosphate as P mg/L 0.040 03/18/11 10:090.0105.2

EPA 300.0 MEJSulfate mg/L 0.60 03/18/11 10:090.2020

SM 2320B JMKTotal Alkalinity mg/L 03/22/11 09:008.0 03/22/11 15:212.0400

SM 2540C MMFTotal Dissolved Solids mg/L 03/18/11 11:2210 03/22/11 15:0310660

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 03/21/11 11:450.20 03/22/11 12:350.058.9

SM 2540D MMFTotal Suspended Solids mg/L 03/18/11 11:191 03/18/11 14:4912

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1102050

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

March 25, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-09

03/17/11 12:40

Sean Harmon

03/17/11 14:15

UNSAT-IS2  

Field Parameters

DEP FT1100 SDHpH SU 0.1 03/17/11 12:400.17.4

DEP FT1400 SDHWater Temperature °C 0.1 03/17/11 12:400.111.8

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 03/17/11 12:400.1977

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 03/21/11 16:380.0050.37

SM 5210B MEJCarbonaceous BOD mg/L 03/18/11 15:072 03/23/11 08:2723

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 03/22/11 08:001082

EPA 300.0 MEJNitrate (as N) mg/L 0.04 03/18/11 10:090.010.72

EPA 300.0 MEJNitrite (as N) mg/L 0.04 03/18/11 10:090.017.6

EPA 300.0 MEJOrthophosphate as P mg/L 0.040 03/18/11 10:090.0100.68

EPA 300.0 MEJSulfate mg/L 0.60 03/21/11 14:030.20210

SM 2320B JMKTotal Alkalinity mg/L 03/22/11 09:008.0 03/22/11 15:212.0190

SM 2540C MMFTotal Dissolved Solids mg/L 03/18/11 11:2210 03/22/11 15:0310670

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 03/21/11 11:450.20 03/22/11 12:350.054.3

SM 2540D MMFTotal Suspended Solids mg/L 03/18/11 11:191 03/18/11 14:49110

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-10

03/17/11 12:35

Sean Harmon

03/17/11 14:15

UNSAT-IS3-SP  

Field Parameters

DEP FT1100 SDHpH SU 0.1 03/17/11 12:350.17.6

DEP FT1400 SDHWater Temperature °C 0.1 03/17/11 12:350.16.2

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 03/17/11 12:350.11,269

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 03/21/11 16:380.0050.20

SM 5210B MEJCarbonaceous BOD mg/L 03/18/11 15:072 03/23/11 08:2722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 03/22/11 08:0010120

EPA 300.0 MEJNitrate (as N) mg/L 0.04 03/18/11 10:090.015.8

EPA 300.0 MEJNitrite (as N) mg/L 0.04 03/18/11 10:090.010.23

EPA 300.0 MEJOrthophosphate as P mg/L 0.040 03/18/11 10:090.0103.5

EPA 300.0 MEJSulfate mg/L 0.60 03/22/11 13:380.2098

SM 2320B JMKTotal Alkalinity mg/L 03/22/11 09:008.0 03/22/11 15:212.0500

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1102050

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

March 25, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-10

03/17/11 12:35

Sean Harmon

03/17/11 14:15

UNSAT-IS3-SP  

SM 2540C MMFTotal Dissolved Solids mg/L 03/18/11 11:2210 03/22/11 15:0310910

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 03/21/11 11:450.20 03/22/11 12:350.053.2

SM 2540D MMFTotal Suspended Solids mg/L 03/18/11 11:191 03/18/11 14:4912

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-11

03/17/11 12:30

Sean Harmon

03/17/11 14:15

UNSAT-IS4-SP  

Field Parameters

DEP FT1100 SDHpH SU 0.1 03/17/11 12:300.17.4

DEP FT1400 SDHWater Temperature °C 0.1 03/17/11 12:300.114.9

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 03/17/11 12:300.11,087

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 03/21/11 16:380.0050.30

SM 5210B MEJCarbonaceous BOD mg/L 03/18/11 15:072 03/23/11 08:27210

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 03/22/11 08:001080

EPA 300.0 MEJNitrate (as N) mg/L 0.04 03/18/11 10:090.016.0

EPA 300.0 MEJNitrite (as N) mg/L 0.04 03/18/11 10:090.010.01 U

EPA 300.0 MEJOrthophosphate as P mg/L 0.040 03/18/11 10:090.0100.46

EPA 300.0 MEJSulfate mg/L 0.60 03/22/11 13:380.20120

SM 2320B JMKTotal Alkalinity mg/L 03/22/11 09:008.0 03/22/11 15:212.0430

SM 2540C MMFTotal Dissolved Solids mg/L 03/18/11 11:2210 03/22/11 15:0310800

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 03/21/11 11:450.20 03/22/11 12:350.053.5

SM 2540D MMFTotal Suspended Solids mg/L 03/18/11 11:191 03/18/11 14:49120

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-12

03/17/11 11:30

Sean Harmon

03/17/11 14:15

UNSAT-EC1  

Field Parameters

DEP FT1100 SDHpH SU 0.1 03/17/11 11:300.17.1

DEP FT1400 SDHWater Temperature °C 0.1 03/17/11 11:300.19.6

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1102050

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

March 25, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-12

03/17/11 11:30

Sean Harmon

03/17/11 14:15

UNSAT-EC1  

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 03/17/11 11:300.11,048

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 03/17/11 11:300.16.6

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 03/21/11 16:380.0050.035

SM 5210B MEJCarbonaceous BOD mg/L 03/18/11 15:072 03/23/11 08:2722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 03/22/11 08:001022 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 03/18/11 10:090.0157

EPA 300.0 MEJNitrite (as N) mg/L 0.04 03/18/11 10:090.010.01 U

EPA 300.0 MEJOrthophosphate as P mg/L 0.040 03/18/11 10:090.0101.0

EPA 300.0 MEJSulfate mg/L 0.60 03/18/11 10:090.2067

SM 2320B JMKTotal Alkalinity mg/L 03/22/11 09:008.0 03/22/11 15:212.0160

SM 2540C MMFTotal Dissolved Solids mg/L 03/18/11 11:2210 03/22/11 15:0310720

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 03/21/11 11:450.20 03/22/11 12:350.053.9

SM 2540D MMFTotal Suspended Solids mg/L 03/18/11 11:191 03/18/11 14:4912

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-13

03/17/11 10:25

Sean Harmon

03/17/11 14:15

UNSAT-SA2  

Field Parameters

DEP FT1100 SDHpH SU 0.1 03/17/11 10:250.17.0

DEP FT1400 SDHWater Temperature °C 0.1 03/17/11 10:250.114.1

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 03/17/11 10:250.1859

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 03/17/11 10:250.16.1

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 03/21/11 16:380.0050.050

SM 5210B MEJCarbonaceous BOD mg/L 03/18/11 15:072 03/23/11 08:2722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 03/22/11 08:001018 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 03/18/11 10:090.0132

EPA 300.0 MEJNitrite (as N) mg/L 0.04 03/18/11 10:090.010.01 U

EPA 300.0 MEJOrthophosphate as P mg/L 0.040 03/18/11 10:090.0102.1

SM 2320B JMKTotal Alkalinity mg/L 03/22/11 09:008.0 03/22/11 15:212.0140

SM 2540C MMFTotal Dissolved Solids mg/L 03/18/11 11:2210 03/22/11 15:0310560

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 03/21/11 11:450.20 03/22/11 12:350.053.0

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1102050

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

March 25, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-13

03/17/11 10:25

Sean Harmon

03/17/11 14:15

UNSAT-SA2  

SM 2540D MMFTotal Suspended Solids mg/L 03/18/11 11:191 03/18/11 14:4911 U

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-14

03/17/11 11:25

Sean Harmon

03/17/11 14:15

UNSAT-EC3  

Field Parameters

DEP FT1100 SDHpH SU 0.1 03/17/11 11:250.17.1

DEP FT1400 SDHWater Temperature °C 0.1 03/17/11 11:250.110.8

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 03/17/11 11:250.11,059

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 03/17/11 11:250.16.1

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 03/21/11 16:380.0050.011

SM 5210B MEJCarbonaceous BOD mg/L 03/18/11 15:072 03/23/11 08:2722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 03/22/11 08:001016 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 03/18/11 10:090.0149

EPA 300.0 MEJNitrite (as N) mg/L 0.04 03/18/11 10:090.010.01 U

EPA 300.0 MEJOrthophosphate as P mg/L 0.040 03/18/11 10:090.0101.5

SM 2320B JMKTotal Alkalinity mg/L 03/22/11 09:008.0 03/22/11 15:212.0210

SM 2540C MMFTotal Dissolved Solids mg/L 03/18/11 11:2210 03/22/11 15:0310740

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 03/21/11 11:450.20 03/22/11 12:350.053.3

SM 2540D MMFTotal Suspended Solids mg/L 03/18/11 11:191 03/18/11 14:4912

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-15

03/17/11 10:10

Sean Harmon

03/17/11 14:15

UNSAT-EC4  

Field Parameters

DEP FT1100 SDHpH SU 0.1 03/17/11 10:100.17.0

DEP FT1400 SDHWater Temperature °C 0.1 03/17/11 10:100.114.9

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 03/17/11 10:100.1869

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 03/17/11 10:100.18.1

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1102050

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

March 25, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-15

03/17/11 10:10

Sean Harmon

03/17/11 14:15

UNSAT-EC4  

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 03/21/11 16:380.0050.021

SM 5210B MEJCarbonaceous BOD mg/L 03/18/11 15:072 03/23/11 08:2722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 03/22/11 08:001018 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 03/18/11 10:090.0137

EPA 300.0 MEJNitrite (as N) mg/L 0.04 03/18/11 10:090.010.01 U

EPA 300.0 MEJOrthophosphate as P mg/L 0.040 03/18/11 10:090.0101.8

SM 2320B JMKTotal Alkalinity mg/L 03/22/11 09:008.0 03/22/11 15:212.0110

SM 2540C MMFTotal Dissolved Solids mg/L 03/22/11 09:3610 03/23/11 09:2310590

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 03/21/11 11:450.20 03/22/11 12:350.052.5

SM 2540D MMFTotal Suspended Solids mg/L 03/18/11 11:191 03/18/11 14:4911 U

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-16

03/17/11 11:20

Sean Harmon

03/17/11 14:15

UNSAT-CL1  

Field Parameters

DEP FT1100 SDHpH SU 0.1 03/17/11 11:200.17.4

DEP FT1400 SDHWater Temperature °C 0.1 03/17/11 11:200.15.8

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 03/17/11 11:200.11,193

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 03/17/11 11:200.16.2

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 03/21/11 16:380.0050.021

SM 5210B MEJCarbonaceous BOD mg/L 03/18/11 15:072 03/23/11 08:2722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 03/22/11 08:001022 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 03/18/11 10:090.0173

EPA 300.0 MEJNitrite (as N) mg/L 0.04 03/18/11 10:090.010.01 U

EPA 300.0 MEJOrthophosphate as P mg/L 0.040 03/18/11 10:090.0101.8

EPA 300.0 MEJSulfate mg/L 0.60 03/18/11 10:090.2061

SM 2320B JMKTotal Alkalinity mg/L 03/22/11 09:008.0 03/22/11 15:212.0190

SM 2540C MMFTotal Dissolved Solids mg/L 03/22/11 09:3610 03/23/11 09:2310850

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 03/21/11 11:450.20 03/22/11 12:350.055.2

SM 2540D MMFTotal Suspended Solids mg/L 03/18/11 11:191 03/18/11 14:4912

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1102050

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

March 25, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-17

03/17/11 10:05

Sean Harmon

03/17/11 14:15

UNSAT-CL2  

Field Parameters

DEP FT1100 SDHpH SU 0.1 03/17/11 10:050.17.2

DEP FT1400 SDHWater Temperature °C 0.1 03/17/11 10:050.111.7

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 03/17/11 10:050.1900

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 03/17/11 10:050.12.9

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 03/21/11 16:380.0050.006 I

SM 5210B MEJCarbonaceous BOD mg/L 03/18/11 15:072 03/23/11 08:2722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 03/22/11 12:301022 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 03/18/11 10:090.0136

EPA 300.0 MEJNitrite (as N) mg/L 0.04 03/18/11 10:090.010.15

EPA 300.0 MEJOrthophosphate as P mg/L 0.040 03/18/11 10:090.0102.3

SM 2320B JMKTotal Alkalinity mg/L 03/22/11 09:008.0 03/22/11 15:212.0150

SM 2540C MMFTotal Dissolved Solids mg/L 03/22/11 09:3610 03/23/11 09:2310620

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 03/21/11 11:450.20 03/22/11 12:350.052.8

SM 2540D MMFTotal Suspended Solids mg/L 03/18/11 11:191 03/18/11 14:4911 U

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-18

03/17/11 11:15

Sean Harmon

03/17/11 14:15

UNSAT-CL3  

Field Parameters

DEP FT1100 SDHpH SU 0.1 03/17/11 11:150.17.5

DEP FT1400 SDHWater Temperature °C 0.1 03/17/11 11:150.110.6

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 03/17/11 11:150.11,130

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 03/17/11 11:150.17.5

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 03/21/11 16:380.0050.033

SM 5210B MEJCarbonaceous BOD mg/L 03/18/11 15:072 03/23/11 08:2722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 03/22/11 12:301018 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 03/18/11 10:090.0163

EPA 300.0 MEJNitrite (as N) mg/L 0.04 03/18/11 10:090.010.01 U

EPA 300.0 MEJOrthophosphate as P mg/L 0.040 03/18/11 10:090.0103.0

SM 2320B JMKTotal Alkalinity mg/L 03/22/11 09:008.0 03/22/11 15:212.0230

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1102050

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

March 25, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-18

03/17/11 11:15

Sean Harmon

03/17/11 14:15

UNSAT-CL3  

SM 2540C MMFTotal Dissolved Solids mg/L 03/22/11 09:3610 03/23/11 09:2310850

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 03/21/11 11:450.20 03/22/11 12:350.053.1

SM 2540D MMFTotal Suspended Solids mg/L 03/18/11 11:191 03/18/11 14:4912

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-19

03/17/11 10:00

Sean Harmon

03/17/11 14:15

UNSAT-CL4  

Field Parameters

DEP FT1100 SDHpH SU 0.1 03/17/11 10:000.18.2

DEP FT1400 SDHWater Temperature °C 0.1 03/17/11 10:000.112.2

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 03/17/11 10:000.1860

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 03/17/11 10:000.17.4

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 03/21/11 16:380.0050.006 I

SM 5210B MEJCarbonaceous BOD mg/L 03/18/11 15:072 03/23/11 08:2722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 03/22/11 12:301016 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 03/18/11 10:090.0133

EPA 300.0 MEJNitrite (as N) mg/L 0.04 03/18/11 10:090.010.01 U

EPA 300.0 MEJOrthophosphate as P mg/L 0.040 03/18/11 10:090.0104.9

SM 2320B JMKTotal Alkalinity mg/L 03/22/11 09:008.0 03/22/11 15:212.0110

SM 2540C MMFTotal Dissolved Solids mg/L 03/22/11 09:3610 03/23/11 09:2310600

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 03/21/11 11:450.20 03/22/11 12:350.052.7

SM 2540D MMFTotal Suspended Solids mg/L 03/18/11 11:191 03/18/11 14:4911 U

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-20

03/17/11 11:45

Sean Harmon

03/17/11 14:15

UNSAT-PS1  

Field Parameters

DEP FT1100 SDHpH SU 0.1 03/17/11 11:450.17.3

DEP FT1400 SDHWater Temperature °C 0.1 03/17/11 11:450.115.1

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1102050

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

March 25, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-20

03/17/11 11:45

Sean Harmon

03/17/11 14:15

UNSAT-PS1  

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 03/17/11 11:450.1845

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 03/17/11 11:450.10.6

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 03/21/11 16:380.00515

SM 5210B MEJCarbonaceous BOD mg/L 03/18/11 15:072 03/23/11 08:2722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 03/22/11 12:301051

EPA 300.0 MEJNitrate (as N) mg/L 0.04 03/18/11 18:560.0113

EPA 300.0 MEJNitrite (as N) mg/L 0.04 03/18/11 18:560.011.7

EPA 300.0 MEJOrthophosphate as P mg/L 0.040 03/18/11 18:560.0102.2

SM 2320B JMKTotal Alkalinity mg/L 03/22/11 09:008.0 03/22/11 15:212.0130

SM 2540C MMFTotal Dissolved Solids mg/L 03/22/11 09:3610 03/23/11 09:2310490

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 03/21/11 11:450.20 03/22/11 12:350.0516

SM 2540D MMFTotal Suspended Solids mg/L 03/21/11 10:011 03/22/11 09:2812

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-21

03/17/11 08:16

Sean Harmon

03/17/11 14:15

DENIT-SU1  

Field Parameters

DEP FT1100 SDHpH SU 0.1 03/17/11 08:160.17.0

DEP FT1400 SDHWater Temperature °C 0.1 03/17/11 08:160.17.2

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 03/17/11 08:160.11,254

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 03/17/11 08:160.10.1 U

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 03/24/11 15:200.0051.7

SM 5210B MEJCarbonaceous BOD mg/L 03/18/11 15:072 03/23/11 08:2722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 03/22/11 12:301045

EPA 300.0 MEJNitrate (as N) mg/L 0.04 03/18/11 18:560.010.05

EPA 300.0 MEJNitrite (as N) mg/L 0.04 03/18/11 18:560.010.01 U

EPA 300.0 MEJOrthophosphate as P mg/L 0.040 03/18/11 18:560.0102.9

EPA 300.0 MEJSulfate mg/L 0.60 03/22/11 13:380.20380

SM 2320B JMKTotal Alkalinity mg/L 03/22/11 09:008.0 03/22/11 15:212.0250

SM 2540C MMFTotal Dissolved Solids mg/L 03/22/11 09:3610 03/23/11 09:2310890

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 03/21/11 11:450.20 03/22/11 12:350.052.1

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1102050

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

March 25, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-21

03/17/11 08:16

Sean Harmon

03/17/11 14:15

DENIT-SU1  

SM 2540D MMFTotal Suspended Solids mg/L 03/21/11 10:011 03/22/11 09:2812

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-22

03/17/11 08:20

Sean Harmon

03/17/11 14:15

DENIT-SU2  

Field Parameters

DEP FT1100 SDHpH SU 0.1 03/17/11 08:200.17.0

DEP FT1400 SDHWater Temperature °C 0.1 03/17/11 08:200.15.3

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 03/17/11 08:200.11,296

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 03/17/11 08:200.10.5

Inorganics

SM 4550SF MMFHydrogen Sulfide (Unionized) mg/L 03/21/11 15:540.04 03/21/11 15:550.013.7

EPA 350.1 SMDAmmonia as N mg/L 0.010 03/24/11 15:200.0050.37

SM 5210B MEJCarbonaceous BOD mg/L 03/18/11 15:072 03/23/11 08:2722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 03/22/11 12:301047

EPA 300.0 MEJNitrate (as N) mg/L 0.04 03/18/11 18:560.010.01 I

EPA 300.0 MEJNitrite (as N) mg/L 0.04 03/18/11 18:560.010.01 U

EPA 300.0 MEJOrthophosphate as P mg/L 0.040 03/18/11 18:560.0102.0

EPA 300.0 MEJSulfate mg/L 0.60 03/22/11 13:380.20400

SM 4500SF MMFSulfide mg/L 0.40 03/21/11 15:310.107.8

SM 2320B JMKTotal Alkalinity mg/L 03/22/11 09:008.0 03/22/11 15:212.0190

SM 2540C MMFTotal Dissolved Solids mg/L 03/22/11 09:3610 03/23/11 09:2310940

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 03/21/11 11:450.20 03/22/11 12:350.050.89

SM 2540D MMFTotal Suspended Solids mg/L 03/21/11 10:011 03/22/11 09:2812

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-23

03/17/11 09:20

Sean Harmon

03/17/11 14:15

DENIT-SU3  

Field Parameters

DEP FT1100 SDHpH SU 0.1 03/17/11 09:200.17.6

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1102050

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

March 25, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-23

03/17/11 09:20

Sean Harmon

03/17/11 14:15

DENIT-SU3  

DEP FT1400 SDHWater Temperature °C 0.1 03/17/11 09:200.113.1

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 03/17/11 09:200.11,552

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 03/17/11 09:200.10.1 U

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 03/24/11 15:200.0051.5

SM 5210B MEJCarbonaceous BOD mg/L 03/18/11 15:072 03/23/11 08:2722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 03/22/11 12:301039

EPA 300.0 MEJNitrate (as N) mg/L 0.04 03/18/11 18:560.010.01 I

EPA 300.0 MEJNitrite (as N) mg/L 0.04 03/18/11 18:560.010.01 U

EPA 300.0 MEJOrthophosphate as P mg/L 0.040 03/18/11 18:560.0102.3

EPA 300.0 MEJSulfate mg/L 0.60 03/22/11 13:380.20650

SM 2320B JMKTotal Alkalinity mg/L 03/22/11 09:008.0 03/22/11 15:212.0230

SM 2540C MMFTotal Dissolved Solids mg/L 03/22/11 09:3610 03/23/11 09:23101,200

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 03/21/11 12:050.20 03/22/11 16:160.053.0

SM 2540D MMFTotal Suspended Solids mg/L 03/21/11 10:011 03/22/11 09:2816

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-24

03/17/11 09:30

Sean Harmon

03/17/11 14:15

DENIT-SU4  

Field Parameters

DEP FT1100 SDHpH SU 0.1 03/17/11 09:300.17.4

DEP FT1400 SDHWater Temperature °C 0.1 03/17/11 09:300.114.7

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 03/17/11 09:300.11,311

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 03/17/11 09:300.10.1 U

Inorganics

SM 4550SF MMFHydrogen Sulfide (Unionized) mg/L 03/21/11 15:540.04 03/21/11 15:550.010.29

EPA 350.1 SMDAmmonia as N mg/L 0.010 03/24/11 15:200.0050.20

SM 5210B MEJCarbonaceous BOD mg/L 03/18/11 15:072 03/23/11 08:2722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 03/22/11 12:301032

EPA 300.0 MEJNitrate (as N) mg/L 0.04 03/18/11 18:560.010.02 I

EPA 300.0 MEJNitrite (as N) mg/L 0.04 03/18/11 18:560.010.01 U

EPA 300.0 MEJOrthophosphate as P mg/L 0.040 03/18/11 18:560.0101.3

EPA 300.0 MEJSulfate mg/L 0.60 03/22/11 13:380.20510

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1102050

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

March 25, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-24

03/17/11 09:30

Sean Harmon

03/17/11 14:15

DENIT-SU4  

SM 4500SF MMFSulfide mg/L 0.40 03/21/11 15:310.101.0

SM 2320B JMKTotal Alkalinity mg/L 03/22/11 09:008.0 03/22/11 15:212.0210

SM 2540C MMFTotal Dissolved Solids mg/L 03/22/11 09:3610 03/23/11 09:23101,100

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 03/21/11 12:050.20 03/22/11 16:160.051.3

SM 2540D MMFTotal Suspended Solids mg/L 03/21/11 10:011 03/22/11 09:2811 U

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-25

03/17/11 08:30

Sean Harmon

03/17/11 14:15

DENIT-LS1  

Field Parameters

DEP FT1100 SDHpH SU 0.1 03/17/11 08:300.17.4

DEP FT1400 SDHWater Temperature °C 0.1 03/17/11 08:300.14.6

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 03/17/11 08:300.1886

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 03/17/11 08:300.10.1 U

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 03/24/11 15:200.0050.61

SM 5210B MEJCarbonaceous BOD mg/L 03/18/11 15:072 03/23/11 08:272150

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 03/23/11 08:0010320

EPA 300.0 MEJNitrate (as N) mg/L 0.04 03/18/11 18:560.010.01 I

EPA 300.0 MEJNitrite (as N) mg/L 0.04 03/18/11 18:560.010.01 U

EPA 300.0 MEJOrthophosphate as P mg/L 0.040 03/18/11 18:560.0102.0

SM 2320B JMKTotal Alkalinity mg/L 03/22/11 09:008.0 03/22/11 15:212.0320

SM 2540C MMFTotal Dissolved Solids mg/L 03/22/11 09:3610 03/23/11 09:2310630

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 03/21/11 12:050.20 03/22/11 16:160.051.8

SM 2540D MMFTotal Suspended Solids mg/L 03/21/11 10:011 03/22/11 09:28120

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-26

03/17/11 09:10

Sean Harmon

03/17/11 14:15

DENIT-LS2  

Field Parameters

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager

Page 16 of 41



Work Order: 1102050

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

March 25, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-26

03/17/11 09:10

Sean Harmon

03/17/11 14:15

DENIT-LS2  

DEP FT1100 SDHpH SU 0.1 03/17/11 09:100.18.0

DEP FT1400 SDHWater Temperature °C 0.1 03/17/11 09:100.114.3

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 03/17/11 09:100.11,077

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 03/17/11 09:100.13.4

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 03/24/11 15:200.0051.8

SM 5210B MEJCarbonaceous BOD mg/L 03/18/11 15:072 03/23/11 08:2722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 03/22/11 12:301039

EPA 300.0 MEJNitrate (as N) mg/L 0.04 03/18/11 18:560.0112

EPA 300.0 MEJNitrite (as N) mg/L 0.04 03/18/11 18:560.012.5

EPA 300.0 MEJOrthophosphate as P mg/L 0.040 03/18/11 18:560.0102.8

SM 2320B JMKTotal Alkalinity mg/L 03/22/11 09:008.0 03/22/11 15:212.0350

SM 2540C MMFTotal Dissolved Solids mg/L 03/22/11 09:3610 03/23/11 09:2310710

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 03/21/11 12:050.20 03/22/11 16:160.054.0

SM 2540D MMFTotal Suspended Solids mg/L 03/21/11 10:011 03/22/11 09:2814

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-27

03/17/11 09:25

Sean Harmon

03/17/11 14:15

DENIT-LS3  

Field Parameters

DEP FT1100 SDHpH SU 0.1 03/17/11 09:250.17.4

DEP FT1400 SDHWater Temperature °C 0.1 03/17/11 09:250.117.3

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 03/17/11 09:250.11,027

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 03/17/11 09:250.10.8

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 03/24/11 15:200.0050.74

SM 5210B MEJCarbonaceous BOD mg/L 03/18/11 15:072 03/23/11 08:272120

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 03/23/11 08:0010320

EPA 300.0 MEJNitrate (as N) mg/L 0.04 03/18/11 18:560.010.06

EPA 300.0 MEJNitrite (as N) mg/L 0.04 03/18/11 18:560.010.01 U

EPA 300.0 MEJOrthophosphate as P mg/L 0.040 03/18/11 18:560.0102.6

SM 2320B JMKTotal Alkalinity mg/L 03/22/11 09:008.0 03/22/11 15:212.0410

SM 2540C MMFTotal Dissolved Solids mg/L 03/22/11 09:3610 03/23/11 09:2310720

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1102050

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

March 25, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-27

03/17/11 09:25

Sean Harmon

03/17/11 14:15

DENIT-LS3  

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 03/21/11 12:050.20 03/22/11 16:160.051.6

SM 2540D MMFTotal Suspended Solids mg/L 03/21/11 10:011 03/22/11 09:2812

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-28

03/17/11 09:00

Sean Harmon

03/17/11 14:15

DENIT-LS4  

Field Parameters

DEP FT1100 SDHpH SU 0.1 03/17/11 09:000.17.7

DEP FT1400 SDHWater Temperature °C 0.1 03/17/11 09:000.116.2

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 03/17/11 09:000.1835

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 03/17/11 09:000.10.6

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 03/24/11 15:200.00514

SM 5210B MEJCarbonaceous BOD mg/L 03/18/11 15:072 03/23/11 08:2722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 03/22/11 12:301090

EPA 300.0 MEJNitrate (as N) mg/L 0.04 03/18/11 18:560.010.02 I

EPA 300.0 MEJNitrite (as N) mg/L 0.04 03/18/11 18:560.010.01 U

EPA 300.0 MEJOrthophosphate as P mg/L 0.040 03/18/11 18:560.0102.2

SM 2320B JMKTotal Alkalinity mg/L 03/22/11 09:008.0 03/22/11 15:212.0250

SM 2540C MMFTotal Dissolved Solids mg/L 03/22/11 09:3610 03/23/11 09:2310450

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 03/21/11 12:050.20 03/22/11 16:160.0514

SM 2540D MMFTotal Suspended Solids mg/L 03/21/11 10:011 03/22/11 09:28110

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-29

03/17/11 08:40

Sean Harmon

03/17/11 14:15

DENIT-GL1  

Field Parameters

DEP FT1100 SDHpH SU 0.1 03/17/11 08:400.17.0

DEP FT1400 SDHWater Temperature °C 0.1 03/17/11 08:400.13.9

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 03/17/11 08:400.1927

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1102050

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

March 25, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-29

03/17/11 08:40

Sean Harmon

03/17/11 14:15

DENIT-GL1  

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 03/17/11 08:400.10.1 U

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 03/24/11 15:200.0054.1

SM 5210B MEJCarbonaceous BOD mg/L 03/18/11 15:072 03/23/11 08:2722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 03/22/11 12:301036

EPA 300.0 MEJNitrate (as N) mg/L 0.04 03/18/11 18:560.010.01 I

EPA 300.0 MEJNitrite (as N) mg/L 0.04 03/18/11 18:560.010.01 U

EPA 300.0 MEJOrthophosphate as P mg/L 0.040 03/18/11 18:560.0103.0

SM 2320B JMKTotal Alkalinity mg/L 03/22/11 09:008.0 03/22/11 15:212.0340

SM 2540C MMFTotal Dissolved Solids mg/L 03/22/11 09:3610 03/23/11 09:2310540

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 03/21/11 12:050.20 03/22/11 16:160.054.9

SM 2540D MMFTotal Suspended Solids mg/L 03/21/11 10:011 03/22/11 09:2811 U

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-30

03/17/11 11:05

Sean Harmon

03/17/11 14:15

DFT  

Field Parameters

DEP FT1100 SDHpH SU 0.1 03/17/11 11:050.17.2

DEP FT1400 SDHWater Temperature °C 0.1 03/17/11 11:050.118.8

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 03/17/11 11:050.1891

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 03/17/11 11:050.17.5

Inorganics

SM 4550SF MMFHydrogen Sulfide (Unionized) mg/L 03/21/11 15:540.04 03/21/11 15:550.010.53

EPA 350.1 SMDAmmonia as N mg/L 0.010 03/24/11 15:200.0050.065

SM 5210B MEJCarbonaceous BOD mg/L 03/18/11 15:072 03/23/11 08:2722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 03/22/11 12:301022 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 03/18/11 10:090.0138

EPA 300.0 MEJNitrite (as N) mg/L 0.04 03/18/11 18:560.010.01 U

EPA 300.0 MEJOrthophosphate as P mg/L 0.040 03/18/11 18:560.0101.9

SM 4500P-E SMDPhosphorous - Total as P mg/L 03/21/11 11:080.040 03/24/11 08:530.0109.1

EPA 300.0 MEJSulfate mg/L 0.60 03/18/11 18:560.2065

SM 4500SF MMFSulfide mg/L 0.40 03/21/11 15:310.101.4

SM 2320B JMKTotal Alkalinity mg/L 03/22/11 09:008.0 03/22/11 15:212.0140

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1102050

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

March 25, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-30

03/17/11 11:05

Sean Harmon

03/17/11 14:15

DFT  

SM 2540C MMFTotal Dissolved Solids mg/L 03/22/11 09:3610 03/23/11 09:2310610

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 03/21/11 12:050.20 03/22/11 16:160.053.3

SM 2540D MMFTotal Suspended Solids mg/L 03/21/11 10:011 03/22/11 09:2811 U

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-31

03/17/11 12:20

Sean Harmon

03/17/11 14:15

T1-D  

Field Parameters

DEP FT1100 SDHpH SU 0.1 03/17/11 12:200.17.5

DEP FT1400 SDHWater Temperature °C 0.1 03/17/11 12:200.121.4

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 03/17/11 12:200.11,099

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 03/17/11 12:200.12.8

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 03/24/11 15:200.00514

SM 5210B MEJCarbonaceous BOD mg/L 03/18/11 15:072 03/23/11 08:27261

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 03/23/11 08:0010430

EPA 300.0 MEJNitrate (as N) mg/L 0.04 03/18/11 18:560.010.14

EPA 300.0 MEJNitrite (as N) mg/L 0.04 03/18/11 18:560.010.01 U

EPA 300.0 MEJOrthophosphate as P mg/L 0.040 03/18/11 18:560.0105.4

SM 2320B JMKTotal Alkalinity mg/L 03/22/11 09:008.0 03/22/11 15:212.0400

SM 2540C MMFTotal Dissolved Solids mg/L 03/22/11 09:3610 03/23/11 09:2310430

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 03/21/11 12:050.20 03/22/11 16:160.0578

SM 2540D MMFTotal Suspended Solids mg/L 03/21/11 10:011 03/22/11 09:281130

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-32

03/17/11 09:35

Sean Harmon

03/17/11 14:15

SU-4D  

Field Parameters

DEP FT1100 SDHpH SU 0.1 03/17/11 09:350.17.4

DEP FT1400 SDHWater Temperature °C 0.1 03/17/11 09:350.114.7

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1102050

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

March 25, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-32

03/17/11 09:35

Sean Harmon

03/17/11 14:15

SU-4D  

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 03/17/11 09:350.11,311

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 03/17/11 09:350.10.1 U

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 03/24/11 15:200.0050.22

SM 5210B MEJCarbonaceous BOD mg/L 03/18/11 15:072 03/23/11 08:2722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 03/22/11 12:301032

EPA 300.0 MEJNitrate (as N) mg/L 0.04 03/18/11 18:560.010.01 I

EPA 300.0 MEJNitrite (as N) mg/L 0.04 03/18/11 18:560.010.01 U

EPA 300.0 MEJOrthophosphate as P mg/L 0.040 03/18/11 18:560.0101.3

SM 2320B JMKTotal Alkalinity mg/L 03/22/11 09:008.0 03/22/11 15:212.0220

SM 2540C MMFTotal Dissolved Solids mg/L 03/22/11 09:3610 03/23/11 09:23101,100

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 03/21/11 12:050.20 03/22/11 16:160.051.2

SM 2540D MMFTotal Suspended Solids mg/L 03/21/11 10:011 03/22/11 09:2812

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-33

03/17/11 09:15

Sean Harmon

03/17/11 14:15

LS2-D  

Field Parameters

DEP FT1100 SDHpH SU 0.1 03/17/11 09:150.18.0

DEP FT1400 SDHWater Temperature °C 0.1 03/17/11 09:150.114.3

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 03/17/11 09:150.11,077

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 03/17/11 09:150.13.4

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 03/24/11 15:200.0051.7

SM 5210B MEJCarbonaceous BOD mg/L 03/18/11 15:072 03/23/11 08:2722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 03/22/11 12:301041

EPA 300.0 MEJNitrate (as N) mg/L 0.04 03/18/11 18:560.0113

EPA 300.0 MEJNitrite (as N) mg/L 0.04 03/18/11 18:560.012.5

EPA 300.0 MEJOrthophosphate as P mg/L 0.040 03/18/11 18:560.0102.4

SM 2320B JMKTotal Alkalinity mg/L 03/22/11 09:008.0 03/22/11 15:212.0350

SM 2540C MMFTotal Dissolved Solids mg/L 03/22/11 16:2310 03/24/11 11:5410740

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 03/21/11 12:050.20 03/22/11 16:160.054.0

SM 2540D MMFTotal Suspended Solids mg/L 03/21/11 10:011 03/22/11 09:2816

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1102050

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

March 25, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-34

03/17/11 09:05

Sean Harmon

03/17/11 14:15

LS4-D  

Field Parameters

DEP FT1100 SDHpH SU 0.1 03/17/11 09:050.17.7

DEP FT1400 SDHWater Temperature °C 0.1 03/17/11 09:050.116.2

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 03/17/11 09:050.1835

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 03/17/11 09:050.10.6

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 03/24/11 15:200.00514

SM 5210B MEJCarbonaceous BOD mg/L 03/18/11 15:072 03/23/11 08:2722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 03/23/11 08:001076

EPA 300.0 MEJNitrate (as N) mg/L 0.04 03/18/11 18:560.010.02 I

EPA 300.0 MEJNitrite (as N) mg/L 0.04 03/18/11 18:560.010.01 U

EPA 300.0 MEJOrthophosphate as P mg/L 0.040 03/18/11 18:560.0102.1

SM 2320B JMKTotal Alkalinity mg/L 03/22/11 09:008.0 03/22/11 15:212.0260

SM 2540C MMFTotal Dissolved Solids mg/L 03/22/11 16:2310 03/24/11 11:5410420

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 03/21/11 12:050.20 03/22/11 16:160.0515

SM 2540D MMFTotal Suspended Solids mg/L 03/21/11 10:011 03/22/11 09:28110

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-35

03/17/11 10:30

Sean Harmon

03/17/11 14:15

FB  

Field Parameters

DEP FT1100 SDHpH SU 0.1 03/17/11 10:300.17.9

DEP FT1400 SDHWater Temperature °C 0.1 03/17/11 10:300.117.3

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 03/17/11 10:300.155

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 03/17/11 10:300.19.3

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 03/24/11 15:200.0050.044

SM 5210B MEJCarbonaceous BOD mg/L 03/18/11 15:072 03/23/11 08:2722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 03/23/11 08:001010 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 03/18/11 18:560.010.01 U

EPA 300.0 MEJNitrite (as N) mg/L 0.04 03/18/11 18:560.010.01 U

EPA 300.0 MEJOrthophosphate as P mg/L 0.040 03/18/11 18:560.0100.010 U

SM 2320B JMKTotal Alkalinity mg/L 03/22/11 09:008.0 03/22/11 15:212.02.0 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager

Page 22 of 41



Work Order: 1102050

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

March 25, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-35

03/17/11 10:30

Sean Harmon

03/17/11 14:15

FB  

SM 2540C MMFTotal Dissolved Solids mg/L 03/22/11 16:2310 03/24/11 11:541020

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 03/21/11 12:050.20 03/22/11 16:160.050.07 I

SM 2540D MMFTotal Suspended Solids mg/L 03/21/11 10:011 03/22/11 09:2811 U

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102050-36

03/17/11 10:45

Sean Harmon

03/17/11 14:15

EB  

Field Parameters

DEP FT1100 SDHpH SU 0.1 03/17/11 10:450.17.6

DEP FT1400 SDHWater Temperature °C 0.1 03/17/11 10:450.117.9

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 03/17/11 10:450.152

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 03/17/11 10:450.19.1

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 03/24/11 15:200.0050.016

SM 5210B MEJCarbonaceous BOD mg/L 03/18/11 15:072 03/23/11 08:2722 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 03/23/11 08:001010 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 03/18/11 18:560.010.01 U

EPA 300.0 MEJNitrite (as N) mg/L 0.04 03/18/11 18:560.010.01 U

EPA 300.0 MEJOrthophosphate as P mg/L 0.040 03/18/11 18:560.0100.010 U

SM 2320B JMKTotal Alkalinity mg/L 03/22/11 09:008.0 03/22/11 15:212.02.0 U

SM 2540C MMFTotal Dissolved Solids mg/L 03/22/11 16:2310 03/24/11 11:541016

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 03/21/11 11:450.20 03/22/11 12:350.050.05 U

SM 2540D MMFTotal Suspended Solids mg/L 03/21/11 10:011 03/22/11 09:2811 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager

Page 23 of 41



Work Order: 1102050

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

March 25, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BC11732 - Ion Chromatography 300.0 Prep

Blank (BC11732-BLK1) Prepared & Analyzed: 03/18/11 

Sulfate mg/L0.60 0.200.20 U

Orthophosphate as P mg/L0.040 0.0100.010 U

Nitrite (as N) mg/L0.04 0.010.01 U

Nitrate (as N) mg/L0.04 0.010.01 U

LCS (BC11732-BS1) Prepared & Analyzed: 03/18/11 

Sulfate mg/L0.60 9.0 85-115970.208.77

Orthophosphate as P mg/L0.040 0.90 85-1151000.0100.904

Nitrite (as N) mg/L0.04 1.4 85-115940.011.32

Nitrate (as N) mg/L0.04 1.7 85-1151000.011.70

LCS Dup (BC11732-BSD1) Prepared & Analyzed: 03/18/11 

Nitrate (as N) mg/L0.04 1.7 20085-11599 0.60.011.69

Nitrite (as N) mg/L0.04 1.4 20085-11594 00.011.32

Orthophosphate as P mg/L0.040 0.90 20085-11596 40.0100.866

Sulfate mg/L0.60 9.0 20085-11595 20.208.58

Matrix Spike (BC11732-MS1) Prepared & Analyzed: 03/18/11 Source: 1102050-09

Nitrite (as N) mg/L0.04 1.4 7.59 85-115990.018.98

Orthophosphate as P mg/L0.040 0.90 0.679 85-115910.0101.50

Nitrate (as N) mg/L0.04 1.7 0.719 85-115950.012.33

Sulfate mg/L0.60 9.0 210 85-115NR0.20119 +O

Matrix Spike (BC11732-MS2) Prepared & Analyzed: 03/18/11 Source: 1102050-19

Nitrite (as N) mg/L0.04 1.4 ND 85-1151010.011.42

Orthophosphate as P mg/L0.040 0.90 4.90 85-115980.0105.78

Sulfate mg/L0.60 9.0 65.7 85-115910.2073.9

Nitrate (as N) mg/L0.04 1.7 33.0 85-115NR0.0121.9 +O

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1102050

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

March 25, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BC11733 - Ion Chromatography 300.0 Prep

Blank (BC11733-BLK1) Prepared & Analyzed: 03/18/11 

Sulfate mg/L0.60 0.200.20 U

Nitrate (as N) mg/L0.04 0.010.01 U

Nitrite (as N) mg/L0.04 0.010.01 U

Orthophosphate as P mg/L0.040 0.0100.010 U

LCS (BC11733-BS1) Prepared & Analyzed: 03/18/11 

Nitrate (as N) mg/L0.04 1.7 85-115980.011.67

Orthophosphate as P mg/L0.040 0.90 85-1151000.0100.901

Sulfate mg/L0.60 9.0 85-115960.208.65

Nitrite (as N) mg/L0.04 1.4 85-115940.011.31

LCS Dup (BC11733-BSD1) Prepared & Analyzed: 03/18/11 

Orthophosphate as P mg/L0.040 0.90 20085-115107 60.0100.961

Nitrite (as N) mg/L0.04 1.4 20085-11592 20.011.29

Nitrate (as N) mg/L0.04 1.7 20085-11599 10.011.69

Sulfate mg/L0.60 9.0 20085-11597 10.208.77

Matrix Spike (BC11733-MS1) Prepared & Analyzed: 03/18/11 Source: 1102050-28

Nitrate (as N) mg/L0.04 1.7 0.0172 85-115910.011.56

Nitrite (as N) mg/L0.04 1.4 ND 85-115930.011.30

Orthophosphate as P mg/L0.040 0.90 2.20 85-115200.0102.38 +O

Sulfate mg/L0.60 9.0 51.3 85-1151070.2060.9

Matrix Spike (BC11733-MS2) Prepared & Analyzed: 03/18/11 Source: 1102378-03

Nitrate (as N) mg/L0.04 1.7 0.0667 85-1152070.013.59 +O

Nitrite (as N) mg/L0.04 1.4 0.0194 85-115NR0.010.01 U,+O

Orthophosphate as P mg/L0.040 0.90 15.0 85-115NR0.01012.9 +O

Sulfate mg/L0.60 9.0 122 85-115330.20125 +O

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

March 25, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BC11813 - TSS prep

Blank (BC11813-BLK1) Prepared & Analyzed: 03/18/11 

Total Suspended Solids mg/L1 11 U

LCS (BC11813-BS1) Prepared & Analyzed: 03/18/11 

Total Suspended Solids mg/L1 50 85-11596148.0

Duplicate (BC11813-DUP1) Prepared & Analyzed: 03/18/11 Source: 1102050-01

Total Suspended Solids mg/L1 110 3051116

Duplicate (BC11813-DUP2) Prepared & Analyzed: 03/18/11 Source: 1102050-19

Total Suspended Solids mg/L1 ND 3011 U

Batch BC11814 - TDS Prep

Blank (BC11814-BLK1) Prepared: 03/18/11  Analyzed: 03/22/11 

Total Dissolved Solids mg/L10 1010 U

LCS (BC11814-BS1) Prepared: 03/18/11  Analyzed: 03/22/11 

Total Dissolved Solids mg/L10 1000 90-110102101,020

Duplicate (BC11814-DUP1) Prepared: 03/18/11  Analyzed: 03/22/11 Source: 1102388-02

Total Dissolved Solids mg/L10 27700 240.91028,000

Duplicate (BC11814-DUP2) Prepared: 03/18/11  Analyzed: 03/22/11 Source: 1102389-01

Total Dissolved Solids mg/L10 1490 240.7101,480

Batch BC11827 - BOD

Blank (BC11827-BLK1) Prepared: 03/18/11  Analyzed: 03/23/11 

Carbonaceous BOD mg/L2 22 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1102050

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

March 25, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BC11827 - BOD

LCS (BC11827-BS1) Prepared: 03/18/11  Analyzed: 03/23/11 

Carbonaceous BOD mg/L2 200 85-115862172

LCS Dup (BC11827-BSD1) Prepared: 03/18/11  Analyzed: 03/23/11 

Carbonaceous BOD mg/L2 200 20085-11588 22175

Duplicate (BC11827-DUP1) Prepared: 03/18/11  Analyzed: 03/23/11 Source: 1102315-01

Carbonaceous BOD mg/L2 100 250.32100

Duplicate (BC11827-DUP2) Prepared: 03/18/11  Analyzed: 03/23/11 Source: 1102050-20

Carbonaceous BOD mg/L2 ND 2522 U

Batch BC12108 - TSS prep

Blank (BC12108-BLK1) Prepared: 03/21/11  Analyzed: 03/22/11 

Total Suspended Solids mg/L1 11 U

LCS (BC12108-BS1) Prepared: 03/21/11  Analyzed: 03/22/11 

Total Suspended Solids mg/L1 50 85-11599149.5

Duplicate (BC12108-DUP1) Prepared: 03/21/11  Analyzed: 03/22/11 Source: 1102050-20

Total Suspended Solids mg/L1 2.00 30012.00

Duplicate (BC12108-DUP2) Prepared: 03/21/11  Analyzed: 03/22/11 Source: 1102050-31

Total Suspended Solids mg/L1 130 3061138

Batch BC12116 - Digestion for TP by EPA 365.2/SM4500PE

Blank (BC12116-BLK1) Prepared: 03/21/11  Analyzed: 03/24/11 

Phosphorous - Total as P mg/L0.040 0.0100.010 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager

Page 27 of 41



Work Order: 1102050

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

March 25, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BC12116 - Digestion for TP by EPA 365.2/SM4500PE

Blank (BC12116-BLK2) Prepared: 03/21/11  Analyzed: 03/24/11 

Phosphorous - Total as P mg/L0.040 0.0100.0100 I

LCS (BC12116-BS1) Prepared: 03/21/11  Analyzed: 03/24/11 

Phosphorous - Total as P mg/L0.040 0.50 90-1101020.0100.509

LCS (BC12116-BS2) Prepared: 03/21/11  Analyzed: 03/24/11 

Phosphorous - Total as P mg/L0.040 0.50 90-110910.0100.455

Matrix Spike (BC12116-MS1) Prepared: 03/21/11  Analyzed: 03/24/11 Source: 1101690-09

Phosphorous - Total as P mg/L0.040 0.50 0.0160 75-1251020.0100.527

Matrix Spike (BC12116-MS2) Prepared: 03/21/11  Analyzed: 03/24/11 Source: 1102410-07

Phosphorous - Total as P mg/L0.040 0.50 0.0847 75-125920.0100.544

Matrix Spike Dup (BC12116-MSD1) Prepared: 03/21/11  Analyzed: 03/24/11 Source: 1101690-09

Phosphorous - Total as P mg/L0.040 0.50 0.0160 2575-125103 10.0100.533

Matrix Spike Dup (BC12116-MSD2) Prepared: 03/21/11  Analyzed: 03/24/11 Source: 1102410-07

Phosphorous - Total as P mg/L0.040 0.50 0.0847 2575-12598 50.0100.574

Batch BC12119 - Digestion for TKN by EPA 351.2

Blank (BC12119-BLK1) Prepared: 03/21/11  Analyzed: 03/22/11 

Total Kjeldahl Nitrogen mg/L0.20 0.050.05 U

Blank (BC12119-BLK2) Prepared: 03/21/11  Analyzed: 03/22/11 

Total Kjeldahl Nitrogen mg/L0.20 0.050.05 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BC12119 - Digestion for TKN by EPA 351.2

LCS (BC12119-BS1) Prepared: 03/21/11  Analyzed: 03/22/11 

Total Kjeldahl Nitrogen mg/L0.20 2.5 90-1101060.052.68

LCS (BC12119-BS2) Prepared: 03/21/11  Analyzed: 03/22/11 

Total Kjeldahl Nitrogen mg/L0.20 2.5 90-110940.052.39

Matrix Spike (BC12119-MS1) Prepared: 03/21/11  Analyzed: 03/22/11 Source: 1101690-09

Total Kjeldahl Nitrogen mg/L0.20 2.5 ND 80-120990.052.50

Matrix Spike (BC12119-MS2) Prepared: 03/21/11  Analyzed: 03/22/11 Source: 1102050-36

Total Kjeldahl Nitrogen mg/L0.20 2.5 ND 80-1201000.052.55

Matrix Spike Dup (BC12119-MSD1) Prepared: 03/21/11  Analyzed: 03/22/11 Source: 1101690-09

Total Kjeldahl Nitrogen mg/L0.20 2.5 ND 2080-120101 20.052.56

Matrix Spike Dup (BC12119-MSD2) Prepared: 03/21/11  Analyzed: 03/22/11 Source: 1102050-36

Total Kjeldahl Nitrogen mg/L0.20 2.5 ND 2080-12096 50.052.42

Batch BC12120 - Digestion for TKN by EPA 351.2

Blank (BC12120-BLK1) Prepared: 03/21/11  Analyzed: 03/22/11 

Total Kjeldahl Nitrogen mg/L0.20 0.050.05 U

LCS (BC12120-BS1) Prepared: 03/21/11  Analyzed: 03/22/11 

Total Kjeldahl Nitrogen mg/L0.20 2.5 90-1101000.052.52

Matrix Spike (BC12120-MS1) Prepared: 03/21/11  Analyzed: 03/22/11 Source: 1102315-02

Total Kjeldahl Nitrogen mg/L0.20 2.5 0.943 80-1201050.053.60

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BC12120 - Digestion for TKN by EPA 351.2

Matrix Spike Dup (BC12120-MSD1) Prepared: 03/21/11  Analyzed: 03/22/11 Source: 1102315-02

Total Kjeldahl Nitrogen mg/L0.20 2.5 0.943 2080-12095 70.053.36

Batch BC12121 - Ion Chromatography 300.0 Prep

Blank (BC12121-BLK1) Prepared & Analyzed: 03/21/11 

Nitrate (as N) mg/L0.04 0.010.01 U

Sulfate mg/L0.60 0.200.20 U

LCS (BC12121-BS1) Prepared & Analyzed: 03/21/11 

Nitrate (as N) mg/L0.04 1.7 85-1151010.011.72

Sulfate mg/L0.60 9.0 85-115980.208.79

LCS Dup (BC12121-BSD1) Prepared & Analyzed: 03/21/11 

Nitrate (as N) mg/L0.04 1.7 20085-115102 0.60.011.73

Sulfate mg/L0.60 9.0 20085-11598 0.20.208.81

Matrix Spike (BC12121-MS1) Prepared & Analyzed: 03/21/11 Source: 1102050-19

Nitrate (as N) mg/L0.04 17 33.3 85-115NR0.0117.2 +O

Sulfate mg/L0.60 90 61.4 85-115290.2087.6 +O

Matrix Spike (BC12121-MS2) Prepared & Analyzed: 03/21/11 Source: 1102033-09

Sulfate mg/L0.60 90 62.2 85-115NR0.2019.7 +O

Nitrate (as N) mg/L0.04 17 37.9 85-115NR0.010.161 +O

Batch BC12130 - Sulfide prep

Blank (BC12130-BLK1) Prepared & Analyzed: 03/21/11 

Sulfide mg/L0.40 0.100.10 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BC12130 - Sulfide prep

LCS (BC12130-BS1) Prepared & Analyzed: 03/21/11 

Sulfide mg/L0.40 5.0 85-1151010.105.04

Matrix Spike (BC12130-MS1) Prepared & Analyzed: 03/21/11 Source: 1102391-01

Sulfide mg/L0.40 5.0 0.440 85-115880.104.84

Matrix Spike Dup (BC12130-MSD1) Prepared & Analyzed: 03/21/11 Source: 1102391-01

Sulfide mg/L0.40 5.0 0.440 1485-11588 00.104.84

Batch BC12135 - Ammonia by SEAL

Blank (BC12135-BLK1) Prepared & Analyzed: 03/21/11 

Ammonia as N mg/L0.010 0.0050.005 U

Blank (BC12135-BLK2) Prepared & Analyzed: 03/21/11 

Ammonia as N mg/L0.010 0.0050.005 U

LCS (BC12135-BS1) Prepared & Analyzed: 03/21/11 

Ammonia as N mg/L0.010 0.50 90-110970.0050.48

LCS (BC12135-BS2) Prepared & Analyzed: 03/21/11 

Ammonia as N mg/L0.010 0.50 90-110990.0050.50

Matrix Spike (BC12135-MS1) Prepared & Analyzed: 03/21/11 Source: 1102363-07

Ammonia as N mg/L0.010 0.50 0.077 90-110940.0050.55

Matrix Spike (BC12135-MS2) Prepared & Analyzed: 03/21/11 Source: 1101690-09

Ammonia as N mg/L0.010 0.50 0.010 90-1101000.0050.51

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BC12135 - Ammonia by SEAL

Matrix Spike Dup (BC12135-MSD1) Prepared & Analyzed: 03/21/11 Source: 1102363-07

Ammonia as N mg/L0.010 0.50 0.077 1090-11091 30.0050.53

Matrix Spike Dup (BC12135-MSD2) Prepared & Analyzed: 03/21/11 Source: 1101690-09

Ammonia as N mg/L0.010 0.50 0.010 1090-110104 40.0050.53

Batch BC12203 - Ion Chromatography 300.0 Prep

Blank (BC12203-BLK1) Prepared & Analyzed: 03/22/11 

Sulfate mg/L0.60 0.200.20 U

LCS (BC12203-BS1) Prepared & Analyzed: 03/22/11 

Sulfate mg/L0.60 9.0 85-115970.208.77

LCS Dup (BC12203-BSD1) Prepared & Analyzed: 03/22/11 

Sulfate mg/L0.60 9.0 20085-11597 0.10.208.76

Matrix Spike (BC12203-MS1) Prepared & Analyzed: 03/22/11 Source: 1102050-10

Sulfate mg/L0.60 90 98.1 85-115910.20180

Orthophosphate as P mg/L0.040 9.0 3.54 85-115960.01012.2

Nitrite (as N) mg/L0.04 14 ND 85-115910.0112.7

Nitrate (as N) mg/L0.04 17 5.90 85-115950.0122.1

Matrix Spike (BC12203-MS2) Prepared & Analyzed: 03/22/11 Source: 1102388-01

Sulfate mg/L0.60 9000 838 85-115940.209,300

Batch BC12207 - TDS Prep

Blank (BC12207-BLK1) Prepared: 03/22/11  Analyzed: 03/23/11 

Total Dissolved Solids mg/L10 1010 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BC12207 - TDS Prep

LCS (BC12207-BS1) Prepared: 03/22/11  Analyzed: 03/23/11 

Total Dissolved Solids mg/L10 1000 90-110101101,010

Duplicate (BC12207-DUP1) Prepared: 03/22/11  Analyzed: 03/23/11 Source: 1102050-15

Total Dissolved Solids mg/L10 590 24410612

Duplicate (BC12207-DUP2) Prepared: 03/22/11  Analyzed: 03/23/11 Source: 1102050-16

Total Dissolved Solids mg/L10 850 24110862

Batch BC12210 - COD prep

Blank (BC12210-BLK1) Prepared & Analyzed: 03/22/11 

Chemical Oxygen Demand mg/L25 1010 U

LCS (BC12210-BS1) Prepared & Analyzed: 03/22/11 

Chemical Oxygen Demand mg/L25 50 90-110981049

Matrix Spike (BC12210-MS1) Prepared & Analyzed: 03/22/11 Source: 1101680-01

Chemical Oxygen Demand mg/L25 50 49 85-115861092

Matrix Spike Dup (BC12210-MSD1) Prepared & Analyzed: 03/22/11 Source: 1101680-01

Chemical Oxygen Demand mg/L25 50 49 3285-11594 41096

Batch BC12220 - alkalinity

Blank (BC12220-BLK1) Prepared & Analyzed: 03/22/11 

Total Alkalinity mg/L8.0 2.02.0 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BC12220 - alkalinity

Blank (BC12220-BLK2) Prepared & Analyzed: 03/22/11 

Total Alkalinity mg/L8.0 2.02.0 U

Blank (BC12220-BLK3) Prepared & Analyzed: 03/22/11 

Total Alkalinity mg/L8.0 2.02.0 U

LCS (BC12220-BS1) Prepared & Analyzed: 03/22/11 

Total Alkalinity mg/L8.0 120 90-1101012.0130

LCS (BC12220-BS2) Prepared & Analyzed: 03/22/11 

Total Alkalinity mg/L8.0 120 90-1101102.0140

LCS (BC12220-BS3) Prepared & Analyzed: 03/22/11 

Total Alkalinity mg/L8.0 120 90-1101012.0130

Matrix Spike (BC12220-MS1) Prepared & Analyzed: 03/22/11 Source: 1101680-01

Total Alkalinity mg/L8.0 120 290 80-120902.0400

Matrix Spike (BC12220-MS2) Prepared & Analyzed: 03/22/11 Source: 1102050-18

Total Alkalinity mg/L8.0 120 230 80-1201012.0350

Matrix Spike (BC12220-MS3) Prepared & Analyzed: 03/22/11 Source: 1102378-07

Total Alkalinity mg/L8.0 120 230 80-120922.0340

Matrix Spike Dup (BC12220-MSD1) Prepared & Analyzed: 03/22/11 Source: 1101680-01

Total Alkalinity mg/L8.0 120 290 2680-12090 02.0400

Matrix Spike Dup (BC12220-MSD2) Prepared & Analyzed: 03/22/11 Source: 1102050-18

Total Alkalinity mg/L8.0 120 230 2680-120101 02.0350

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BC12220 - alkalinity

Matrix Spike Dup (BC12220-MSD3) Prepared & Analyzed: 03/22/11 Source: 1102378-07

Total Alkalinity mg/L8.0 120 230 2680-12092 02.0340

Batch BC12221 - COD prep

Blank (BC12221-BLK1) Prepared & Analyzed: 03/22/11 

Chemical Oxygen Demand mg/L25 1010 U

LCS (BC12221-BS1) Prepared & Analyzed: 03/22/11 

Chemical Oxygen Demand mg/L25 50 90-110981049

Matrix Spike (BC12221-MS1) Prepared & Analyzed: 03/22/11 Source: 1102050-17

Chemical Oxygen Demand mg/L25 50 22 85-115941069

Matrix Spike Dup (BC12221-MSD1) Prepared & Analyzed: 03/22/11 Source: 1102050-17

Chemical Oxygen Demand mg/L25 50 22 3285-11590 31067

Batch BC12229 - TDS Prep

Blank (BC12229-BLK1) Prepared: 03/22/11  Analyzed: 03/24/11 

Total Dissolved Solids mg/L10 1010 U

LCS (BC12229-BS1) Prepared: 03/22/11  Analyzed: 03/24/11 

Total Dissolved Solids mg/L10 1000 90-110101101,010

Duplicate (BC12229-DUP1) Prepared: 03/22/11  Analyzed: 03/24/11 Source: 1102474-01

Total Dissolved Solids mg/L10 1250 241101,230

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager

Page 35 of 41



Work Order: 1102050

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

March 25, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BC12229 - TDS Prep

Duplicate (BC12229-DUP2) Prepared: 03/22/11  Analyzed: 03/24/11 Source: 1102474-02

Total Dissolved Solids mg/L10 1370 241101,350

Batch BC12310 - COD prep

Blank (BC12310-BLK1) Prepared & Analyzed: 03/23/11 

Chemical Oxygen Demand mg/L25 1010 U

LCS (BC12310-BS1) Prepared & Analyzed: 03/23/11 

Chemical Oxygen Demand mg/L25 50 90-1101061053

Matrix Spike (BC12310-MS1) Prepared & Analyzed: 03/23/11 Source: 1102394-01

Chemical Oxygen Demand mg/L25 1000 1400 85-11599102,400

Matrix Spike Dup (BC12310-MSD1) Prepared & Analyzed: 03/23/11 Source: 1102394-01

Chemical Oxygen Demand mg/L25 1000 1400 3285-11599 0102,400

Batch BC12419 - Ammonia by SEAL

Blank (BC12419-BLK1) Prepared & Analyzed: 03/24/11 

Ammonia as N mg/L0.010 0.0050.005 U

Blank (BC12419-BLK2) Prepared & Analyzed: 03/24/11 

Ammonia as N mg/L0.010 0.0050.005 U

LCS (BC12419-BS1) Prepared & Analyzed: 03/24/11 

Ammonia as N mg/L0.010 0.50 90-110990.0050.50

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BC12419 - Ammonia by SEAL

LCS (BC12419-BS2) Prepared & Analyzed: 03/24/11 

Ammonia as N mg/L0.010 0.50 90-1101000.0050.50

Matrix Spike (BC12419-MS1) Prepared & Analyzed: 03/24/11 Source: 1102050-36

Ammonia as N mg/L0.010 0.50 0.016 90-1101010.0050.52

Matrix Spike (BC12419-MS2) Prepared & Analyzed: 03/24/11 Source: 1102429-07

Ammonia as N mg/L0.010 0.50 0.012 90-110990.0050.51

Matrix Spike Dup (BC12419-MSD1) Prepared & Analyzed: 03/24/11 Source: 1102050-36

Ammonia as N mg/L0.010 0.50 0.016 1090-110104 30.0050.54

Matrix Spike Dup (BC12419-MSD2) Prepared & Analyzed: 03/24/11 Source: 1102429-07

Ammonia as N mg/L0.010 0.50 0.012 1090-110101 20.0050.52

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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* Qualifiers, Notes and Definitions

Results followed by a "U" indicate that the sample was analyzed but the compound was not detected. Results followed by "I" indicate 

that the reported value is between the laboratory method detection limts and the laboratory practical quantitation limit.

A statement of estimated uncertainty of test results is available upon request.

For methods marked with  **, all QC criteria have been met for this method which is equivalent to a SAL certified method.

Test results in this report meet all the requirements of the NELAC standards. Any applicable qualifiers are shown below. 

Questions regarding this report should be directed to Client Services at 813-855-1844.

+O Matrix spike source sample was over the reccommended range for the method.

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1102042

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

March 28, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102042-01

03/15/11 07:50

Client

03/15/11 10:16

UNSAT-IS3  

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 03/17/11 13:580.0051.7

SM 5210B MEJCarbonaceous BOD mg/L 03/16/11 15:432 03/21/11 12:4923

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 03/17/11 11:001096

EPA 300.0 MEJNitrate (as N) mg/L 0.04 03/16/11 10:570.010.01 U

EPA 300.0 MEJNitrite (as N) mg/L 0.04 03/16/11 10:570.010.01 U

EPA 300.0 MEJOrthophosphate as P mg/L 0.040 03/16/11 10:570.0102.3

EPA 300.0 MEJSulfate mg/L 0.60 03/21/11 14:030.20200

SM 2320B JMKTotal Alkalinity mg/L 03/22/11 09:008.0 03/22/11 15:212.0380

SM 2540C MMFTotal Dissolved Solids mg/L 03/18/11 11:2210 03/22/11 15:0310990

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 03/24/11 13:250.20 03/26/11 07:200.052.5

SM 2540D MMFTotal Suspended Solids mg/L 03/21/11 10:011 03/22/11 09:2811 U

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1102042-02

03/15/11 07:45

Client

03/15/11 10:16

UNSAT-IS4  

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 03/17/11 13:580.0050.038

SM 5210B MEJCarbonaceous BOD mg/L 03/16/11 15:432 03/21/11 12:49210

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 03/17/11 11:001088

EPA 300.0 MEJNitrate (as N) mg/L 0.04 03/16/11 10:570.014.6

EPA 300.0 MEJNitrite (as N) mg/L 0.04 03/16/11 10:570.011.2

EPA 300.0 MEJOrthophosphate as P mg/L 0.040 03/16/11 10:570.0100.018 I

EPA 300.0 MEJSulfate mg/L 0.60 03/21/11 14:030.20170

SM 2320B JMKTotal Alkalinity mg/L 03/22/11 09:008.0 03/22/11 15:212.0460

SM 2540C MMFTotal Dissolved Solids mg/L 03/18/11 11:2210 03/22/11 15:0310870

EPA 351.2 SMBTotal Kjeldahl Nitrogen mg/L 03/17/11 11:300.20 03/18/11 15:440.054.8

SM 2540D MMFTotal Suspended Solids mg/L 03/21/11 10:011 03/22/11 09:28144

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1102042

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

March 28, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BC11607 - Ion Chromatography 300.0 Prep

Blank (BC11607-BLK1) Prepared & Analyzed: 03/16/11 

Orthophosphate as P mg/L0.040 0.0100.010 U

Nitrite (as N) mg/L0.04 0.010.01 U

Nitrate (as N) mg/L0.04 0.010.01 U

LCS (BC11607-BS1) Prepared & Analyzed: 03/16/11 

Nitrate (as N) mg/L0.04 1.7 85-1151010.011.72

Nitrite (as N) mg/L0.04 1.4 85-115910.011.28

Orthophosphate as P mg/L0.040 0.90 85-1151020.0100.914

LCS Dup (BC11607-BSD1) Prepared & Analyzed: 03/16/11 

Nitrate (as N) mg/L0.04 1.7 20085-115101 00.011.72

Orthophosphate as P mg/L0.040 0.90 20085-115104 20.0100.932

Nitrite (as N) mg/L0.04 1.4 20085-11595 40.011.33

Matrix Spike (BC11607-MS1) Prepared & Analyzed: 03/16/11 Source: 1102345-07

Orthophosphate as P mg/L0.040 9.0 ND 85-115930.0108.37

Nitrite (as N) mg/L0.04 14 ND 85-115940.0113.2

Nitrate (as N) mg/L0.04 17 0.898 85-115960.0117.2

Matrix Spike (BC11607-MS2) Prepared & Analyzed: 03/16/11 Source: 1102223-02

Nitrate (as N) mg/L0.04 1.7 2.52 85-115930.014.10

Orthophosphate as P mg/L0.040 0.90 1.75 85-115970.0102.62

Nitrite (as N) mg/L0.04 1.4 ND 85-1151010.011.42

Batch BC11624 - BOD

Blank (BC11624-BLK1) Prepared: 03/16/11  Analyzed: 03/21/11 

Carbonaceous BOD mg/L2 22 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1102042

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

March 28, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BC11624 - BOD

LCS (BC11624-BS1) Prepared: 03/16/11  Analyzed: 03/21/11 

Carbonaceous BOD mg/L2 200 85-115872174

LCS Dup (BC11624-BSD1) Prepared: 03/16/11  Analyzed: 03/21/11 

Carbonaceous BOD mg/L2 200 20085-11587 0.32174

Duplicate (BC11624-DUP1) Prepared: 03/16/11  Analyzed: 03/21/11 Source: 1102342-03

Carbonaceous BOD mg/L2 ND 2522 U

Batch BC11705 - COD prep

Blank (BC11705-BLK1) Prepared & Analyzed: 03/17/11 

Chemical Oxygen Demand mg/L25 1010 U

LCS (BC11705-BS1) Prepared & Analyzed: 03/17/11 

Chemical Oxygen Demand mg/L25 50 90-1101101055

Matrix Spike (BC11705-MS1) Prepared & Analyzed: 03/17/11 Source: 1102275-01

Chemical Oxygen Demand mg/L25 1000 1400 85-11595102,300

Matrix Spike Dup (BC11705-MSD1) Prepared & Analyzed: 03/17/11 Source: 1102275-01

Chemical Oxygen Demand mg/L25 1000 1400 3285-11587 4102,300

Batch BC11706 - Ammonia by SEAL

Blank (BC11706-BLK1) Prepared & Analyzed: 03/17/11 

Ammonia as N mg/L0.010 0.0050.005 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1102042

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

March 28, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BC11706 - Ammonia by SEAL

Blank (BC11706-BLK2) Prepared & Analyzed: 03/17/11 

Ammonia as N mg/L0.010 0.0050.008 I

LCS (BC11706-BS1) Prepared & Analyzed: 03/17/11 

Ammonia as N mg/L0.010 0.50 90-110970.0050.48

LCS (BC11706-BS2) Prepared & Analyzed: 03/17/11 

Ammonia as N mg/L0.010 0.50 90-1101040.0050.52

Matrix Spike (BC11706-MS1) Prepared & Analyzed: 03/17/11 Source: 1102319-07

Ammonia as N mg/L0.010 0.50 0.046 90-110970.0050.53

Matrix Spike (BC11706-MS2) Prepared & Analyzed: 03/17/11 Source: 1102345-01

Ammonia as N mg/L0.010 0.50 0.035 90-1101030.0050.55

Matrix Spike Dup (BC11706-MSD1) Prepared & Analyzed: 03/17/11 Source: 1102319-07

Ammonia as N mg/L0.010 0.50 0.046 1090-110100 30.0050.55

Matrix Spike Dup (BC11706-MSD2) Prepared & Analyzed: 03/17/11 Source: 1102345-01

Ammonia as N mg/L0.010 0.50 0.035 1090-110102 0.90.0050.54

Batch BC11710 - Digestion for TKN by EPA 351.2

Blank (BC11710-BLK1) Prepared: 03/17/11  Analyzed: 03/18/11 

Total Kjeldahl Nitrogen mg/L0.20 0.050.05 U

Blank (BC11710-BLK2) Prepared: 03/17/11  Analyzed: 03/18/11 

Total Kjeldahl Nitrogen mg/L0.20 0.050.05 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1102042

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

March 28, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BC11710 - Digestion for TKN by EPA 351.2

LCS (BC11710-BS1) Prepared: 03/17/11  Analyzed: 03/18/11 

Total Kjeldahl Nitrogen mg/L0.20 2.5 90-110970.052.47

LCS (BC11710-BS2) Prepared: 03/17/11  Analyzed: 03/18/11 

Total Kjeldahl Nitrogen mg/L0.20 2.5 90-110950.052.41

Matrix Spike (BC11710-MS1) Prepared: 03/17/11  Analyzed: 03/18/11 Source: 1102291-06

Total Kjeldahl Nitrogen mg/L0.20 2.5 0.376 80-1201050.053.04

Matrix Spike (BC11710-MS2) Prepared: 03/17/11  Analyzed: 03/18/11 Source: 1101684-17

Total Kjeldahl Nitrogen mg/L0.20 2.5 ND 80-120960.052.43

Matrix Spike Dup (BC11710-MSD1) Prepared: 03/17/11  Analyzed: 03/18/11 Source: 1102291-06

Total Kjeldahl Nitrogen mg/L0.20 2.5 0.376 2080-12098 70.052.85

Matrix Spike Dup (BC11710-MSD2) Prepared: 03/17/11  Analyzed: 03/18/11 Source: 1101684-17

Total Kjeldahl Nitrogen mg/L0.20 2.5 ND 2080-120103 70.052.60

Batch BC11814 - TDS Prep

Blank (BC11814-BLK1) Prepared: 03/18/11  Analyzed: 03/22/11 

Total Dissolved Solids mg/L10 1010 U

LCS (BC11814-BS1) Prepared: 03/18/11  Analyzed: 03/22/11 

Total Dissolved Solids mg/L10 1000 90-110102101,020

Duplicate (BC11814-DUP1) Prepared: 03/18/11  Analyzed: 03/22/11 Source: 1102388-02

Total Dissolved Solids mg/L10 27700 240.91028,000

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1102042

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

March 28, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BC11814 - TDS Prep

Duplicate (BC11814-DUP2) Prepared: 03/18/11  Analyzed: 03/22/11 Source: 1102389-01

Total Dissolved Solids mg/L10 1490 240.7101,480

Batch BC12108 - TSS prep

Blank (BC12108-BLK1) Prepared: 03/21/11  Analyzed: 03/22/11 

Total Suspended Solids mg/L1 11 U

LCS (BC12108-BS1) Prepared: 03/21/11  Analyzed: 03/22/11 

Total Suspended Solids mg/L1 50 85-11599149.5

Duplicate (BC12108-DUP1) Prepared: 03/21/11  Analyzed: 03/22/11 Source: 1102050-20

Total Suspended Solids mg/L1 2.00 30012.00

Duplicate (BC12108-DUP2) Prepared: 03/21/11  Analyzed: 03/22/11 Source: 1102050-31

Total Suspended Solids mg/L1 130 3061138

Batch BC12121 - Ion Chromatography 300.0 Prep

Blank (BC12121-BLK1) Prepared & Analyzed: 03/21/11 

Sulfate mg/L0.60 0.200.20 U

LCS (BC12121-BS1) Prepared & Analyzed: 03/21/11 

Sulfate mg/L0.60 9.0 85-115980.208.79

LCS Dup (BC12121-BSD1) Prepared & Analyzed: 03/21/11 

Sulfate mg/L0.60 9.0 20085-11598 0.20.208.81

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager

Page 6 of 11



Work Order: 1102042

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

March 28, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BC12121 - Ion Chromatography 300.0 Prep

Matrix Spike (BC12121-MS1) Prepared & Analyzed: 03/21/11 Source: 1102050-19

Sulfate mg/L0.60 90 65.7 85-115240.2087.6 +O

Matrix Spike (BC12121-MS2) Prepared & Analyzed: 03/21/11 Source: 1102033-09

Sulfate mg/L0.60 90 62.2 85-115NR0.2019.7 +O

Batch BC12220 - alkalinity

Blank (BC12220-BLK1) Prepared & Analyzed: 03/22/11 

Total Alkalinity mg/L8.0 2.02.0 U

Blank (BC12220-BLK2) Prepared & Analyzed: 03/22/11 

Total Alkalinity mg/L8.0 2.02.0 U

Blank (BC12220-BLK3) Prepared & Analyzed: 03/22/11 

Total Alkalinity mg/L8.0 2.02.0 U

LCS (BC12220-BS1) Prepared & Analyzed: 03/22/11 

Total Alkalinity mg/L8.0 120 90-1101012.0130

LCS (BC12220-BS2) Prepared & Analyzed: 03/22/11 

Total Alkalinity mg/L8.0 120 90-1101102.0140

LCS (BC12220-BS3) Prepared & Analyzed: 03/22/11 

Total Alkalinity mg/L8.0 120 90-1101012.0130

Matrix Spike (BC12220-MS1) Prepared & Analyzed: 03/22/11 Source: 1101680-01

Total Alkalinity mg/L8.0 120 290 80-120902.0400

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1102042

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

March 28, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BC12220 - alkalinity

Matrix Spike (BC12220-MS2) Prepared & Analyzed: 03/22/11 Source: 1102050-18

Total Alkalinity mg/L8.0 120 230 80-1201012.0350

Matrix Spike (BC12220-MS3) Prepared & Analyzed: 03/22/11 Source: 1102378-07

Total Alkalinity mg/L8.0 120 230 80-120922.0340

Matrix Spike Dup (BC12220-MSD1) Prepared & Analyzed: 03/22/11 Source: 1101680-01

Total Alkalinity mg/L8.0 120 290 2680-12090 02.0400

Matrix Spike Dup (BC12220-MSD2) Prepared & Analyzed: 03/22/11 Source: 1102050-18

Total Alkalinity mg/L8.0 120 230 2680-120101 02.0350

Matrix Spike Dup (BC12220-MSD3) Prepared & Analyzed: 03/22/11 Source: 1102378-07

Total Alkalinity mg/L8.0 120 230 2680-12092 02.0340

Batch BC12417 - Digestion for TKN by EPA 351.2

Blank (BC12417-BLK1) Prepared: 03/24/11  Analyzed: 03/25/11 

Total Kjeldahl Nitrogen mg/L0.20 0.050.05 U

Blank (BC12417-BLK2) Prepared: 03/24/11  Analyzed: 03/25/11 

Total Kjeldahl Nitrogen mg/L0.20 0.050.05 U

LCS (BC12417-BS1) Prepared: 03/24/11  Analyzed: 03/25/11 

Total Kjeldahl Nitrogen mg/L0.20 2.5 90-1101070.052.67

LCS (BC12417-BS2) Prepared: 03/24/11  Analyzed: 03/25/11 

Total Kjeldahl Nitrogen mg/L0.20 2.5 90-1101080.052.69

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1102042

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

March 28, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BC12417 - Digestion for TKN by EPA 351.2

Matrix Spike (BC12417-MS1) Prepared: 03/24/11  Analyzed: 03/25/11 Source: 1102497-01

Total Kjeldahl Nitrogen mg/L0.20 2.5 ND 80-120980.052.46

Matrix Spike (BC12417-MS2) Prepared: 03/24/11  Analyzed: 03/25/11 Source: 1102544-07

Total Kjeldahl Nitrogen mg/L0.20 2.5 0.716 80-1201070.053.38

Matrix Spike Dup (BC12417-MSD1) Prepared: 03/24/11  Analyzed: 03/25/11 Source: 1102497-01

Total Kjeldahl Nitrogen mg/L0.20 2.5 ND 2080-120108 90.052.69

Matrix Spike Dup (BC12417-MSD2) Prepared: 03/24/11  Analyzed: 03/25/11 Source: 1102544-07

Total Kjeldahl Nitrogen mg/L0.20 2.5 0.716 2080-120104 20.053.31

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1102042

Tampa, FLORIDA 33619

Hazen and Sawyer

10002 Princess Palm Avenue   Suite 200

March 28, 2011

* Qualifiers, Notes and Definitions

Results followed by a "U" indicate that the sample was analyzed but the compound was not detected. Results followed by "I" indicate 

that the reported value is between the laboratory method detection limts and the laboratory practical quantitation limit.

A statement of estimated uncertainty of test results is available upon request.

For methods marked with  **, all QC criteria have been met for this method which is equivalent to a SAL certified method.

Test results in this report meet all the requirements of the NELAC standards. Any applicable qualifiers are shown below. 

Questions regarding this report should be directed to Client Services at 813-855-1844.

+O Matrix spike source sample was over the reccommended range for the method.

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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March 25, 2011

LIMS USE: FR - JOSEFIN

LIMS OBJECT ID: 3527866

3527866

Project:

Pace Project No.:

RE:

Ms. Josefin Edebeck-Hirst
Hazen and Sawyer, P.C
10002 Princess Palm Avenue
Suite 200
Tampa, FL 33619

44237-001/FDOH PNRS II SE #5

Dear Ms. Edebeck-Hirst:

Enclosed are the analytical results for sample(s) received by the laboratory on March 18, 2011.  The
results relate only to the samples included in this report.  Results reported herein conform to the
most current NELAC standards, where applicable, unless otherwise narrated in the body of the
report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Sakina Mckenzie

sakina.mckenzie@pacelabs.com
Project Manager

Enclosures
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CERTIFICATIONS

Pace Project No.:

Project:

3527866

44237-001/FDOH PNRS II SE #5

Ormond Beach Certification IDs
8 East Tower Circle, Ormond Beach, FL  32174
Alabama Certification #: 41320
Arizona Certification #: AZ0735
Colorado Certification: FL NELAC Reciprocity
Connecticut Certification #: PH 0216
Florida Certification #: E83079
Georgia Certification #: 955
Guam Certification: FL NELAC Reciprocity
Hawaii Certification: FL NELAC Reciprocity
Kansas Certification #: E-10383
Kentucky Certification #: 90050
Louisiana Certification #: LA090012
Louisiana Environmental Certificate #: 05007
Maine Certification #: FL1264
Massachusetts Certification #: M-FL1264

Michigan Certification #: 9911
Mississippi Certification: FL NELAC Reciprocity
Montana Certification #: Cert 0074
Nevada Certification: FL NELAC Reciprocity
New Hampshire Certification #: 2958
New Jersey Certification #: FL765
New York Certification #: 11608
North Carolina Environmental Certificate #: 667
North Carolina Certification #: 12710
Pennsylvania Certification #: 68-547
Puerto Rico Certification #: FL01264
Tennessee Certification #: TN02974
Texas Certification: FL NELAC Reciprocity
Virginia Certification #: 00432
Wyoming Certification: FL NELAC Reciprocity
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SAMPLE SUMMARY

Pace Project No.:

Project:

3527866

44237-001/FDOH PNRS II SE #5

Lab ID Sample ID Matrix Date Collected Date Received

3527866001 PNRS STE-TI Water 03/17/11 12:20 03/18/11 07:30

3527866002 UNSAT-IS2 Water 03/17/11 12:45 03/18/11 07:30

REPORT OF LABORATORY ANALYSIS
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SAMPLE ANALYTE COUNT

Pace Project No.:

Project:

3527866

44237-001/FDOH PNRS II SE #5

Lab ID Sample ID Method

Analytes

Reported LaboratoryAnalysts

3527866001 PNRS STE-TI 3 PASI-OSMM

SM 2320B 1 PASI-OHEA

SM 2540C 1 PASI-OAIS

SM 2540D 1 PASI-OAIS

SM 4500-S2F 1 PASI-OLAJ

SM 5210B 1 PASI-OKHC

EPA 300.0 3 PASI-OKDM

EPA 300.0 1 PASI-OKDM

EPA 350.1 1 PASI-OAMD

EPA 351.2 1 PASI-OAMD

EPA 365.4 1 PASI-OAMD

EPA 410.4 1 PASI-OMMD

3527866002 UNSAT-IS2 3 PASI-OSMM

SM 2320B 1 PASI-OHEA

SM 2540C 1 PASI-OAIS

SM 2540D 1 PASI-OAIS

SM 4500-S2F 1 PASI-OLAJ

SM 5210B 1 PASI-OKHC

EPA 300.0 3 PASI-OKDM

EPA 300.0 1 PASI-OKDM

EPA 350.1 1 PASI-OAMD

EPA 351.2 1 PASI-OAMD

EPA 365.4 1 PASI-OAMD

REPORT OF LABORATORY ANALYSIS
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PROJECT NARRATIVE

Pace Project No.:

Project:

3527866

44237-001/FDOH PNRS II SE #5

Method:

Client: Hazen and Sawyer, P.C

Date: March 25, 2011

Description: Field Data

General Information:

2 samples were analyzed for .  All samples were received in acceptable condition with any exceptions noted below.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Internal Standards:

All internal standards were within QC limits with any exceptions noted below.

Surrogates:

All surrogates were within QC limits with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, Inc..

Page 5 of 30

Pace Analytical Services, Inc.

8 East Tower Circle

Ormond Beach, FL 32174

(386)672-5668



PROJECT NARRATIVE

Pace Project No.:

Project:

3527866

44237-001/FDOH PNRS II SE #5

Method:

Client: Hazen and Sawyer, P.C

SM 2320B

Date: March 25, 2011

Description: 2320B Alkalinity

General Information:

2 samples were analyzed for SM 2320B.  All samples were received in acceptable condition with any exceptions noted below.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: WET/7786

A matrix spike and matrix spike duplicate (MS/MSD) were performed on the following sample(s):  3527102025,3527801002

J(M1): Estimated Value. Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS)
recovery.

• MS  (Lab ID: 183428)

• Alkalinity, Total as CaCO3

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS
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PROJECT NARRATIVE

Pace Project No.:

Project:

3527866

44237-001/FDOH PNRS II SE #5

Method:

Client: Hazen and Sawyer, P.C

SM 2540C

Date: March 25, 2011

Description: 2540C Total Dissolved Solids

General Information:

2 samples were analyzed for SM 2540C.  All samples were received in acceptable condition with any exceptions noted below.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS
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PROJECT NARRATIVE

Pace Project No.:

Project:

3527866

44237-001/FDOH PNRS II SE #5

Method:

Client: Hazen and Sawyer, P.C

SM 2540D

Date: March 25, 2011

Description: 2540D Total Suspended Solids

General Information:

2 samples were analyzed for SM 2540D.  All samples were received in acceptable condition with any exceptions noted below.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:

Project:

3527866

44237-001/FDOH PNRS II SE #5

Method:

Client: Hazen and Sawyer, P.C

SM 4500-S2F

Date: March 25, 2011

Description: 4500S2F Hydrogen Sulfide

General Information:

2 samples were analyzed for SM 4500-S2F.  All samples were received in acceptable condition with any exceptions noted below.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:

Project:

3527866

44237-001/FDOH PNRS II SE #5

Method:

Client: Hazen and Sawyer, P.C

SM 5210B

Date: March 25, 2011

Description: 5210B cBOD, 5 day

General Information:

2 samples were analyzed for SM 5210B.  All samples were received in acceptable condition with any exceptions noted below.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with SM 5210B with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

Analyte Comments:

QC Batch: WET/7734

L: Off-scale high. Actual value is known to be greater than value given.

• DUP  (Lab ID: 182271)

• Carbonaceous BOD, 5 day
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PROJECT NARRATIVE

Pace Project No.:

Project:

3527866

44237-001/FDOH PNRS II SE #5

Method:

Client: Hazen and Sawyer, P.C

EPA 300.0

Date: March 25, 2011

Description: 300.0 IC Anions

General Information:

2 samples were analyzed for EPA 300.0.  All samples were received in acceptable condition with any exceptions noted below.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

Analyte Comments:

QC Batch: WETA/9208

1p: The recovery of the analyte in the CRDL standard (also known as the reporting limit verification) did not meet the acceptance
criteria.

• BLANK  (Lab ID: 182578)

• Nitrogen, NO2 plus NO3

• Nitrite as N

• Nitrate as N

• Orthophosphate as P
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PROJECT NARRATIVE

Pace Project No.:

Project:

3527866

44237-001/FDOH PNRS II SE #5

Method:

Client: Hazen and Sawyer, P.C

EPA 300.0

Date: March 25, 2011

Description: 300.0 IC Anions 28 Days

General Information:

2 samples were analyzed for EPA 300.0.  All samples were received in acceptable condition with any exceptions noted below.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: WETA/9209

A matrix spike and matrix spike duplicate (MS/MSD) were performed on the following sample(s):  3527866001,3527880001

J(M1): Estimated Value. Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS)
recovery.

• MS  (Lab ID: 182586)

• Sulfate

• MSD  (Lab ID: 182587)

• Sulfate

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

Analyte Comments:

QC Batch: WETA/9209

1p: The recovery of the analyte in the CRDL standard (also known as the reporting limit verification) did not meet the acceptance
criteria.

• BLANK  (Lab ID: 182582)

• Fluoride
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PROJECT NARRATIVE

Pace Project No.:

Project:

3527866

44237-001/FDOH PNRS II SE #5

Method:

Client: Hazen and Sawyer, P.C

EPA 350.1

Date: March 25, 2011

Description: 350.1 Ammonia

General Information:

2 samples were analyzed for EPA 350.1.  All samples were received in acceptable condition with any exceptions noted below.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: WETA/9216

A matrix spike and matrix spike duplicate (MS/MSD) were performed on the following sample(s):  3527866001

J(M1): Estimated Value. Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS)
recovery.

• MS  (Lab ID: 182739)

• Nitrogen, Ammonia

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:

Project:

3527866

44237-001/FDOH PNRS II SE #5

Method:

Client: Hazen and Sawyer, P.C

EPA 351.2

Date: March 25, 2011

Description: 351.2 Total Kjeldahl Nitrogen

General Information:

2 samples were analyzed for EPA 351.2.  All samples were received in acceptable condition with any exceptions noted below.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 351.2 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:

Project:

3527866

44237-001/FDOH PNRS II SE #5

Method:

Client: Hazen and Sawyer, P.C

EPA 365.4

Date: March 25, 2011

Description: 365.4 Phosphorus, Total

General Information:

2 samples were analyzed for EPA 365.4.  All samples were received in acceptable condition with any exceptions noted below.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:

The samples were prepared in accordance with EPA 365.4 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:

Project:

3527866

44237-001/FDOH PNRS II SE #5

Method:

Client: Hazen and Sawyer, P.C

EPA 410.4

Date: March 25, 2011

Description: 410.4 COD

General Information:

1 sample was analyzed for EPA 410.4.  All samples were received in acceptable condition with any exceptions noted below.

Hold Time:

The samples were analyzed within the method required hold times with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):

All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:

All criteria were within method requirements with any exceptions noted below.

Method Blank:

All analytes were below the report limit in the method blank with any exceptions noted below.

Laboratory Control Spike:

All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:

All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:

All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

This data package has been reviewed for quality and completeness and is approved for release.
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ANALYTICAL RESULTS

Pace Project No.:

Project:

3527866

44237-001/FDOH PNRS II SE #5

Sample: PNRS STE-TI Lab ID: 3527866001 Collected: 03/17/11 12:20 Received: 03/18/11 07:30 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Field Data Analytical Method:

Field pH 7.5 Std. Units 1 03/18/11 09:53

Field Temperature 21.4 deg C 1 03/18/11 09:53

Field Specific Conductance 1099 umhos/cm 1 03/18/11 09:53

2320B Alkalinity Analytical Method: SM 2320B

Alkalinity, Total as CaCO3 387 mg/L 1 03/22/11 17:505.0 5.0

2540C Total Dissolved Solids Analytical Method: SM 2540C

Total Dissolved Solids 456 mg/L 1 03/21/11 08:2910.0 10.0

2540D Total Suspended Solids Analytical Method: SM 2540D

Total Suspended Solids 60.0 mg/L 1 03/21/11 08:1110.0 10.0

4500S2F Hydrogen Sulfide Analytical Method: SM 4500-S2F

Un-ionized Hydrogen Sulfide 3.1 mg/L 1 03/22/11 12:151.0 1.0

5210B cBOD, 5 day Analytical Method: SM 5210B  Preparation Method: SM 5210B

Carbonaceous BOD, 5 day 88.8 mg/L 1 03/23/11 08:3703/18/11 11:132.0 2.0

300.0 IC Anions Analytical Method: EPA 300.0

Nitrate as N 0.050U mg/L 2 03/18/11 12:50 14797-55-80.10 0.050

Nitrite as N 0.050U mg/L 2 03/18/11 12:50 14797-65-00.10 0.050

Orthophosphate as P 5.7 mg/L 2 03/18/11 12:500.20 0.10

300.0 IC Anions 28 Days Analytical Method: EPA 300.0

Sulfate 28.5 mg/L 2 03/18/11 12:50 14808-79-810.0 5.0

350.1 Ammonia Analytical Method: EPA 350.1

Nitrogen, Ammonia 57.5 mg/L 5 03/21/11 10:30 7664-41-7 J(M1)0.25 0.10

351.2 Total Kjeldahl Nitrogen Analytical Method: EPA 351.2  Preparation Method: EPA 351.2

Nitrogen, Kjeldahl, Total 71.3 mg/L 1 03/24/11 08:04 7727-37-903/22/11 09:301.0 0.50

365.4 Phosphorus, Total Analytical Method: EPA 365.4  Preparation Method: EPA 365.4

Phosphorus, Total (as P) 8.2 mg/L 1 03/24/11 08:04 7723-14-003/22/11 09:300.20 0.10

410.4 COD Analytical Method: EPA 410.4

Chemical Oxygen Demand 372 mg/L 1 03/22/11 17:5925.0 12.5
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ANALYTICAL RESULTS

Pace Project No.:

Project:

3527866

44237-001/FDOH PNRS II SE #5

Sample: UNSAT-IS2 Lab ID: 3527866002 Collected: 03/17/11 12:45 Received: 03/18/11 07:30 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Field Data Analytical Method:

Field pH 7.4 Std. Units 1 03/18/11 09:54

Field Temperature 11.8 deg C 1 03/18/11 09:54

Field Specific Conductance 977 umhos/cm 1 03/18/11 09:54

2320B Alkalinity Analytical Method: SM 2320B

Alkalinity, Total as CaCO3 204 mg/L 1 03/22/11 17:565.0 5.0

2540C Total Dissolved Solids Analytical Method: SM 2540C

Total Dissolved Solids 682 mg/L 1 03/21/11 08:3010.0 10.0

2540D Total Suspended Solids Analytical Method: SM 2540D

Total Suspended Solids 6.0 mg/L 1 03/21/11 08:115.0 5.0

4500S2F Hydrogen Sulfide Analytical Method: SM 4500-S2F

Un-ionized Hydrogen Sulfide 1.0U mg/L 1 03/22/11 12:151.0 1.0

5210B cBOD, 5 day Analytical Method: SM 5210B  Preparation Method: SM 5210B

Carbonaceous BOD, 5 day 3.9 mg/L 1 03/23/11 08:3703/18/11 11:132.0 2.0

300.0 IC Anions Analytical Method: EPA 300.0

Nitrate as N 0.83 mg/L 2 03/18/11 13:27 14797-55-80.10 0.050

Nitrite as N 8.1 mg/L 2 03/18/11 13:27 14797-65-00.10 0.050

Orthophosphate as P 1.5 mg/L 2 03/18/11 13:270.20 0.10

300.0 IC Anions 28 Days Analytical Method: EPA 300.0

Sulfate 185 mg/L 5 03/21/11 17:07 14808-79-825.0 12.5

350.1 Ammonia Analytical Method: EPA 350.1

Nitrogen, Ammonia 0.38 mg/L 1 03/21/11 10:34 7664-41-70.050 0.020

351.2 Total Kjeldahl Nitrogen Analytical Method: EPA 351.2  Preparation Method: EPA 351.2

Nitrogen, Kjeldahl, Total 3.2 mg/L 1 03/24/11 08:06 7727-37-903/22/11 09:300.50 0.25

365.4 Phosphorus, Total Analytical Method: EPA 365.4  Preparation Method: EPA 365.4

Phosphorus, Total (as P) 2.5 mg/L 1 03/24/11 08:06 7723-14-003/22/11 09:300.10 0.050
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3527866

44237-001/FDOH PNRS II SE #5

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WET/7786

SM 2320B

SM 2320B

2320B Alkalinity

Associated Lab Samples: 3527866001, 3527866002

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 183423

Associated Lab Samples: 3527866001, 3527866002

Matrix: Water

Analyzed

Alkalinity, Total as CaCO3 mg/L 5.0U 5.0 03/22/11 15:51

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

183424LABORATORY CONTROL SAMPLE:

LCSSpike

Alkalinity, Total as CaCO3 mg/L 246250 98 90-110

Parameter Units

MS

Result

% Rec

Limits Qualifiers% RecConc.

183426MATRIX SPIKE SAMPLE:

MSSpike

Result

3527102025

Alkalinity, Total as CaCO3 mg/L 329250 100 90-11080.0

Parameter Units

MS

Result

% Rec

Limits Qualifiers% RecConc.

183428MATRIX SPIKE SAMPLE:

MSSpike

Result

3527801002

Alkalinity, Total as CaCO3 mg/L 276 J(M1)250 78 90-11081.4

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3527102025

183425SAMPLE DUPLICATE:

Alkalinity, Total as CaCO3 mg/L 79.1 1 2080.0

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3527801002

183427SAMPLE DUPLICATE:

Alkalinity, Total as CaCO3 mg/L 80.6 1 2081.4
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3527866

44237-001/FDOH PNRS II SE #5

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WET/7756

SM 2540C

SM 2540C

2540C Total Dissolved Solids

Associated Lab Samples: 3527866001, 3527866002

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 182776

Associated Lab Samples: 3527866001, 3527866002

Matrix: Water

Analyzed

Total Dissolved Solids mg/L 5.0U 5.0 03/21/11 08:24

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

182777LABORATORY CONTROL SAMPLE:

LCSSpike

Total Dissolved Solids mg/L 290300 97 90-110

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3527866001

182779SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 456 .00000000007 20456

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3527887001

182780SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 1020
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3527866

44237-001/FDOH PNRS II SE #5

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WET/7758

SM 2540D

SM 2540D

2540D Total Suspended Solids

Associated Lab Samples: 3527866001, 3527866002

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 182785

Associated Lab Samples: 3527866001, 3527866002

Matrix: Water

Analyzed

Total Suspended Solids mg/L 5.0U 5.0 03/21/11 08:11

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

182786LABORATORY CONTROL SAMPLE:

LCSSpike

Total Suspended Solids mg/L 86.080 108 90-110

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3527854001

182787SAMPLE DUPLICATE:

Total Suspended Solids mg/L 5.0U 205.0U

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3527934001

182788SAMPLE DUPLICATE:

Total Suspended Solids mg/L 31.0 3 2032.0
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3527866

44237-001/FDOH PNRS II SE #5

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WET/7734

SM 5210B

SM 5210B

5210B cBOD, 5 day

Associated Lab Samples: 3527866001, 3527866002

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 182269

Associated Lab Samples: 3527866001, 3527866002

Matrix: Water

Analyzed

Carbonaceous BOD, 5 day mg/L 2.0U 2.0 03/23/11 08:37

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

182270LABORATORY CONTROL SAMPLE:

LCSSpike

Carbonaceous BOD, 5 day mg/L 169198 85

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3527787001

182271SAMPLE DUPLICATE:

Carbonaceous BOD, 5 day mg/L 11.3 L.0911.3
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3527866

44237-001/FDOH PNRS II SE #5

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WETA/9208

EPA 300.0

EPA 300.0

300.0 IC Anions

Associated Lab Samples: 3527866001, 3527866002

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 182578

Associated Lab Samples: 3527866001, 3527866002

Matrix: Water

Analyzed

Nitrate as N mg/L 0.025U 0.050 1p03/18/11 09:36

Nitrite as N mg/L 0.025U 0.050 1p03/18/11 09:36

Orthophosphate as P mg/L 0.050U 0.10 1p03/18/11 09:36

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

182579LABORATORY CONTROL SAMPLE:

LCSSpike

Nitrate as N mg/L 4.85 95 90-110

Nitrite as N mg/L 4.85 97 90-110

Orthophosphate as P mg/L 9.410 94 90-110

Parameter Units

MS

Result

% Rec

Limits Qual% RecConc.

182580MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike

Result

3527866001

182581

MSD

Result

MSD

% Rec RPD RPD

Max

MSDMS

Spike

Conc.

Nitrate as N mg/L 10 100 90-11099 .2 20100.050U 10 9.9

Nitrite as N mg/L 10 101 90-110101 .04 20100.050U 10.1 10.1

Orthophosphate as P mg/L 20 102 90-110102 .6 20205.7 26.0 26.1
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3527866

44237-001/FDOH PNRS II SE #5

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WETA/9209

EPA 300.0

EPA 300.0

300.0 IC Anions

Associated Lab Samples: 3527866001, 3527866002

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 182582

Associated Lab Samples: 3527866001, 3527866002

Matrix: Water

Analyzed

Sulfate mg/L 2.5U 5.0 03/18/11 09:36

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

182583LABORATORY CONTROL SAMPLE:

LCSSpike

Sulfate mg/L 46.550 93 90-110

Parameter Units

MS

Result

% Rec

Limits Qual% RecConc.

182584MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike

Result

3527866001

182585

MSD

Result

MSD

% Rec RPD RPD

Max

MSDMS

Spike

Conc.

Sulfate mg/L 100 107 90-110107 .3 2010028.5 136 136

Parameter Units

MS

Result

% Rec

Limits Qual% RecConc.

182586MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike

Result

3527880001

182587

MSD

Result

MSD

% Rec RPD RPD

Max

MSDMS

Spike

Conc.

Sulfate mg/L J(M1)100 113 90-110113 .1 2010061.5 175 175
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3527866

44237-001/FDOH PNRS II SE #5

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WETA/9216

EPA 350.1

EPA 350.1

350.1 Ammonia

Associated Lab Samples: 3527866001, 3527866002

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 182736

Associated Lab Samples: 3527866001, 3527866002

Matrix: Water

Analyzed

Nitrogen, Ammonia mg/L 0.020U 0.050 03/21/11 10:24

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

182737LABORATORY CONTROL SAMPLE:

LCSSpike

Nitrogen, Ammonia mg/L 1.01 104 90-110

Parameter Units

MS

Result

% Rec

Limits Qualifiers% RecConc.

182739MATRIX SPIKE SAMPLE:

MSSpike

Result

3527866001

Nitrogen, Ammonia mg/L 63.6 J(M1)5 121 90-11057.5

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3527866001

182738SAMPLE DUPLICATE:

Nitrogen, Ammonia mg/L 59.8 4 2057.5
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3527866

44237-001/FDOH PNRS II SE #5

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WETA/9244

EPA 351.2

EPA 351.2

351.2 TKN

Associated Lab Samples: 3527866001, 3527866002

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 183215

Associated Lab Samples: 3527866001, 3527866002

Matrix: Water

Analyzed

Nitrogen, Kjeldahl, Total mg/L 0.25U 0.50 03/24/11 07:55

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

183216LABORATORY CONTROL SAMPLE:

LCSSpike

Nitrogen, Kjeldahl, Total mg/L 21.020 105 90-110

Parameter Units

MS

Result

% Rec

Limits Qualifiers% RecConc.

183218MATRIX SPIKE SAMPLE:

MSSpike

Result

3527789001

Nitrogen, Kjeldahl, Total mg/L 25.420 107 90-1104.1

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3527789001

183217SAMPLE DUPLICATE:

Nitrogen, Kjeldahl, Total mg/L 4.1 1 204.1
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3527866

44237-001/FDOH PNRS II SE #5

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WETA/9245

EPA 365.4

EPA 365.4

365.4 Phosphorus

Associated Lab Samples: 3527866001, 3527866002

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 183219

Associated Lab Samples: 3527866001, 3527866002

Matrix: Water

Analyzed

Phosphorus, Total (as P) mg/L 0.050U 0.10 03/24/11 08:29

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

183220LABORATORY CONTROL SAMPLE:

LCSSpike

Phosphorus, Total (as P) mg/L 4.04 100 90-110

Parameter Units

MS

Result

% Rec

Limits Qualifiers% RecConc.

183222MATRIX SPIKE SAMPLE:

MSSpike

Result

3527789001

Phosphorus, Total (as P) mg/L 4.54 97 80-1200.59

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3527789001

183221SAMPLE DUPLICATE:

Phosphorus, Total (as P) mg/L 0.59 1 200.59
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3527866

44237-001/FDOH PNRS II SE #5

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WETA/9254

EPA 410.4

EPA 410.4

410.4 COD

Associated Lab Samples: 3527866001

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 183487

Associated Lab Samples: 3527866001

Matrix: Water

Analyzed

Chemical Oxygen Demand mg/L 12.5U 25.0 03/22/11 17:59

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

183488LABORATORY CONTROL SAMPLE:

LCSSpike

Chemical Oxygen Demand mg/L 503500 101 90-110

Parameter Units

MS

Result

% Rec

Limits Qualifiers% RecConc.

183490MATRIX SPIKE SAMPLE:

MSSpike

Result

3527580001

Chemical Oxygen Demand mg/L 704500 96 90-110224

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3527580001

183489SAMPLE DUPLICATE:

Chemical Oxygen Demand mg/L 222 1 20224
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QUALIFIERS

Pace Project No.:

Project:

3527866

44237-001/FDOH PNRS II SE #5

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to changes in sample preparation, dilution of
the sample aliquot, or moisture content.

ND - Not Detected at or above adjusted reporting limit.

MDL - Adjusted Method Detection Limit.

S - Surrogate

1,2-Diphenylhydrazine (8270 listed analyte) decomposes to Azobenzene.

Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.

LCS(D) - Laboratory Control Sample (Duplicate)

MS(D) - Matrix Spike (Duplicate)

DUP - Sample Duplicate

RPD - Relative Percent Difference

NC - Not Calculable.

SG - Silica Gel - Clean-Up

U - Indicates the compound was analyzed for, but not detected.

N-Nitrosodiphenylamine decomposes and cannot be separated from Diphenylamine using Method 8270.  The result reported for
each analyte is a combined concentration.

Pace Analytical is NELAP accredited. Contact your Pace PM for the current list of accredited analytes.

LABORATORIES

Pace Analytical Services - Ormond BeachPASI-O

ANALYTE QUALIFIERS

The recovery of the analyte in the CRDL standard (also known as the reporting limit verification) did not meet the
acceptance criteria.

1p

Estimated Value. Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS)
recovery.

J(M1)

Off-scale high. Actual value is known to be greater than value given.L
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Pace Project No.:

Project:

3527866

44237-001/FDOH PNRS II SE #5

Lab ID Sample ID QC Batch Method QC Batch Analytical Method

Analytical

Batch

3527866001 FLD/PNRS STE-TI

3527866002 FLD/UNSAT-IS2

3527866001 WET/7786PNRS STE-TI SM 2320B

3527866002 WET/7786UNSAT-IS2 SM 2320B

3527866001 WET/7756PNRS STE-TI SM 2540C

3527866002 WET/7756UNSAT-IS2 SM 2540C

3527866001 WET/7758PNRS STE-TI SM 2540D

3527866002 WET/7758UNSAT-IS2 SM 2540D

3527866001 WET/7780PNRS STE-TI SM 4500-S2F

3527866002 WET/7780UNSAT-IS2 SM 4500-S2F

3527866001 WET/7734 WET/7819PNRS STE-TI SM 5210B SM 5210B

3527866002 WET/7734 WET/7819UNSAT-IS2 SM 5210B SM 5210B

3527866001 WETA/9208PNRS STE-TI EPA 300.0

3527866002 WETA/9208UNSAT-IS2 EPA 300.0

3527866001 WETA/9209PNRS STE-TI EPA 300.0

3527866002 WETA/9209UNSAT-IS2 EPA 300.0

3527866001 WETA/9216PNRS STE-TI EPA 350.1

3527866002 WETA/9216UNSAT-IS2 EPA 350.1

3527866001 WETA/9244 WETA/9281PNRS STE-TI EPA 351.2 EPA 351.2

3527866002 WETA/9244 WETA/9281UNSAT-IS2 EPA 351.2 EPA 351.2

3527866001 WETA/9245 WETA/9282PNRS STE-TI EPA 365.4 EPA 365.4

3527866002 WETA/9245 WETA/9282UNSAT-IS2 EPA 365.4 EPA 365.4

3527866001 WETA/9254PNRS STE-TI EPA 410.4
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FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY PAGE 1-1 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 6 HAZEN AND SAWYER, P.C. 

PNRS II Test Facility 
Data Summary Report No. 6 

1.0 Background 
Task A of the Florida Onsite Sewage Nitrogen Reduction Strategies Study includes the 
evaluation of passive treatment systems to remove nitrogen from septic tank effluent. 
The Passive Nitrogen Removal Study II (PNRS II) is a follow-up to the previous experi-
mental evaluations of passive nitrogen removal technologies conducted in Passive Ni-
trogen Removal Study I. The objective of the PNRS II study is to extend the field pilot 
testing of the two-stage biofiltration process that was initiated in PNRS I.  A unique test 
facility was constructed for the purpose of this evaluation. The Task A.15 PNRS II Quali-
ty Assurance Project Plan (QAPP) documents the objectives, experimental biofiltration 
systems, monitoring framework, sample frequency and duration, and analytical methods 
to be used at the PNRS II Test Facility.  

2.0 Purpose 
This data summary report documents data that was collected in the PNRS II monitoring 
and sampling event which was conducted May 19, 2011.   The corresponding sample 
event report was submitted as Sample Event Report No. 6, May 2011, as a deliverable 
under Task A.25.  The monitoring event consisted of an assessment and evaluation of 
PNRS II operation, measurement of flowrates for all systems and flowrate adjustment if 
warranted, measurement of field parameters, collection of biofilter influent and effluent 
samples, and their analyses in a NELAC certified laboratory. 

3.0 Materials and Methods 

3.1 Project Site 
The PNRS II Test Facility is located at the University of Florida Gulf Coast Research and 
Education Center (GCREC) in southeast Hillsborough County, Florida. The specially de-
signed facility enables the simultaneous operation and performance testing of numerous 
biofilter treatment trains in parallel using the same wastewater source.  The source of 
the influent wastewater is the septic tank effluent from the existing onsite wastewater 
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system serving the GCREC.  Details of the design and construction of the PNRS II test 
facility were presented previously in Task A.17, A.18, A.19 and A.24 documents.   

3.2 Modifications of PNRS II Systems Monitoring and Sampling Locations and Iden-
tification 

The results of Sample Event No. 1 through 5 and careful observation of PNRS II sys-
tems were used to formulate recommendations for modifications to the test systems at 
the GCREC pilot facility.  The modifications that were made following Sample Event No. 
5 are presented in this section.  All recommendations were based on the overall goal of 
PNRS II: to provide functional specifications for modular biofiltration components for 
passive onsite nitrogen reducing wastewater treatment systems.  

3.2.1 Replace (UNSAT-PS1) with Clinoptilolite (UNSAT-CL5) 
In Sample Event 5, the unsaturated recirculating biofilter with polystyrene media (UN-
SAT-PS1) continued to exhibit poor nitrogen performance as compared to the other 
stage one media.  Performance of the polystyrene media improved after switching to re-
circulation, and improved further after increasing the recycle rate to 6:1.  Although further 
improvements in performance could result using even higher recycle rates, the energy 
and control requirements from the system would then not satisfy the “passive” objectives 
of the project. Therefore, the polystyrene system was replaced with an additional single 
pass clinoptilolite Stage 1 biofilter.  The new clinoptilolite biofilter (UNSAT-CL5) was 
brought online April 14, 2011. UNSAT-CL5 is a duplicate of UNSAT-CL3, and contains 
10 inches of clinoptilolite 8x14 (1.4 - 2.38 mm) underlain by 20 inches of clinoptilolite 
16x50 (0.3 -1.2 mm). The directly connected Stage 2 biofilter (DENIT-LS4) was not mod-
ified.  

3.3 Monitoring and Sampling Locations and Identification 
A schematic of the PNRS II test facility is shown in Figure 1.  Septic tank effluent (STE) 
from GCREC is pumped from PNRS II-STE-T1 into the PNRS II systems through five 
points of entry: Hydro-1, Hydro-2, UNSAT-IS-1, UNSAT-IS-2 and UNSAT-IS3.  PNRS II 
biofilters are grouped into the four types of systems shown in Figure 1, Group I, II, III and 
IV systems.  The nomenclature and reactor/sample identification used for the PNRS II 
test facility sampling events are listed in Table 1. The sample designations listed in Ta-
ble 1 also largely correspond to the locations at which flow volumes are measured in 
each sample event. 
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Figure 1 
PNRS II Test Facility System Schematic 
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Table 1 
PNRS II Sample Identification 

Group (Figure 1) Sample Location Sample Identification 
 STE PNRS II Storage Tank 1 PNRS II-STE-T1 

I 

Stage 1 Single Pass Biofilters 

UNSAT-EC1 
UNSAT-EC3 
UNSAT-CL1 
UNSAT-CL3 
UNSAT-CL5 

Stage 2 Single Pass Upflow Biofilters 

DENIT-SU4 
DENIT-LS3 
DENIT-SU3 
DENIT-LS2 
DENIT-LS4 

II 

Recirculation Tanks 

RC1 
RC2 
RC3 
RC4 

Stage 1 Recirculating Biofilters 

UNSAT-SA2 
UNSAT-EC4 
UNSAT-CL2 
UNSAT-CL4 

III 

Denite Feed Collection Tank DFT 

Stage 2 Horizontal Biofilters 

UNSAT-SU1 
UNSAT-SU2 
UNSAT-LS1 
UNSAT-GL1 

IV 

In-Situ In-Tank Simulator Single Pass Biofilter 

UNSAT-IS1 
UNSAT-IS2 
UNSAT-IS3 
UNSAT-IS4 

In-Situ In-Tank Simulator Single Pass Biofilter 
Sample Port 
(below EC & LS mixture and above SU layer) 

UNSAT-IS1-SP 
UNSAT-IS2-SP 
UNSAT-IS3-SP 
UNSAT-IS4-SP 

3.4 Operational Monitoring 
Start-up of the PNRS II test facility occurred on May 17, 2010 and all systems have op-
erated continually since that time.  The entire facility operation is checked at least once 
per week and a detailed log of operational observations and activities is maintained.  
The programmable logic controller (PLC) which controls many of the dosing and pump 
controls also records pump run times and flow data from flow meters at the facility, and 
these data can provide useful insight on facility operations. 



o:
\4

42
37

-0
01

R
00

4\
W

pd
oc

s\
R

ep
or

t\F
in

al
 

 

 June 2011 

FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY PAGE 1-5 
PNRS II TEST FACILITY DATA SUJMMARY REPORT NO. 6 HAZEN AND SAWYER, P.C. 

3.5 Water Quality Sample Collection and Analyses  
Influent and effluent water quality samples from the PNRS II test systems for Sample 
Event 6 were collected May 19, 2011.  A sample of STE was collected from the feed line 
connecting STE Storage Tank 1 (PNRS II-STE-T1) to Hydrosplitter 1 which supplies 
STE to the single pass Stage 1 biofilters (Figure 1).  A manual dose event was initiated 
on the control panel until sufficient STE sample volume was collected in a clean sample 
container.  Stage 1, 2, and in-situ simulator biofilter and recirculation tank effluents were 
each sampled by directing the entire flow from the biofilter into a large, clean sample 
container over a period of time sufficient to obtain the desired sample volume (approx-
imately 3.5 liters).  Sample containers were immediately placed in coolers on ice prior to 
subdivision of the composited sample.   
 
The composite samples in the 3.5 liter sample containers were then subdivided into 
analysis-specific sample containers.  The analysis-specific containers were supplied by 
the analytical laboratory and contained appropriate preservatives.  The analysis-specific 
containers were labeled, placed in coolers and transported on ice to the analytical labor-
atory. Each sample container was secured in packing material as appropriate to prevent 
damage and spills, and was recorded on chain-of-custody forms supplied by the labora-
tory.  Chain of custody forms, provided in Appendix D, were used to document the trans-
fer of samples from field personnel to the analytical laboratory.  One chain of custody 
form was filled out for each set of samples and placed inside the cooler. 
 
Equipment blank, field blank, and field sample duplicates were taken.  The equipment 
blank was collected using a previously cleaned STE sample collection bottle.  The bottle 
was filled with distilled water provided by the laboratory and allowed to sit for eight mi-
nutes. The sample containers were then analyzed for the same parameters as the sam-
ples. The field blank was collected by filling sample containers with distilled water that 
had been transported from the laboratory into the field along with other sample contain-
ers.  The field sample duplicates were collected immediately subsequent to the regular 
samples from the same composite sample.  The duplicate sample containers for this 
event were filled with PNRS II T1-STE effluent, DENIT-SU3 effluent, DENIT-LS2 efflu-
ent, and DENIT-LS3 effluent. Additionally, laboratory split samples were collected imme-
diately subsequent to the regular samples from the same composite sample. The labora-
tory split sample containers for this event were filled with PNRS II T1-STE effluent and 
DFT.   
 
Field parameters were measured using portable electronic probes and included temper-
ature (Temp), dissolved oxygen (DO), oxidation-reduction potential (ORP), pH, and spe-
cific conductance. Temperature (Temp), dissolved oxygen (DO), and oxidation-reduction 
potential (ORP) were measured with probe tips placed in flow through samplers located 
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directly in the outlet pipe at each sample location.  Specific conductance and pH were 
measured using external sample collection reservoirs.  Field parameter results are listed 
in Appendix B. The influent and effluent samples were analyzed by the laboratory for: 
total alkalinity, total Kjeldahl nitrogen (TKN-N), ammonia nitrogen (NH3-N), nitrate nitro-
gen, (NO3-N), nitrite nitrogen (NO2-N), carbonaceous biochemical oxygen demand 
(CBOD5), total suspended solids (TSS), and fecal coliform (fecal).  For some of the deni-
trification biofilters containing elemental sulfur media, influent and effluent sample ana-
lyses were also conducted for sulfate (SO4) and hydrogen sulfide (H2S).  Table 2 lists the 
analytical parameters, analytical methods, and detection limits for these analyses. 
 

Table 2 
Analytical Parameters, Method of Analysis, and Detection Limits 

Analytical Parameter Method of Analysis Laboratory Detection Limit 
(mg/L) 

Total Alkalinity as CaCO3 SM 2320B 2 mg/L 
Total Kjeldahl Nitrogen (TKN-N) EPA351.2 0.05 mg/L 
Ammonia Nitrogen (NH3-N) EPA350.1 0.01 mg/L 
Nitrate/Nitrite Nitrogen (NOX-N) EPA353.2 0.01 mg/L 
Carbonaceous BOD (CBOD5) SM 5210B 2 mg/L 
Total Dissolved Solids (TDS) SM 2540C 10 mg/L 
Total Suspended Solids (TSS) SM 2540D 1 mg/L 
Chemical Oxygen Demand (COD) EPA 410.4 10 mg/L 
Orthophosphate as P EPA 300.0 0.01 mg/L 
Total Phosphorus (TP) SM 4500PE 0.01 mg/L 
Fecal Coliform (fecal) SM9222D 1 ct/100mL 
Sulfate (SO4) EPA300.0 0.2 mg/L 
Hydrogen Sulfide Unionized (H2S) SM4500S F 0.01 mg/L 
Sulfide SM4500S F 0.1 mg/L 
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3.6 Flow Monitoring  
Flow rates for all PNRS II systems were calibrated at initial start-up.  The flow rates are 
then measured and recorded at each sampling event and adjusted as necessary to 
maintain flow rates consistent with the experimental design following the sampling event.  
Flow volumes are measured just after sampling and field analyses and represent the 
flow rates in effect during the water quality monitoring.  Flow rates are then adjusted as 
necessary to correspond to the target flow rates in the experimental design. For this 
Sampling Event, influent flow volumes were measured on May 19, 2011 following the 
sampling event and reported in the Sampling Event No. 6 Report. Flow monitoring re-
sults are presented in Appendix C. 

4.0 Results and Discussion  

4.1 Operational Monitoring  
Start up of the PNRS II test facility occurred on May 17, 2010.  The test systems have 
been operated continuously since the May 17th start up, with the exception of occasional 
power interruptions or outages (see operation and maintenance log).  The power inter-
ruptions were of relatively short duration. For the most part, operation of the pilot biofil-
ters was fully and automatically resumed when power was restored. The only exceptions 
are the three peristaltic pumps: Pump 5 which supplies the two In-Situ simulators UN-
SAT-IS1 and IS2, Pump 10 which supplies the two column In-Situ simulators UNSAT-
IS3 and IS4, and Pump 11 which supplies the four horizontal flow denitrification biofil-
ters.  Initially, the peristaltic pumps displayed an error message and required manual 
restarting upon disruption of the power supply; their off times were somewhat longer 
than the other system pumps.  The peristaltic pump settings were saved through the 
power outage, and the same pump operation was resumed once the error code was ac-
knowledged. The peristaltic pumps have since been reprogrammed to start automatically 
in the event of temporary discontinuance of the power supply.  Appendix A provides the 
operation and maintenance log which includes actions taken since start-up. Appendix B 
provides summary tables of the PLC recorded data of daily runtimes and flows for the 
test facility between March 17th and May 18th (Day 304 through Day 366 since start-up) 
used to check general pump operation and performance.  
 
The recycle rates to the recirculating systems are monitored and recorded in the PLC as 
Pumps 6, 7, 8, and 9 flows.  The data shows that the recycle flows are very close to the 
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initially set 44 gpd rate for Pumps 6, 7, 8 and 9, indicating that the desired recycle ratio 
of approximately 3:1 is being met.   

4.2 Water Quality Analyses   
Water quality analytical results for Sample Event No. 6 are listed in Table 3.  Quality 
Control samples, including field blanks, equipment blanks, and external duplicate and 
lab split samples are also included in this table.  Results for the blanks were examined 
for obvious problems with sample contamination or improper decontamination of sam-
pling equipment.  Duplicate and split samples were examined for reproducibility, and 
where the differences were significant relative to the sample value, the laboratory was 
notified and requested to verify accuracy in reporting and reanalysis of the sample was 
requested if warranted.  Significant difference determinations for the various lab analys-
es were based upon a review of reproducibility data in Standard Methods and EPA 
guidelines as well as on experience of the project team and data accuracy requirements 
for this project.    
 
Table 4 shows the results of the QC sampling for this sample event, and a calculation of 
the percent difference between the sample value and the duplicate/split samples.  The 
sample results that are highlighted in this table were forwarded back to the laboratories 
for verification and potential reanalysis.  Any changes to these data from this verification 
will be reflected in the next data summary report.   
 
A summary of the water quality data collected to date for the PNRS II systems is pre-
sented in Table 5.  The following discussion summarizes these results.  The laboratory 
report containing the raw analytical data is included in Appendix D.   

Influent Water Quality  Most water quality characteristics of STE collected in Sample 
Event 6 remained closer to typical STE composition than were STE samples collected 
earlier in the PNRS II study.  However, sample Event 6 STE CBOD5 was very low, below 
the range generally expected for domestic STE.  The measured STE total nitrogen (TN) 
concentration was 40 mg/L, which is within the range that has been typically reported for 
Florida single family residence STE, but lower than previous samples from the GCREC 
system.  The performance of the various biofilter systems was compared by considering 
the changes through treatment of nitrogen species (TKN-N, NH3-N, and NOX-N), as well 
as supporting water quality parameters.                                                                                   

Group I Single Pass Biofilters  Effluent NH3-N levels were below 0.01 mg/L for all five 
Stage 1 single pass biofilters and all DO levels were greater than 5.7 mg/L (Table 3). 
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TSS and CBOD5 were 2 mg/L or below in all effluents.  Organic N ranged from 2.0 to 3.7 
mg/L in these same five systems. NOx increased significantly in all Stage 1 biofilter efflu-
ents corresponding to the decrease in TKN from nitrification.  The five single pass biofil-
ters performed exceptionally well in removing suspended solids and CBOD5 and in con-
verting ammonium to oxidized nitrogen. 

Effluent NOX-N was less than 0.12 mg/L in three of the five Stage 2 single pass denitrifi-
cation biofilters, including two with elemental sulfur and one with new lignocellulosic me-
dia.  Two of the three lignocellulosic biofilters with new media (DENIT-LS2 and DENIT-
LS3) exhibited incomplete denitrification with effluent NOx-N of 22.8 and 16.8 mg/L, re-
spectively.  

Group II Stage 1 Recirculating Biofilters  NH3-N levels were at or below 0.06 mg/L for 
all four recirculating Stage 1 biofilters which contain clinoptilolite, expanded clay, and 
sand media.  Effluent DO was 4.5 to 7.9 mg/L.  Effluent NOx-N ranged from 14 to 22 
mg/L and organic N from 2.0 to 12.0 mg/L for these four recirculating Stage 1 biofilters.  
The nitrification performance of these biofilters was quite acceptable and TN reduction 
from recirculation (pre-denitrification) averaged 41%.  TSS and CBOD5 were 7 mg/L or 
below in all effluents.  
 
Group III Stage 2 Horizontal Biofilters  Influent NOx-N to these biofilters (from the de-
nite feed tank (DFT)) was 17 mg/L. Effluent NOx-N was 0.06 mg/L and less in all four 
Stage 2 horizontal biofilters.  The low NOx-N were accompanied by < 0.1 mg/L DO and 
ORP of -267 to –323 mV.  All horizontal biofilters were highly effective in producing a 
reducing environment and achieving their NOx-N reduction goals.  DENIT-LS1 with the 
new lignocellulosic media exhibited complete denitrification, with effluent NOx-N less 
than 0.03 mg/L.  DENIT-LS1 continued to exhibit slightly elevated effluent levels of oxi-
dizable organic matter and TSS. 
 
Group IV In-Situ Simulator Systems For UNSAT-IS2, effluent TKN and NH3-N were 12 
and 30 mg/L, respectively, indicating incomplete ammonification and nitrification.  
CBOD5 reduction was also incomplete as evidenced by effluent CBOD5 of 19 mg/L. All 
four in-situ simulator systems exhibited low effluent NOx-N of less than 1.3 mg/L.  In-situ 
simulator effluent SO4 concentrations were 200, 54, 300 and 190 mg/L, for IS1, IS2, IS3 
and IS4 respectively.  For IS3-SP and IS4-SP, the sample taken above the denitrification 
media saturated sulfur layer, NH3-N was 0.45 and 0.23 mg/L, respectively, indicating 
fairly complete nitrification by this point in the media sequence.      
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UNSAT-IS 4 receives a nitrified influent from UNSAT-CL3 with NO3-N of 23 and NO3-N 
was 20 mg/L at the monitoring point above the sulfur layer.  This suggests that the ma-
jority of nitrate removal was occurring in the sulfur layer.   
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Table 3 
Water Quality Analytical Results 

            

 
Group 

(Figure 1)
Sample ID Media Composition Analytical Laboratory

Sample 
Date/Time

Sample 
Type

Temp 
(°C)

pH
Total 

Alkalinity 
(mg/L)

DO      
(mg/L)

ORP 
(mV)

Specific 
Conductance 

(µS)

TSS 
(mg/L)

CBOD5 

(mg/L)

TN       

(mg/L N)1
TKN      

(mg/L N)

Organic N 

(mg/L N)2
NH3-N 

(mg/L N)

NO3-N 

(mg/L N)

NO2-N 

(mg/L N)

NOx 
(mg/L N)

TIN        

(mg/L N)3
TP      

(mg/L)
Sulfide 
(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

Fecal     
(Ct/100 

mL)
STE Sample
PNRS II STE-Tank 1 Southern 5/19/11 12:15 G 25.1 7.6 380 2 -243.5 960 467 47 40.04 40 8.00 32 0.03 0.01 0.04 32.04 9.1 1.7 24 9400
PNRS II STE-Tank 1-D Southern 5/19/11 12:15 G 25.1 7.6 400 2 -243.5 960 473 59 41.04 41 8.00 33 0.03 0.01 0.04 33.04 9900
PNRS II STE-Tank 1-D2 Pace 5/19/11 12:15 G 25.1 7.6 347 2 -243.5 960 256 44.8 56.74 56.5 3.70 52.8 0.12 0.12 0.24 53.04 5.4 1.8 32.9
Stage 1 Single Pass Biofilters  Effluent
UNSAT-EC1 15" Expanded Clay Southern 5/19/11 10:00 G 23.5 7.2 170 6.3 50.3 900 1 2 24.01 2 2.00 0.005 22 0.01 22.01 22.02 61 20
UNSAT-EC3 30" Expanded Clay Southern 5/19/11 10:00 G 23.5 7.1 190 5.7 42.7 940 2 2 24.01 2 2.00 0.005 22 0.01 22.01 22.02 1
UNSAT-CL1 15" Clinoptilolite Southern 5/19/11 10:00 G 23.5 7.4 160 6.9 35.2 980 1 2 25.71 2.7 2.70 0.005 23 0.01 23.01 23.02 61 20
UNSAT-CL3 30" Clinoptilolite Southern 5/19/11 10:00 G 22.9 7.5 260 7.6 32.3 1120 1 2 26.71 3.7 3.70 0.005 23 0.01 23.01 23.02 1
UNSAT-CL5 30" Clinoptilolite Southern 5/19/11 10:00 G 23.5 7.9 280 6.9 18.4 1130 1 2 24.51 2.5 2.50 0.005 22 0.01 22.01 22.02 24
Stage 2 Single Pass  Upflow Biofilters Effluent
DENIT-SU4 10% Limestone; 30% Sulfur; 60% Expanded Clay Southern 5/19/11 9:00 G 21.1 7.4 0.1 -239.9 1220 2 2 1.72 1.6 0.83 0.77 0.11 0.01 0.12 0.89 0.21 0.05 420 1
DENIT-LS3-REV 50% New Lignocellulosic; 50% Sand Southern 5/19/11 9:00 G 21.1 7.7 300 4.2 -72.5 940 1 2 19.76 3 1.60 1.4 16 0.76 16.76 18.16 1
DENIT-LS3-REV-D 50% New Lignocellulosic; 50% Sand Southern 5/19/11 9:00 G 21.1 7.7 300 4.2 -72.5 940 4 2 20.04 3.3 0.40 2.9 16 0.74 16.74 19.64 1
DENIT-SU3 80% Sulfur; 20% Oyster Shell Southern 5/19/11 9:00 G 20.8 7.4 200 0.1 -248.9 1380 1 7 3.01 2.9 0.20 2.7 0.1 0.01 0.11 2.81 520 1
DENIT-SU3-D 80% Sulfur; 20% Oyster Shell Southern 5/19/11 9:00 G 20.8 7.4 200 0.1 -248.9 1380 1 3 2.03 2 0.60 1.4 0.02 0.01 0.03 1.43 1
DENIT-LS2-REV 25% New Lignocellulosic; 75% Expanded Clay Southern 5/19/11 9:00 G 20.2 7.9 240 3.1 -54.9 1100 2 2 26.26 3.5 3.45 0.05 22 0.76 22.76 22.81 1
DENIT-LS2-REV-D 25% New Lignocellulosic; 75% Expanded Clay Southern 5/19/11 9:00 G 20.1 7.9 340 3.1 -54.9 1100 1 2 26.02 3.3 3.26 0.044 22 0.72 22.72 22.76 1
DENIT-LS4-REV 30% New Lignocellulosic; 70% Expanded Clay Southern 5/19/11 9:00 G 19.9 8.1 380 0.6 -106.5 1080 5 7 1.52 1.5 1.50 0.005 0.01 0.01 0.02 0.03 1
Recirculation Tanks Effluent
RC1 Southern 5/19/11 11:30 G 23.4 7.5 200 0.1 26.4 750 3 2 21.88 8.7 0.70 8 13 0.18 13.18 21.18 460
RC2 Southern 5/19/11 11:00 G 21.2 7.5 170 0.7 -7 770 5 2 27.34 10 4.60 5.4 17 0.34 17.34 22.74 370
RC3 Southern 5/19/11 10:30 G 21.9 7.4 190 0.1 3 780 7 4 33.13 16 7.20 8.8 17 0.13 17.13 25.93 560
RC4 Southern 5/19/11 10:45 G 21.7 7.5 270 0.1 -4.6 800 5 8 28.06 21 9.00 12 6.2 0.86 7.06 19.06 8600
Stage 1 Recirculating Biofilters Effluent
UNSAT-CL4 30" Clinoptilolite Southern 5/19/11 9:50 G 22.2 7.4 210 7.6 7.8 750 3 2 26.01 12 12.00 0.005 14 0.01 14.01 14.02 18
UNSAT-CL2 15" Clinoptilolite Southern 5/19/11 9:50 G 22.8 7.3 130 6.8 22.2 740 6 2 25.21 3.2 3.19 0.008 22 0.01 22.01 22.02 20
UNSAT-EC4 30" Expanded Clay Southern 5/19/11 10:05 G 22.7 7.3 130 7.9 30.6 710 7 2 22.61 2.6 2.60 0.005 20 0.01 20.01 20.02 1
UNSAT-SA2 30" Sand Southern 5/19/11 9:50 G 22.5 7.1 140 4.5 27.4 760 7 2 21.11 2.1 2.04 0.062 19 0.01 19.01 19.07 21
Denite Feed Tank (Tank 3)
DFT Southern 5/19/11 12:00 G 21.2 7.5 170 7.5 35.1 770 3 2 20.21 3.2 3.20 0.005 17 0.01 17.01 17.02 11 60 11
DFT-D Pace 5/19/11 12:05 G 21.2 7.5 167 7.5 35.1 770 5 2 22.38 0.55 0.53 0.02 21.8 0.025 21.825 21.85 4.9 1 68
Stage 2 Horizontal Biofilters Effluent
DENIT-SU1 80% Sulfur; 20% Oyster Shell Southern 5/19/11 8:00 G 16.9 7.2 200 0.1 -323.1 1000 3 2 2.96 2.9 1.60 1.3 0.05 0.01 0.06 1.36 270 1
DENIT-SU2 10% Limestone; 30% Sulfur; 60% Expanded Clay Southern 5/19/11 8:00 G 16.7 7.1 260 0.1 -309.9 1010 3 24 3.53 3.5 1.90 1.6 0.02 0.01 0.03 1.63 17 7.4 260 1
DENIT-LS1-REV 50% New Lignocellulosic; 50% Expanded Clay Southern 5/19/11 8:00 G 16.1 7.3 220 0.1 -301.8 700 6 29 27.03 27 27.00 0.005 0.02 0.01 0.03 0.04 1
DENIT-GL1 12" Gravel; 60" Expanded Clay Southern 5/19/11 8:00 G 16.4 6.8 400 0.1 -267.3 850 2 15 1.94 1.9 0.20 1.7 0.03 0.01 0.04 1.74 1000
In-situ Simulator Biofilters Effluent
UNSAT-IS1 (receives STE) 4" Coarse Sand; 8" Fine Sand; 12" Mix (60% EC, 40% New Ligno); 4" Sulfur Southern 5/19/11 11:25 G 24.1 7.3 240 2.4 -51.7 810 8 4 4.60 3.3 2.93 0.37 0.48 0.82 1.3 1.67 200 1
UNSAT-IS2 (receives STE) 4" EC>1.53mm; 8" EC As-Is; 12" Mix (60% EC, 40% New Ligno); 4" Sulfur Southern 5/19/11 11:25 G 24.4 7.3 320 4.7 -23.1 850 7 19 42.04 42 12.00 30 0.03 0.01 0.04 30.04 54 19
UNSAT-IS3-SP (receives STE) Above 4" Sulfur layer Southern 5/19/11 8:45 G 18.2 7.1 410 -100.3 1000 4 3 15.22 2.8 2.35 0.45 12 0.42 12.42 12.87 88 1
UNSAT-IS3 (receives STE) 4" CL 8X14; 8" CL 16X50; 12" Mix (60% EC, 40% New Ligno); 4" Sulfur Southern 5/17/11 9:10 G 12 7.38 390 97.5 1395 8 6 3.63 3.6 2.00 1.6 0.02 0.01 0.03 1.63 300 9

UNSAT-IS4-SP (receives UNSAT-CL3 NO3) Above 4" Sulfur layer Southern 5/19/11 8:45 G 17.5 7 220 -150.1 1140 4 2 23.10 2.6 2.37 0.23 20 0.5 20.5 20.73 100 1

UNSAT-IS4 (receives UNSAT-CL3 NO3) 4" Coarse Sand; 8" Fine Sand; 12" Mix (60% EC, 40% New Ligno); 4" Sulfur Southern 5/17/11 9:15 G 14.3 7.13 530 76.1 1379 34 38 2.43 2.4 2.32 0.076 0.02 0.01 0.03 0.11 190 1
Field Blank Reagent Water Southern 5/19/11 9:45 19.9 7 11 7.4 -54.2 5 1 2 0.07 0.05 0.04 0.008 0.01 0.01 0.02 0.03 1
Equipment Blank Reagent Water - Cleaned STE Bottle #1 Southern 5/19/11 9:45 19.4 7.5 11 8.2 -14.4 5 1 2 0.07 0.05 0.05 0.005 0.01 0.01 0.02 0.03

Blue-shaded data points indicate matrix spike was outside typical range. All other QC criteria were acceptable.

Notes:
1Total Nitrogen (TN) is a calculated value equal to the sum of TKN and NOX
2Organic Nitrogen (ON) is a calculated value equal to the difference of TKN and NH3
3Total Inorganic Nitrogen (TIN) is a calculated value equal to the sum of NH3 and NOX

EC: expanded clay, CL: clinoptilolite, PS: polystyrene, SU: elemental sulfur, LS: lignocellulosic, GL: glycerol, OS: oyster shell, NS: sodium sesquicarbonate, GR: gravel
D.O. - Dissolved oxygen
G - Grab sample
Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.
Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.
Orange - shaded data points indicate too many colonies were present.  The numberic value represents the dilution factor times the maximum reportable number of colonies.
Purple-shaded data points indicate results based upon colony counts outside the method indicated ideal range.

I

II

III

IV
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Table 4 
Sample Event No. 6 External QC Sample Results 

            

 
 
 
 
 
 
 
 
 
 
 
 
 1STE lab sample and duplicate sample agree, therefore the STE split sample is eliminated.  

 
 

Sample ID

Value % diff Value % diff Value % diff Value % diff Value % diff Value % diff Value % diff Value % diff Value % diff
STE Lab 380 467 47 40 32 0.03 0.01 24 9400
STE Dup 400 5.3% 473 1.3% 59 25.5% 41 2.5% 33 3.1% 0.03 N/A 0.01 MDL 9900
STE Split 347 -8.7% 256 -45.2% 44.8 -4.7% 56.5 41.3% 52.8 65.0% 0.12 MDL 0.12 MDL 32.9 37.1%
LS3 Lab 300 1 2 3 1.4 16 0.76 1
LS3 Dup 300 0.0% 4 300.0% 2 MDL 3.3 10.0% 2.9 107.1% 16 0.0% 0.74 -2.6% 1
SU3 Lab 200 1 7 2.9 2.7 0.1 0.01 520 1
SU3 Dup 200 0.0% 1 0.0% 3 -57.1% 2 -31.0% 1.4 -48.1% 0.02 -80.0% 0.01 MDL 1
LS2 Lab 240 2 2 3.5 0.05 22 0.76 1
LS2 Dup 340 41.7% 1 -50.0% 2 MDL 3.3 -5.7% 0.044 -12.0% 22 0.0% 0.72 -5.3% 1
DFT Lab 170 3 2 3.2 0.005 17 0.01 60 11
DFT Split 167 -1.8% 5 MDL 2 MDL 0.55 -82.8% 0.02 MDL 21.8 28.2% 0.025 MDL 68 13.3%

Field Blank 11 1 2 0.05 0.008 0.01 0.01 1
Equipment Blank 11 1 2 0.05 0.005 0.01 0.01

Total Alkalinity 
(mg/L)

TSS               
(mg/L)

CBOD5                 

(mg/L)

TKN               
(mg/L N)

Fecal
NH3-N             

(mg/L N)

NO3-N             

(mg/L N)

NO2-N              

(mg/L N)

SO4                        

(mg/L)
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Table 5 
Summary of Water Quality Data 

            

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sample ID
Media 

Composition
Date of  
Start-up

Statistical 
Parameter

Temp 
(°C)

pH
Total 

Alkalinity 
(mg/L)

DO       
(mg/L)

ORP 
(mV)

Specific 
Conductance 

(µS)

TDS 
(mg/L)

TSS       
(mg/L)

CBOD5      

(mg/L)

COD 
(mg/L)

TN       

(mg/L N)1
TKN      

(mg/L N)

Organic N 

(mg/L N)2
NH3-N    

(mg/L N)
NO3-N    

(mg/L N)

NO2-N    

(mg/L N)

NOx      
(mg/L N)

TIN         

(mg/L N)3
TP        

(mg/L)
Ortho P 
(mg/L P)

Sulfide   
(mg/L)

H2S       

(mg/L)

SO4          

(mg/L)

Fecal       
(Ct/100 

mL)

n 9 9 8 7 6 9 7 9 9 5 8 9 8 8 3 4 8 8 3 NS 5 5 5 5
MEAN 24.43 - 347.50 1.45 -253.25 1032.56 390.00 97.78 65.89 266.00 57.91 58.00 9.63 48.25 0.03 0.02 0.04 48.29 9.00 12.26 5.44 22.18 -
STD. DEV. 4.53 - 78.51 1.31 29.61 199.11 80.42 142.51 28.52 67.31 19.81 18.53 3.62 19.51 0.02 0.01 0.02 19.51 3.49 4.88 4.39 14.38 -
MIN 13.70 6.40 210.00 0.04 -308.90 649.00 240.00 15.00 22.00 210.00 30.03 30.00 5.00 20.00 0.02 0.01 0.01 20.02 6.60 5.20 1.20 2.90 80.00
MAX 28.30 7.60 430.00 2.80 -231.70 1250.00 470.00 467.00 94.00 380.00 80.01 80.00 15.00 67.00 0.05 0.04 0.06 67.01 13.00 16.00 12.00 38.00 77000.00

n 6 6 6 6 5 6 5 6 6 4 6 6 6 6 3 3 6 6 1 1 3 3 6 3
MEAN 19.55 - 151.67 6.96 71.60 980.00 648.00 1.17 2.00 15.25 44.72 3.53 3.02 0.51 41.33 0.04 41.19 41.70 3.90 1.00 0.42 0.04 57.83 -
STD. DEV. 8.88 - 26.39 0.55 48.63 197.09 170.35 0.41 0.00 5.12 18.73 1.16 0.98 0.78 17.79 0.06 17.66 18.06 - - 0.50 0.03 7.76 -
MIN 7.80 6.70 110.00 6.30 25.70 617.00 350.00 1.00 2.00 10.00 21.20 2.00 2.00 0.01 22.00 0.01 19.00 19.01 3.90 1.00 0.10 0.01 46.00 1.00
MAX 28.60 7.25 180.00 7.90 137.50 1150.00 770.00 2.00 2.00 22.00 66.80 4.80 4.29 1.70 57.00 0.11 62.00 63.30 3.90 1.00 1.00 0.06 67.00 3900.00
n 6 6 6 6 5 6 5 6 6 4 6 6 6 6 3 3 6 6 1 1 NS NS NS 3
MEAN 19.82 - 177.33 6.69 65.12 1040.67 696.00 1.50 2.00 13.25 46.04 3.20 2.79 0.41 38.33 0.01 42.84 43.25 3.90 1.50 -
STD. DEV. 9.26 - 52.10 0.76 42.79 191.20 166.82 0.55 0.00 3.20 23.38 1.04 0.64 0.98 14.36 0.00 22.35 23.18 - - -
MIN 6.30 6.80 84.00 5.70 22.20 712.00 410.00 1.00 2.00 10.00 21.20 2.00 2.00 0.01 22.00 0.01 19.00 19.01 3.90 1.50 1.00
MAX 29.20 7.34 220.00 7.90 117.00 1250.00 850.00 2.00 2.00 16.00 85.90 4.90 3.50 2.40 49.00 0.01 81.00 83.40 3.90 1.50 4.00
n 6 6 6 6 5 6 5 6 6 4 6 6 6 6 3 3 6 6 1 1 3 3 6 3
MEAN 19.37 - 206.67 6.37 59.98 1105.17 716.00 2.17 2.00 17.00 40.98 3.12 3.10 0.01 42.33 0.06 37.86 37.88 8.00 1.80 0.47 0.03 54.67 -
STD. DEV. 9.97 - 35.02 1.78 47.54 156.26 147.24 2.40 0.00 5.29 20.56 1.02 1.02 0.01 26.86 0.09 19.66 19.67 - - 0.47 0.04 10.09 -
MIN 5.80 7.10 160.00 3.53 10.70 857.00 470.00 1.00 2.00 10.00 20.70 2.60 2.60 0.01 23.00 0.01 18.00 18.01 8.00 1.80 0.10 0.01 37.00 12.00
MAX 29.50 8.30 250.00 8.80 116.20 1271.00 850.00 7.00 2.00 22.00 78.21 5.20 5.18 0.02 73.00 0.16 73.01 73.03 8.00 1.80 1.00 0.08 62.00 100.00
n 6 6 6 6 5 6 5 6 6 4 6 6 6 6 3 3 6 6 1 1 NS NS NS 3
MEAN 19.85 - 281.67 7.76 49.00 1198.67 776.00 1.33 2.00 20.00 47.02 3.17 3.15 0.01 42.33 0.03 43.85 43.86 6.80 3.00 -
STD. DEV. 8.45 - 37.64 1.09 40.73 151.07 127.59 0.52 0.00 6.68 23.22 0.56 0.56 0.01 20.03 0.03 23.44 23.44 - - -
MIN 8.30 7.30 230.00 6.85 8.20 974.00 550.00 1.00 2.00 13.00 22.80 2.70 2.68 0.01 23.00 0.01 20.00 20.01 6.80 3.00 1.00
MAX 28.70 8.64 340.00 9.90 100.50 1388.00 850.00 2.00 2.00 29.00 82.70 4.00 3.99 0.03 63.00 0.07 80.00 80.01 6.80 3.00 110.00
n 1 1 1 1 1 1 NS 1 1 NS 1 1 1 1 1 1 1 1 NS NS NS NS NS 1
MEAN 23.50 - 280.00 6.90 18.40 1130.00 1.00 2.00 24.51 2.50 2.50 0.01 22.00 0.01 22.01 22.02 -
STD. DEV. - - - - - - - - - - - - - - - - -
MIN 23.50 7.90 280.00 6.90 18.40 1130.00 1.00 2.00 24.51 2.50 2.50 0.01 22.00 0.01 22.01 22.02 24.00
MAX 23.50 7.90 280.00 6.90 18.40 1130.00 1.00 2.00 24.51 2.50 2.50 0.01 22.00 0.01 22.01 22.02 24.00
n 2 2 2 2 1 2 2 2 2 1 2 2 2 2 NS NS 2 2 1 NS NS NS NS 1
MEAN 27.80 - 220.00 2.60 60.00 804.50 345.00 3.00 4.35 48.00 43.25 34.50 8.30 26.20 8.75 34.95 5.90 -
STD. DEV. 1.13 - 84.85 0.14 - 290.62 106.07 1.41 1.91 - 25.39 26.16 1.84 28.00 0.78 27.22 - -
MIN 27.00 7.28 160.00 2.50 60.00 599.00 270.00 2.00 3.00 48.00 25.30 16.00 7.00 6.40 8.20 15.70 5.90 930.00
MAX 28.60 7.60 280.00 2.70 60.00 1010.00 420.00 4.00 5.70 48.00 61.20 53.00 9.60 46.00 9.30 54.20 5.90 930.00

n 2 2 2 2 1 2 2 2 2 1 2 2 2 2 NS NS 2 2 1 NS 2 2 2 1
MEAN 27.60 - 145.00 0.15 -106.60 1162.00 755.00 1.00 2.95 22.00 1.09 1.04 0.83 0.21 0.05 0.26 3.20 0.95 0.31 405.00 -
STD. DEV. 0.71 - 7.07 0.07 - 329.51 275.77 0.00 1.34 - 0.43 0.37 0.23 0.15 0.06 0.21 - 1.20 0.42 205.06 -
MIN 27.10 6.60 140.00 0.10 -106.60 929.00 560.00 1.00 2.00 22.00 0.78 0.77 0.67 0.10 0.01 0.11 3.20 0.10 0.01 260.00 1.00
MAX 28.10 7.30 150.00 0.20 -106.60 1395.00 950.00 1.00 3.90 22.00 1.39 1.30 0.99 0.31 0.09 0.40 3.20 1.80 0.60 550.00 1.00
n 5 5 4 5 5 5 3 4 4 3 4 4 4 4 3 3 4 4 NS 1 4 4 4 2
MEAN 16.66 - 165.00 2.76 -110.22 1410.00 1066.67 2.75 2.00 21.67 1.32 1.25 0.93 0.32 0.08 0.02 0.08 0.40 1.30 0.59 0.13 477.50 -
STD. DEV. 6.00 - 110.91 3.28 152.76 174.29 57.74 2.22 0.00 9.61 0.33 0.29 0.14 0.30 0.05 0.01 0.06 0.34 - 0.48 0.11 69.46 -
MIN 7.00 6.80 0.00 0.10 -239.90 1220.00 1000.00 1.00 2.00 13.00 0.91 0.89 0.79 0.10 0.02 0.01 0.02 0.12 1.30 0.14 0.05 420.00 1.00
MAX 21.10 7.40 240.00 7.80 138.00 1659.00 1100.00 6.00 2.00 32.00 1.72 1.60 1.10 0.77 0.11 0.03 0.13 0.89 1.30 1.00 0.29 560.00 3.00
n 5 5 4 5 4 5 4 4 4 3 4 4 4 4 1 1 4 4 1 NS NS NS NS 2
MEAN 19.92 - 220.00 2.80 56.70 1118.20 670.00 1.25 4.50 18.67 26.47 2.95 2.54 0.41 43.00 0.05 23.52 23.92 3.30 -
STD. DEV. 8.87 - 16.33 2.24 147.89 267.06 210.87 0.50 5.00 9.29 18.43 1.03 1.17 0.42 - - 18.28 17.86 - -
MIN 6.60 6.70 200.00 0.10 -79.00 695.00 370.00 1.00 2.00 11.00 2.01 2.00 1.05 0.01 43.00 0.05 0.01 0.96 3.30 1.00
MAX 28.10 7.70 240.00 5.40 259.30 1432.00 840.00 2.00 12.00 29.00 45.35 4.30 3.78 0.95 43.00 0.05 43.05 43.06 3.30 1.00
n 2 2 2 2 2 2 1 2 2 1 2 2 2 2 2 2 2 2 NS 1 NS NS NS 1
MEAN 19.20 - 355.00 2.50 -183.55 983.50 720.00 1.50 61.00 320.00 10.72 2.30 1.23 1.07 8.03 0.39 8.42 9.49 2.60 -
STD. DEV. 2.69 - 77.78 2.40 157.05 61.52 - 0.71 83.44 - 12.79 0.99 0.52 0.47 11.27 0.53 11.80 12.27 - -
MIN 17.30 7.40 300.00 0.80 -294.60 940.00 720.00 1.00 2.00 320.00 1.67 1.60 0.86 0.74 0.06 0.01 0.07 0.81 2.60 1.00
MAX 21.10 7.70 410.00 4.20 -72.50 1027.00 720.00 2.00 120.00 320.00 19.76 3.00 1.60 1.40 16.00 0.76 16.76 18.16 2.60 1.00
n 7 7 6 7 6 7 5 6 6 4 6 6 6 6 3 3 6 6 1 1 3 3 6 3
MEAN 19.71 - 235.00 1.60 -235.67 1470.43 1002.00 6.17 6.00 38.50 2.60 2.55 1.42 1.14 0.04 0.02 0.05 1.18 6.20 2.30 4.70 2.38 481.67 -
STD. DEV. 7.63 - 43.24 2.87 42.34 131.19 183.08 6.18 4.47 9.81 0.52 0.52 0.74 0.85 0.05 0.02 0.04 0.88 - - 2.30 1.89 114.79 -
MIN 6.90 6.70 170.00 0.10 -285.20 1257.00 710.00 1.00 2.00 26.00 1.85 1.80 0.20 0.46 0.01 0.01 0.01 0.47 6.20 2.30 2.40 0.85 340.00 1.00
MAX 28.40 7.60 280.00 7.70 -180.00 1655.00 1200.00 16.00 13.00 50.00 3.02 3.00 2.24 2.70 0.10 0.04 0.11 2.81 6.20 2.30 7.00 4.50 650.00 6.00

STE Sample

Stage 1 Single Pass Biofilters  Effluent

Stage 2 Single Pass  Upflow Biofilters Effluent

STE-Tank 1

UNSAT-EC1 15" Expanded Clay

UNSAT-EC3 30" Expanded Clay

UNSAT-CL1 15" Clinoptilolite

UNSAT-CL3 30" Clinoptilolite

UNSAT-PS1 
(old)

30" Polystyrene

DENIT-LS3 
(new)

50% New 
Lignocellulosic; 
50% Sand

UNSAT-CL5 30" Clinoptilolite

1/28/2011

5/17/2010

5/17/2010

5/17/2010

5/17/2010

5/17/2010

5/17/2010

5/17/2010

5/17/2010

10/25/2010

5/17/2010

DENIT-SU4 
(new)

10% Limestone; 
30% Sulfur; 60% 
Expanded Clay

5/17/2010

DENIT-SU4 (old)
80% Sulfur; 20% 
Sodium Sesqui.

DENIT-LS3 (old)

DENIT-SU3
80% Sulfur; 20% 
Oyster Shell

50% 
Lignocellulosic; 
50% Sand
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Table 5 (con’t) 
Summary of Water Quality Data 

 

            

 
Sample ID

Media 
Composition

Date of  
Start-up

Statistical 
Parameter

Temp 
(°C)

pH
Total 

Alkalinity 
(mg/L)

DO       
(mg/L)

ORP 
(mV)

Specific 
Conductance 

(µS)

TDS 
(mg/L)

TSS       
(mg/L)

CBOD5      

(mg/L)

COD 
(mg/L)

TN       

(mg/L N)1
TKN      

(mg/L N)

Organic N 

(mg/L N)2
NH3-N    

(mg/L N)
NO3-N    

(mg/L N)

NO2-N    

(mg/L N)

NOx      
(mg/L N)

TIN         

(mg/L N)3
TP        

(mg/L)
Ortho P 
(mg/L P)

Sulfide   
(mg/L)

H2S       

(mg/L)

SO4          

(mg/L)

Fecal       
(Ct/100 

mL)
n 2 2 2 2 1 2 2 2 2 1 2 2 2 2 NS NS 2 2 1 NS NS NS NS 1
MEAN 27.25 - 375.00 2.10 -11.50 1223.00 680.00 5.00 3.75 24.00 17.45 2.25 1.99 0.27 15.20 15.47 5.70 -
STD. DEV. 0.07 - 7.07 2.83 - 318.20 240.42 5.66 2.47 - 20.72 1.20 1.15 0.05 19.52 19.57 - -
MIN 27.20 7.80 370.00 0.10 -11.50 998.00 510.00 1.00 2.00 24.00 2.80 1.40 1.17 0.23 1.40 1.63 5.70 1.00
MAX 27.30 8.14 380.00 4.10 -11.50 1448.00 850.00 9.00 5.50 24.00 32.10 3.10 2.80 0.30 29.00 29.30 5.70 1.00
n 3 3 2 3 3 3 2 2 2 2 2 2 2 2 1 1 2 2 NS NS NS NS NS 1
MEAN 15.43 - 330.00 4.47 66.37 1315.67 820.00 1.50 2.00 21.00 31.79 3.25 3.16 0.09 41.00 0.07 28.54 28.63 -
STD. DEV. 7.68 - 14.14 0.47 199.09 124.24 56.57 0.71 0.00 7.07 16.95 0.78 0.77 0.01 - - 17.73 17.72 -
MIN 6.80 7.30 320.00 4.10 -135.00 1200.00 780.00 1.00 2.00 16.00 19.80 2.70 2.62 0.09 41.00 0.07 16.00 16.10 1.00
MAX 21.50 7.61 340.00 5.00 263.10 1447.00 860.00 2.00 2.00 26.00 43.77 3.80 3.70 0.10 41.00 0.07 41.07 41.16 1.00
n 2 2 2 2 2 2 1 2 2 1 2 2 2 2 2 2 2 2 NS 1 NS NS NS 1
MEAN 17.25 - 295.00 3.25 -77.00 1088.50 710.00 3.00 2.00 39.00 22.38 3.75 2.83 0.93 17.00 1.63 18.63 19.56 2.80 -
STD. DEV. 4.17 - 77.78 0.21 31.25 16.26 - 1.41 0.00 - 5.49 0.35 0.88 1.24 7.07 1.23 5.84 4.60 - -
MIN 14.30 7.90 240.00 3.10 -99.10 1077.00 710.00 2.00 2.00 39.00 18.50 3.50 2.20 0.05 12.00 0.76 14.50 16.30 2.80 1.00
MAX 20.20 8.00 350.00 3.40 -54.90 1100.00 710.00 4.00 2.00 39.00 26.26 4.00 3.45 1.80 22.00 2.50 22.76 22.81 2.80 1.00
n 5 5 4 5 4 5 4 4 4 3 4 4 4 4 1 1 4 4 1 NS NS NS NS 2
MEAN 20.12 - 242.50 2.28 -49.78 897.40 410.00 30.50 4.28 25.67 31.84 28.50 12.68 15.83 3.10 0.29 3.34 19.17 6.90 -
STD. DEV. 8.35 - 80.98 2.14 95.34 197.05 95.57 58.34 3.35 8.14 24.75 25.96 14.41 12.06 - - 4.58 12.19 - -
MIN 7.40 7.30 180.00 0.40 -137.80 618.00 270.00 1.00 2.00 20.00 14.01 12.00 2.50 5.80 3.10 0.29 0.01 5.81 6.90 1.00
MAX 28.10 7.62 360.00 5.20 81.00 1120.00 480.00 118.00 9.10 35.00 67.17 67.00 34.00 33.00 3.10 0.29 9.80 33.17 6.90 12.00
n 2 2 2 2 2 2 1 2 2 1 2 2 2 2 2 2 2 2 NS 1 NS NS NS 1
MEAN 18.05 - 315.00 0.60 -151.00 957.50 450.00 7.50 4.50 90.00 7.78 7.75 0.75 7.00 0.02 0.01 0.03 7.03 2.20 -
STD. DEV. 2.62 - 91.92 0.00 62.93 173.24 - 3.54 3.54 - 8.85 8.84 1.06 9.90 0.01 0.00 0.01 9.90 - -
MIN 16.20 7.70 250.00 0.60 -195.50 835.00 450.00 5.00 2.00 90.00 1.52 1.50 0.00 0.01 0.01 0.01 0.02 0.03 2.20 1.00
MAX 19.90 8.10 380.00 0.60 -106.50 1080.00 450.00 10.00 7.00 90.00 14.03 14.00 1.50 14.00 0.02 0.01 0.03 14.03 2.20 1.00

n 6 6 6 5 5 6 5 6 6 4 6 6 6 6 3 3 6 6 1 1 NS NS NS 3
MEAN 21.50 - 186.67 0.81 -23.10 873.67 502.00 3.33 4.30 30.00 34.30 13.95 3.67 10.28 16.00 0.70 20.35 30.64 5.80 3.20 -
STD. DEV. 8.81 - 17.51 0.97 75.16 149.91 98.84 2.34 3.63 6.27 11.55 3.20 3.23 2.83 4.36 0.63 9.14 11.52 - - -
MIN 7.20 7.20 160.00 0.03 -128.30 637.00 330.00 1.00 2.00 22.00 21.88 8.70 0.70 5.70 13.00 0.18 12.00 17.70 5.80 3.20 114.00
MAX 30.80 7.50 210.00 2.10 57.00 1011.00 580.00 7.00 11.00 37.00 53.00 17.00 9.30 13.00 21.00 1.40 36.00 49.00 5.80 3.20 8200.00
n 6 6 6 5 5 6 5 6 6 4 6 6 6 6 3 3 6 6 1 1 NS NS NS 3
MEAN 21.17 - 180.00 1.02 -25.80 900.67 522.00 2.83 4.17 33.50 33.96 14.50 3.88 10.62 18.67 0.59 19.46 30.08 4.20 3.40 -
STD. DEV. 8.60 - 24.49 1.02 64.04 146.50 102.81 1.47 3.37 7.05 6.98 3.21 3.63 4.19 3.79 0.53 5.03 8.56 - - -
MIN 7.40 7.10 140.00 0.10 -108.20 679.00 340.00 1.00 2.00 24.00 27.00 10.00 0.00 5.30 16.00 0.22 12.00 17.30 4.20 3.40 99.00
MAX 30.50 7.50 210.00 2.50 58.50 1031.00 590.00 5.00 9.00 41.00 43.00 19.00 9.70 15.00 23.00 1.20 24.20 38.00 4.20 3.40 9100.00
n 6 6 6 5 5 6 5 6 6 4 6 6 6 6 3 3 6 6 1 1 NS NS NS 3
MEAN 20.92 - 210.00 1.20 16.12 937.17 514.00 6.83 6.38 49.25 33.92 15.17 4.83 10.33 14.67 2.51 18.76 29.09 6.40 6.60 -
STD. DEV. 8.40 - 34.64 1.04 56.20 145.62 90.72 3.87 3.88 9.25 6.42 2.71 4.07 3.57 2.08 2.44 7.41 8.42 - - -
MIN 7.40 6.90 160.00 0.10 -47.20 760.00 360.00 1.00 2.00 39.00 27.00 12.00 0.00 5.50 13.00 0.13 11.00 16.50 6.40 6.60 109.00
MAX 30.20 7.61 260.00 2.30 89.00 1128.00 590.00 13.00 12.00 61.00 45.00 19.00 10.50 16.00 17.00 5.00 33.00 41.70 6.40 6.60 13000.00
n 6 6 6 5 5 6 5 6 6 4 6 6 6 6 3 3 6 6 1 1 NS NS NS 3
MEAN 20.97 - 250.00 0.50 -14.56 960.67 534.00 9.00 4.95 39.75 30.90 17.83 6.68 11.15 5.45 2.02 13.07 24.22 6.70 6.10 -
STD. DEV. 8.12 - 41.95 0.80 81.07 140.98 97.88 7.43 2.80 14.77 4.83 4.45 4.00 3.68 4.97 1.35 8.78 8.49 - - -
MIN 8.30 7.30 180.00 0.00 -121.90 800.00 400.00 2.00 2.70 26.00 25.84 11.00 2.00 5.50 0.14 0.86 1.84 14.84 6.70 6.10 112.00
MAX 30.40 7.80 290.00 1.90 73.00 1112.00 620.00 21.00 9.00 57.00 38.00 24.00 11.00 16.00 10.00 3.50 27.00 35.40 6.70 6.10 8700.00
n 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 2 3 3 NS 1 NS NS NS 1
MEAN 15.47 - 236.67 1.77 -25.80 956.00 473.33 11.00 8.67 58.33 38.17 28.00 3.33 24.67 5.75 2.50 10.17 34.83 5.70 -
STD. DEV. 7.11 - 20.82 1.42 110.83 84.07 30.55 5.20 7.02 2.31 6.30 3.61 2.52 2.89 0.78 1.27 3.34 6.22 - -
MIN 7.90 7.10 220.00 0.50 -120.70 888.00 440.00 8.00 2.00 57.00 32.60 24.00 1.00 23.00 5.20 1.60 7.90 30.90 5.70 12700.00
MAX 22.00 7.40 260.00 3.30 96.00 1050.00 500.00 17.00 16.00 61.00 45.00 31.00 6.00 28.00 6.30 3.40 14.00 42.00 5.70 12700.00

RC2

RC3

RC5

30% 
Lignocellulosic; 
70% Expanded Clay

DENIT-LS2 (old)
25% 
Lignocellulosic; 
75% Expanded Clay

RC1

RC4

Recirculation Tanks Effluent

DENIT-LS2 
(new)

25% New 
Lignocellulosic; 
75% Expanded Clay

DENIT-LS4 
(new)

5/17/2010

10/25/2010

1/28/2011

5/17/2010

1/28/2011
30% New 
Lignocellulosic; 
70% Expanded Clay

DENIT-LS4 (old)

DENIT-LS2 
(original)

50% 
Lignocellulosic; 
50% Expanded Clay

5/17/2010

5/17/2010

5/17/2010

5/17/2010

5/17/2010
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Table 5 (con’t) 
Summary of Water Quality Data 

 

            

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sample ID
Media 

Composition
Date of  
Start-up

Statistical 
Parameter

Temp 
(°C)

pH
Total 

Alkalinity 
(mg/L)

DO       
(mg/L)

ORP 
(mV)

Specific 
Conductance 

(µS)

TDS 
(mg/L)

TSS       
(mg/L)

CBOD5      

(mg/L)

COD 
(mg/L)

TN       

(mg/L N)1
TKN      

(mg/L N)

Organic N 

(mg/L N)2
NH3-N    

(mg/L N)
NO3-N    

(mg/L N)

NO2-N    

(mg/L N)

NOx      
(mg/L N)

TIN         

(mg/L N)3
TP        

(mg/L)
Ortho P 
(mg/L P)

Sulfide   
(mg/L)

H2S       

(mg/L)

SO4          

(mg/L)

Fecal       
(Ct/100 

mL)

n 6 6 6 6 5 6 5 6 6 4 6 6 6 6 3 3 6 6 1 1 NS NS NS 3
MEAN 20.45 - 191.67 8.06 10.68 942.33 616.00 2.50 2.00 13.25 33.01 4.00 3.99 0.01 27.67 0.06 29.01 29.02 7.60 4.90 -
STD. DEV. 8.57 - 54.56 1.47 63.76 151.34 81.73 2.81 0.00 2.06 12.95 3.93 3.93 0.01 11.93 0.08 14.52 14.52 - - -
MIN 7.90 6.72 110.00 7.10 -98.20 750.00 480.00 1.00 2.00 11.00 10.30 2.10 2.09 0.01 14.00 0.01 7.90 7.92 7.60 4.90 1.00
MAX 29.30 8.20 270.00 11.00 55.50 1174.00 680.00 8.00 2.00 16.00 45.10 12.00 12.00 0.02 36.00 0.15 43.00 43.01 7.60 4.90 18.00
n 6 6 6 6 5 6 5 6 6 4 6 6 6 6 3 3 6 6 1 1 NS NS NS 3
MEAN 19.58 - 163.33 6.02 -6.92 910.17 588.00 2.33 2.17 21.00 35.32 2.58 2.57 0.01 28.33 0.13 32.73 32.74 7.10 2.30 -
STD. DEV. 8.69 - 35.02 1.72 58.99 126.29 84.68 1.97 0.41 3.46 14.28 0.52 0.52 0.01 7.09 0.11 14.21 14.21 - - -
MIN 6.00 7.00 120.00 2.90 -88.90 740.00 440.00 1.00 2.00 16.00 17.10 2.00 1.98 0.01 22.00 0.01 15.00 15.01 7.10 2.30 4.00
MAX 27.10 7.85 200.00 7.90 50.20 1050.00 650.00 6.00 3.00 24.00 56.30 3.20 3.19 0.02 36.00 0.23 54.00 54.01 7.10 2.30 730.00
n 6 6 6 6 5 6 5 6 6 4 6 6 6 6 3 3 6 6 1 1 NS NS NS 3
MEAN 20.45 - 136.67 7.90 9.38 863.33 568.00 2.17 2.00 14.25 34.52 2.43 2.42 0.01 29.00 0.17 32.09 32.10 3.80 1.80 -
STD. DEV. 8.16 - 17.51 1.12 65.50 145.68 125.18 2.40 0.00 3.50 12.41 0.33 0.33 0.01 8.54 0.28 12.30 12.30 - - -
MIN 7.00 6.90 110.00 6.90 -88.80 661.00 350.00 1.00 2.00 10.00 18.90 1.90 1.89 0.01 20.00 0.01 17.00 17.01 3.80 1.80 1.00
MAX 28.50 7.30 160.00 10.00 78.80 1000.00 660.00 7.00 2.00 18.00 52.30 2.90 2.89 0.04 37.00 0.50 50.00 50.01 3.80 1.80 21.00
n 6 6 6 6 5 6 5 6 6 4 6 6 6 6 3 3 6 6 1 1 NS NS NS 3
MEAN 20.03 - 128.33 6.86 13.36 834.33 537.60 4.00 2.17 17.25 30.81 2.85 2.59 0.26 25.33 0.24 27.96 28.21 6.30 2.10 -
STD. DEV. 8.37 - 17.22 1.71 62.82 131.71 121.53 5.02 0.41 3.77 9.35 0.58 0.48 0.35 6.51 0.40 8.80 8.93 - - -
MIN 6.20 6.04 110.00 4.50 -70.80 604.00 330.00 1.00 2.00 13.00 19.20 2.10 2.04 0.01 19.00 0.01 17.00 17.01 6.30 2.10 1.00
MAX 28.20 7.10 150.00 9.60 89.20 953.00 638.00 13.00 3.00 22.00 41.50 3.50 3.29 0.74 32.00 0.71 38.00 38.74 6.30 2.10 41.00
n 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 2 3 3 NS 1 NS NS NS 1
MEAN 14.90 - 176.67 4.53 3.87 908.33 510.00 5.33 6.00 47.33 52.33 20.33 3.00 17.33 11.50 1.50 32.00 49.33 2.20 -
STD. DEV. 9.00 - 40.41 3.65 75.36 55.75 34.64 3.51 5.29 7.23 39.57 6.66 3.46 3.21 2.12 0.28 32.95 36.10 - -
MIN 5.80 7.20 130.00 0.60 -49.90 845.00 490.00 2.00 2.00 39.00 28.30 16.00 1.00 15.00 10.00 1.30 11.30 27.30 2.20 9500.00
MAX 23.80 7.30 200.00 7.80 90.00 950.00 550.00 9.00 12.00 52.00 98.00 28.00 7.00 21.00 13.00 1.70 70.00 91.00 2.20 9500.00
n 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 2 3 3 NS 1 NS NS NS 1
MEAN 14.77 - 196.67 4.83 -3.87 901.33 513.33 3.67 5.67 39.67 37.73 22.00 3.33 18.67 12.00 1.09 15.73 34.39 3.80 -
STD. DEV. 8.52 - 5.77 3.34 22.85 68.01 35.12 2.52 3.79 6.11 4.41 1.73 1.15 2.89 1.41 0.16 4.65 4.61 - -
MIN 5.00 7.00 190.00 1.00 -26.90 834.00 480.00 1.00 3.00 33.00 33.20 21.00 2.00 17.00 11.00 0.98 12.20 29.20 3.80 3900.00
MAX 20.70 7.40 200.00 7.10 18.80 970.00 550.00 6.00 10.00 45.00 42.00 24.00 4.00 22.00 13.00 1.20 21.00 38.00 3.80 3900.00

n 6 6 6 6 5 6 5 6 6 4 6 6 6 6 3 3 6 6 3 1 4 4 6 3
MEAN 19.98 - 160.00 7.97 17.50 892.50 576.00 1.33 2.00 27.00 29.41 3.07 3.01 0.05 28.00 0.03 26.35 26.40 8.87 1.90 0.65 0.16 59.00 -
STD. DEV. 7.79 - 24.49 0.97 38.48 113.38 107.14 0.82 0.00 12.81 10.73 0.40 0.38 0.06 10.54 0.03 10.90 10.88 2.26 - 0.66 0.25 8.29 -
MIN 6.40 7.00 130.00 7.31 -40.90 744.00 390.00 1.00 2.00 18.00 19.50 2.40 2.35 0.01 17.00 0.01 16.00 16.17 6.50 1.90 0.10 0.01 46.00 1.00
MAX 28.10 8.06 200.00 9.80 62.20 1020.00 660.00 3.00 2.00 46.00 42.80 3.50 3.33 0.17 38.00 0.06 40.00 40.01 11.00 1.90 1.40 0.53 67.00 22.00

n 6 6 6 6 5 6 5 6 6 4 6 6 6 6 3 3 6 6 1 1 3 3 6 3
MEAN 17.48 - 223.33 0.61 -284.68 1208.17 842.00 1.50 13.33 45.00 2.54 2.43 1.08 1.35 0.07 0.09 0.11 1.46 5.00 2.90 23.67 10.73 325.00 -
STD. DEV. 11.61 - 20.66 0.65 37.47 163.71 132.74 0.84 10.78 17.11 0.40 0.38 0.71 0.69 0.03 0.13 0.13 0.60 - - 6.11 1.42 82.89 -
MIN 0.20 6.80 200.00 0.10 -323.10 1000.00 660.00 1.00 2.00 22.00 2.04 1.90 0.30 0.46 0.05 0.01 0.01 0.81 5.00 2.90 17.00 9.20 230.00 1.00
MAX 28.00 7.20 250.00 1.60 -231.20 1473.00 1000.00 3.00 26.00 63.00 2.96 2.90 2.14 2.40 0.11 0.24 0.35 2.44 5.00 2.90 29.00 12.00 450.00 5.00
n 2 2 2 2 1 2 2 2 2 1 2 2 2 2 NS NS 2 2 1 NS 2 2 2 1
MEAN 26.35 - 235.00 0.87 -279.00 1400.00 810.00 1.50 12.45 50.00 4.11 1.50 1.04 0.47 2.61 3.08 4.80 7.05 3.36 305.00 -
STD. DEV. 2.19 - 35.36 0.52 - 2.83 169.71 0.71 10.68 - 3.24 0.42 0.22 0.64 3.66 3.02 - 9.83 4.73 233.35 -
MIN 24.80 7.00 210.00 0.50 -279.00 1398.00 690.00 1.00 4.90 50.00 1.83 1.20 0.88 0.01 0.03 0.95 4.80 0.10 0.01 140.00 1.00
MAX 27.90 9.08 260.00 1.23 -279.00 1402.00 930.00 2.00 20.00 50.00 6.40 1.80 1.19 0.92 5.20 5.21 4.80 14.00 6.70 470.00 1.00
n 4 4 4 4 4 4 3 4 4 3 4 4 4 4 3 3 4 4 NS 1 4 4 4 2
MEAN 11.95 - 215.00 0.60 -220.13 1196.50 893.33 3.50 8.50 29.67 1.59 1.56 0.98 0.58 0.01 0.02 0.04 0.61 2.00 7.53 3.43 362.50 -
STD. DEV. 11.34 - 31.09 0.69 95.54 155.64 136.14 3.11 10.50 15.31 1.30 1.30 0.62 0.70 0.01 0.02 0.02 0.70 - 6.90 3.07 103.40 -
MIN 0.30 6.80 190.00 0.10 -309.90 1010.00 740.00 1.00 2.00 18.00 0.77 0.74 0.52 0.03 0.01 0.01 0.02 0.06 2.00 1.00 0.01 260.00 1.00
MAX 25.50 7.10 260.00 1.60 -90.00 1350.00 1000.00 8.00 24.00 47.00 3.53 3.50 1.90 1.60 0.02 0.05 0.06 1.63 2.00 17.00 7.40 490.00 3.00
n 5 5 5 5 4 5 4 5 5 3 5 5 5 5 1 1 5 5 1 NS NS NS NS 2
MEAN 17.60 - 226.00 0.49 -127.05 931.20 507.50 1.00 13.18 26.00 16.33 2.10 1.80 0.30 22.00 0.10 14.23 14.53 0.46 -
STD. DEV. 10.95 - 26.08 0.40 81.47 123.69 95.35 0.00 23.95 15.62 14.21 0.56 0.89 0.39 - - 13.79 13.43 - -
MIN 0.30 6.88 190.00 0.09 -199.70 738.00 370.00 1.00 2.00 16.00 1.54 1.50 0.74 0.01 22.00 0.10 0.01 0.71 0.46 1.00
MAX 27.30 7.70 250.00 1.10 -15.40 1076.00 590.00 1.00 56.00 44.00 33.70 2.70 2.70 0.76 22.00 0.10 31.00 31.02 0.46 1.00
n 2 2 2 2 2 2 1 2 2 1 2 2 2 2 2 2 2 2 NS 1 NS NS NS 1
MEAN 10.35 - 270.00 0.10 -286.65 793.00 630.00 13.00 89.50 320.00 14.43 14.40 14.09 0.31 0.02 0.01 0.03 0.33 2.00 -
STD. DEV. 8.13 - 70.71 0.00 21.43 131.52 - 9.90 85.56 - 17.83 17.82 18.25 0.43 0.01 0.00 0.01 0.42 - -
MIN 4.60 7.30 220.00 0.10 -301.80 700.00 630.00 6.00 29.00 320.00 1.82 1.80 1.19 0.01 0.01 0.01 0.02 0.04 2.00 1.00
MAX 16.10 7.40 320.00 0.10 -271.50 886.00 630.00 20.00 150.00 320.00 27.03 27.00 27.00 0.61 0.02 0.01 0.03 0.63 2.00 1.00
n 6 6 6 6 5 6 5 6 6 5 6 6 6 6 3 3 7 6 1 1 NS NS NS 3
MEAN 15.77 - 401.67 0.59 -217.98 1026.17 640.00 18.50 147.67 256.80 14.66 13.82 6.74 7.07 0.05 0.02 0.73 7.92 2.90 3.00 -
STD. DEV. 11.33 - 144.00 0.59 43.30 330.68 320.62 39.94 324.75 471.81 25.27 25.63 14.83 10.92 0.05 0.02 1.75 10.56 - - -
MIN 0.30 6.40 220.00 0.10 -267.30 794.00 380.00 1.00 2.00 22.00 1.94 1.90 0.20 0.88 0.01 0.01 0.02 0.95 2.90 3.00 1.00
MAX 27.80 7.96 660.00 1.54 -174.90 1686.00 1200.00 100.00 810.00 1100.00 66.08 66.00 37.00 29.00 0.11 0.04 4.70 29.08 2.90 3.00 1000.00

Stage 1 Recirculating Biofilters Effluent

30" Clinoptilolite

80% Sulfur; 20% 
Oyster Shell

Pump 15 Tank 
(DENIT-LS4 
Influent)

UNSAT-SA2 30" Sand

DFT

Denite Feed Tank (Tank 3)

Stage 2 Horizontal Biofilters Effluent

UNSAT-CL2

DENIT-SU2 (old)
80% Sulfur; 20% 
Sodium Sesqui.

5/17/2010

5/17/2010

10/25/2010

5/17/2010

UNSAT-CL4

DENIT-SU2 
(new)

UNSAT-PS1 
(new recirc)

30" Polystyrene

10% Limestone; 
30% Sulfur; 60% 
Expanded Clay

DENIT-SU1

15" Clinoptilolite

30" Expanded ClayUNSAT-EC4

50% 
Lignocellulosic; 
50% Expanded Clay

DENIT-GL1
12" Gravel; 60" 
Expanded Clay

DENIT-LS1 
(new)

50% New 
Lignocellulosic; 
50% Expanded Clay

DENIT-LS1 (old)

5/17/2010

5/17/2010

5/17/2010

5/17/2010

10/22/2010

10/22/2010

5/17/2010

1/28/2011

5/17/2010
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Table 5 (con’t) 
Summary of Water Quality Data 

 

            
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sample ID
Media 

Composition
Date of  
Start-up

Statistical 
Parameter

Temp 
(°C)

pH
Total 

Alkalinity 
(mg/L)

DO       
(mg/L)

ORP 
(mV)

Specific 
Conductance 

(µS)

TDS 
(mg/L)

TSS       
(mg/L)

CBOD5      

(mg/L)

COD 
(mg/L)

TN       

(mg/L N)1
TKN      

(mg/L N)

Organic N 

(mg/L N)2
NH3-N    

(mg/L N)
NO3-N    

(mg/L N)

NO2-N    

(mg/L N)

NOx      
(mg/L N)

TIN         

(mg/L N)3
TP        

(mg/L)
Ortho P 
(mg/L P)

Sulfide   
(mg/L)

H2S       

(mg/L)

SO4          

(mg/L)

Fecal       
(Ct/100 

mL)

n 6 6 6 6 5 6 6 6 6 4 6 6 6 6 1 1 6 6 2 NS 5 5 6 3
MEAN 20.77 - 306.67 0.79 -73.86 1391.83 783.33 23.83 16.37 82.25 37.19 37.07 2.74 34.32 0.08 0.29 0.12 34.45 1.45 2.14 1.17 304.83 -
STD. DEV. 10.85 - 111.30 0.89 180.35 513.74 420.13 43.82 24.19 26.71 31.01 30.94 2.73 28.41 - - 0.13 28.48 0.35 2.18 1.12 405.77 -
MIN 1.20 6.39 130.00 0.10 -246.20 1120.00 480.00 2.00 2.00 57.00 0.43 0.41 0.00 0.05 0.08 0.29 0.02 0.07 1.20 0.10 0.01 7.00 1.00
MAX 29.70 7.07 430.00 1.95 221.60 2438.00 1600.00 113.00 65.00 120.00 75.04 75.00 6.00 69.00 0.08 0.29 0.37 69.04 1.70 4.70 2.80 1100.00 10.00
n 2 2 2 NS NS 2 1 2 2 1 2 2 2 2 2 2 2 2 NS 1 NS NS 2 1
MEAN 17.40 - 320.00 904.50 660.00 5.00 62.00 240.00 6.78 6.10 1.57 4.54 0.27 0.42 0.68 5.22 5.20 110.00 -
STD. DEV. 9.48 - 113.14 133.64 - 4.24 82.02 - 3.08 3.96 1.93 5.89 0.00 0.00 0.88 5.01 - 127.28 -
MIN 10.70 7.30 240.00 810.00 660.00 2.00 4.00 240.00 4.60 3.30 0.20 0.37 0.05 0.01 0.06 1.67 5.20 20.00 1.00
MAX 24.10 7.30 400.00 999.00 660.00 8.00 120.00 240.00 8.96 8.90 2.93 8.70 0.48 0.82 1.30 8.76 5.20 200.00 1.00
n 6 6 6 6 5 6 6 6 6 4 6 6 6 6 1 1 6 6 2 NS 5 5 6 3
MEAN 21.35 - 176.67 1.03 -192.82 1474.83 1178.33 48.33 5.52 25.25 1.10 1.04 0.61 0.44 0.01 0.21 0.06 0.50 4.25 0.58 0.13 608.33 -
STD. DEV. 9.09 - 40.33 1.43 41.23 1097.70 897.81 45.11 4.47 16.76 0.37 0.35 0.32 0.28 - - 0.08 0.32 3.89 0.46 0.26 588.20 -
MIN 6.20 6.14 100.00 0.09 -234.50 365.00 700.00 1.00 2.00 13.00 0.63 0.62 0.40 0.11 0.01 0.21 0.01 0.12 1.50 0.10 0.01 250.00 1.00
MAX 30.00 6.80 210.00 3.90 -130.00 3506.00 3000.00 108.00 13.00 50.00 1.52 1.50 1.24 0.80 0.01 0.21 0.22 0.85 7.00 1.00 0.60 1800.00 1.00
n 1 1 1 1 1 1 1 1 1 1 1 1 1 1 NS NS 1 1 NS 1 NS NS 1 NS
MEAN 25.80 - 69.00 0.50 -57.90 970.00 510.00 2.00 13.00 63.00 46.90 3.90 3.33 0.57 43.00 43.57 5.20 58.00
STD. DEV. - - - - - - - - - - - - - - - - - -
MIN 25.80 6.60 69.00 0.50 -57.90 970.00 510.00 2.00 13.00 63.00 46.90 3.90 3.33 0.57 43.00 43.57 5.20 58.00
MAX 25.80 6.60 69.00 0.50 -57.90 970.00 510.00 2.00 13.00 63.00 46.90 3.90 3.33 0.57 43.00 43.57 5.20 58.00
n 2 2 2 NS NS 2 1 2 2 1 2 2 2 2 2 2 2 2 NS 1 NS NS 2 1
MEAN 18.10 - 255.00 913.50 670.00 8.50 11.00 82.00 27.33 23.15 7.97 15.19 0.38 3.81 4.18 19.37 0.68 132.00 -
STD. DEV. 0.00 - 91.92 89.80 - 2.12 11.31 - 20.80 26.66 5.71 20.95 0.49 5.37 5.85 15.10 - 110.31 -
MIN 11.80 7.30 190.00 850.00 670.00 7.00 3.00 82.00 12.62 4.30 3.93 0.37 0.03 0.01 0.04 8.69 0.68 54.00 19.00
MAX 24.40 7.40 320.00 977.00 670.00 10.00 19.00 82.00 42.04 42.00 12.00 30.00 0.72 7.60 8.32 30.04 0.68 210.00 19.00
n 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 NS NS NS NS 1 NS
MEAN 4.00 - 210.00 12.00 39.20 980.00 600.00 3.00 2.00 26.00 7.70 1.80 1.76 0.04 3.70 2.20 5.90 5.94 130.00
STD. DEV. - - - - - - - - - - - - - - - - - - -
MIN 4.00 7.50 210.00 12.00 39.20 980.00 600.00 3.00 2.00 26.00 7.70 1.80 1.76 0.04 3.70 2.20 5.90 5.94 130.00
MAX 4.00 7.50 210.00 12.00 39.20 980.00 600.00 3.00 2.00 26.00 7.70 1.80 1.76 0.04 3.70 2.20 5.90 5.94 130.00
n 3 3 3 3 3 3 2 2 3 2 3 3 3 3 1 1 3 3 NS NS 1 1 3 NS
MEAN 13.00 - 283.33 0.46 155.33 1410.00 1575.00 7.00 3.00 38.50 37.00 4.90 1.10 3.80 24.00 8.30 32.10 35.90 1.00 0.01 183.33
STD. DEV. 5.14 - 15.28 0.05 17.54 88.10 1025.30 4.24 1.00 10.61 2.95 1.30 1.56 2.51 - - 4.00 3.57 - - 92.92
MIN 8.70 6.67 270.00 0.43 136.50 1331.00 850.00 4.00 2.00 31.00 34.40 4.10 0.20 1.20 24.00 8.30 28.00 33.50 1.00 0.01 120.00
MAX 18.70 6.97 300.00 0.52 171.20 1505.00 2300.00 10.00 4.00 46.00 40.20 6.40 2.90 6.20 24.00 8.30 36.00 40.00 1.00 0.01 290.00
n 2 2 2 NS NS 2 1 2 2 1 2 2 2 2 2 2 2 2 NS 1 NS NS 2 1
MEAN 12.20 - 455.00 1134.50 910.00 3.00 2.50 120.00 12.23 3.00 2.68 0.33 8.90 0.33 9.23 9.55 3.50 93.00 -
STD. DEV. 8.49 - 63.64 190.21 - 1.41 0.71 - 4.24 0.28 0.46 0.18 4.38 0.13 4.52 4.70 - 7.07 -
MIN 6.20 7.10 410.00 1000.00 910.00 2.00 2.00 120.00 9.23 2.80 2.35 0.20 5.80 0.23 6.03 6.23 3.50 88.00 1.00
MAX 18.20 7.60 500.00 1269.00 910.00 4.00 3.00 120.00 15.22 3.20 3.00 0.45 12.00 0.42 12.42 12.87 3.50 98.00 1.00
n 2 2 2 NS 2 2 1 2 2 1 2 2 2 2 2 2 2 2 NS 1 NS NS 2 1
MEAN 12.70 - 385.00 8.95 1438.00 990.00 4.50 4.50 96.00 3.08 3.05 1.40 1.65 0.02 0.01 0.03 1.68 2.30 250.00 -
STD. DEV. 0.99 - 7.07 125.23 60.81 - 4.95 2.12 - 0.78 0.78 0.85 0.07 0.01 0.00 0.01 0.06 - 70.71 -
MIN 12.00 7.38 380.00 -79.60 1395.00 990.00 1.00 3.00 96.00 2.52 2.50 0.80 1.60 0.01 0.01 0.02 1.63 2.30 200.00 9.00
MAX 13.40 7.74 390.00 97.50 1481.00 990.00 8.00 6.00 96.00 3.63 3.60 2.00 1.70 0.02 0.01 0.03 1.72 2.30 300.00 9.00

UNSAT-IS1 
(receives STE) 
(old)

15" Sand; 12" Mix 
(45% EC, 35% 
Ligno, 20% Sulfur)

In-situ Simulator Biofilters Effluent

5/17/2010

UNSAT-IS3-SP 
(receives STE) 
(old)

Sample Port above 
3" Sulfur layer

1/28/2011

5/17/2010

UNSAT-IS3 
(receives STE) 
(old)

12" Sand; 10" Mix 
(60% EC, 40% 
Ligno); 3" Sulfur)

UNSAT-IS1 
(receives STE) 
(new)

UNSAT-IS2 
(receives STE) 
(new)

4" EC>1.53mm; 8" 
EC ; 12" Mix (60% 
EC, 40% New 
Ligno); 4" Sulfur

UNSAT-IS3-SP 
(receives STE) 
(new)

Sample Port above 
4" Sulfur layer

UNSAT-IS3 
(receives STE) 
(new)

4" CL 8X14; 8" CL 
16X50; 12" Mix 
(60% EC, 40% New 
Ligno); 4" Sulfur

12" Sand; 12" Mix 
(45% EC, 35% 
Ligno, 20% Sulfur)

4" Coarse Sand; 8" 
Fine Sand; 12" Mix 
(60% EC, 40% New 
Ligno); 4" Sulfur

UNSAT-IS2-SP 
(receives STE) 
(new)

Sample Port above 
4" Sulfur layer

UNSAT-IS2 
(receives DFT 

NO3) (old)

1/28/2011

1/28/2011

10/18/2010

10/18/2010

1/28/2011

1/28/2011
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Table 5 (con’t) 
Summary of Water Quality Data 

 

            
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sample ID
Media 

Composition
Date of  
Start-up

Statistical 
Parameter

Temp 
(°C)

pH
Total 

Alkalinity 
(mg/L)

DO       
(mg/L)

ORP 
(mV)

Specific 
Conductance 

(µS)

TDS 
(mg/L)

TSS       
(mg/L)

CBOD5      

(mg/L)

COD 
(mg/L)

TN       

(mg/L N)1
TKN      

(mg/L N)

Organic N 

(mg/L N)2
NH3-N    

(mg/L N)
NO3-N    

(mg/L N)

NO2-N    

(mg/L N)

NOx      
(mg/L N)

TIN         

(mg/L N)3
TP        

(mg/L)
Ortho P 
(mg/L P)

Sulfide   
(mg/L)

H2S       

(mg/L)

SO4          

(mg/L)

Fecal       
(Ct/100 

mL)
n 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 NS NS NS NS 1 NS
MEAN 5.10 - 100.00 12.00 35.10 1050.00 710.00 1.00 2.00 22.00 52.40 3.50 3.40 0.10 46.00 2.90 48.90 49.00 92.00
STD. DEV. - - - - - - - - - - - - - - - - - - -
MIN 5.10 6.60 100.00 12.00 35.10 1050.00 710.00 1.00 2.00 22.00 52.40 3.50 3.40 0.10 46.00 2.90 48.90 49.00 92.00
MAX 5.10 6.60 100.00 12.00 35.10 1050.00 710.00 1.00 2.00 22.00 52.40 3.50 3.40 0.10 46.00 2.90 48.90 49.00 92.00
n 3 3 3 3 3 3 1 1 2 2 4 4 4 4 1 1 4 4 NS NS NS NS 4 NS
MEAN 12.77 - 246.67 3.59 160.90 707.34 620.00 7.00 2.00 32.00 16.17 1.49 1.42 0.07 0.11 0.01 14.68 14.75 307.50
STD. DEV. 5.05 - 41.63 4.65 16.15 616.33 - - 0.00 4.24 18.59 0.56 0.58 0.03 - - 18.11 18.08 185.90
MIN 8.40 7.05 200.00 0.84 150.40 0.01 620.00 7.00 2.00 29.00 0.99 0.87 0.78 0.04 0.11 0.01 0.12 0.21 110.00
MAX 18.30 7.48 280.00 8.96 179.50 1129.00 620.00 7.00 2.00 35.00 43.10 2.10 2.06 0.09 0.11 0.01 41.00 41.04 490.00
n 2 2 2 NS NS 2 1 2 2 1 2 2 2 2 2 2 2 2 NS 1 NS NS 2 1
MEAN 16.20 - 325.00 1113.50 800.00 12.00 6.00 80.00 16.31 3.05 2.79 0.27 13.00 0.26 13.26 13.52 0.46 110.00 -
STD. DEV. 1.84 - 148.49 37.48 - 11.31 5.66 - 9.61 0.64 0.59 0.05 9.90 0.35 10.25 10.20 - 14.14 -
MIN 14.90 7.00 220.00 1087.00 800.00 4.00 2.00 80.00 9.51 2.60 2.37 0.23 6.00 0.01 6.01 6.31 0.46 100.00 1.00
MAX 17.50 7.40 430.00 1140.00 800.00 20.00 10.00 80.00 23.10 3.50 3.20 0.30 20.00 0.50 20.50 20.73 0.46 120.00 1.00
n 2 2 2 NS 2 2 1 2 2 1 2 2 2 2 2 2 2 2 NS 1 NS NS 2 1
MEAN 13.25 - 495.00 47.60 1362.50 870.00 39.00 24.00 88.00 6.52 3.60 3.54 0.06 2.31 0.61 2.92 2.97 0.02 180.00 -
STD. DEV. 1.48 - 49.50 40.31 23.33 - 7.07 19.80 - 5.78 1.70 1.72 0.03 3.24 0.84 4.08 4.05 - 14.14 -
MIN 12.20 6.99 460.00 19.10 1346.00 870.00 34.00 10.00 88.00 2.43 2.40 2.32 0.04 0.02 0.01 0.03 0.11 0.02 170.00 1.00
MAX 14.30 7.13 530.00 76.10 1379.00 870.00 44.00 38.00 88.00 10.60 4.80 4.76 0.08 4.60 1.20 5.80 5.84 0.02 190.00 1.00

Purple-shaded data points indicate results based on colony counts outside the method indicated ideal range.
Blue-shaded data points indicate the number is greater than reported value.

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.
Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

1Total Nitrogen (TN) is a calculated value equal to the sum of TKN and NOX
2Organic Nitrogen (ON) is a calculated value equal to the difference of TKN and NH3

Notes:

EC: expanded clay, CL: clinoptilolite, PS: polystyrene, SU: elemental sulfur, LS: lignocellulosic, GL: glycerol, OS: oyster shell, NS: sodium sesquicarbonate, GR: gravel
DO - Dissolved oxygen

3Total Inorganic Nitrogen (TIN) is a calculated value equal to the sum of NH3 and NOX

Orange - shaded data points indicate too many colonies were present. 

UNSAT-IS4 
(receives 

UNSAT-CL3 NO3) 

(new)

4" Coarse Sand; 8" 
Fine Sand; 12" Mix 
(60% EC, 40% New 
Ligno); 4" Sulfur

Sample Port above 
3" Sulfur layer

UNSAT-IS4-SP 
(receives DFT 

NO3) (old)

12" Sand; 10" Mix 
(60% EC, 40% 
Ligno); 3" Sulfur)

UNSAT-IS4 
(receives DFT 

NO3) (old)

UNSAT-IS4-SP 
(receives 

UNSAT-CL3 NO3) 

(new)

Sample Port above 
4" Sulfur layer

1/28/2011

10/18/2010

10/18/2010

1/28/2011
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June 2011 

FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY PAGE 1-18 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 6 HAZEN AND SAWYER, P.C. 

4.3 Stage 2 Denitrification Biofilter Profiles  
Sample ports were installed along the depth of the Stage 2 denitrification biofilters to en-
able longitudinal profiling of nitrogen species and other water quality parameters.   The 
four Stage 2 biofilters that are supplied the common recirculation system Stage 1 efflu-
ents (DENIT-SU1, DENIT-SU2, DENIT-LS1 and DENIT-GL1) are configured as 6 inch 
diameter columns of 72 inch media depth.  Sample ports were installed at 12 inch in-
crements along the length of the biofilter, enabling six point longitudinal profiling.  Fig-
ures 2 through 5 depict the NOx-N and sulfate (if applicable) concentrations along the 
longitudinal profile of these four biofilters for the sample event on March 18, 2011.  As 
depicted, all the Stage 2 horizontal biofilters reduce the NOx-N concentration to non-
detect levels within the first 36 inches. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1Biofilter contains 80% sulfur / 20% oyster shell mixture. 

Figure 2: DENIT-SU1 Longitudinal Profile 
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1Biofilter contains 10% limestone / 30% sulfur / 60% expanded clay mixture. 
Figure 3: DENIT-SU2 Longitudinal Profile 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1Biofilter contains 50% new lignocellulosic / 50% expanded clay mixture.  
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PNRS II TEST FACILITY DATA SUJMMARY REPORT NO. 6 HAZEN AND SAWYER, P.C. 

Figure 4: DENIT-LS1 Longitudinal Profile 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1Biofilter contains 12” gravel, 60” expanded clay, glycerol is added to influent. 

Figure 5: DENIT-GL1 Longitudinal Profile 
 
The five Stage 2 biofilters that are directly connected to the single pass Stage 1 biofilters 
(DENIT-SU3, DENIT-SU4, DENIT-LS2, DENIT-LS3 and DENIT-LS4) are configured as 
22 inch diameter circular upflow filters of 24 inch media depth.  Sample ports were in-
stalled at 3, 7, 12, and 18 inch increments along the length of the biofilter, enabling five 
point longitudinal profiling.  Figures 6 through 10 depict the NOx-N and sulfate (if appli-
cable) concentrations along the longitudinal profile of these five biofilters for the sample 
event on March 18, 2011. As depicted in Figures 6 and 7, both the Stage 2 upflow biofil-
ters which contain sulfur media reduce the NOx-N concentration to non-detect levels 
within the first 7 inches.  Two of the three lignocellulosic upflow biofilters reduce the 
NOx-N concentration to non-detect levels within the first 12 inches (Figures 9 and 10). 
DENIT-LS2 does not reduce the NOx-N concentration to non-detect levels throughout 
the entire depth of the biofilter (Figure 8). 
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1Biofilter contains 80% sulfur / 20% oyster shell mixture. 

Figure 6: DENIT-SU3 Longitudinal Profile 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

1Biofilter contains 10% limestone / 30% sulfur / 60% expanded clay mixture. 

Figure 7: DENIT-SU4 Longitudinal Profile 
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1Biofilter contains 25% new lignocellulosic / 75% expanded clay mixture. 

Figure 8: DENIT-LS2 Longitudinal Profile 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1Biofilter contains 50% new lignocellulosic / 50% sand mixture. 
Figure 9: DENIT-LS3 Longitudinal Profile 
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1Biofilter contains 30% new lignocellulosic / 70% expanded clay mixture. 

Figure 10: DENIT-LS4 Longitudinal Profile 

4.4 Flow Monitoring  
Influent and effluent flows were measured, recorded, and adjusted as necessary to 
maintain flow rates consistent with the experimental design following the sampling event. 
Flow measurements and adjustments are made following collection of liquid samples 
and field parameter analyses.   
 
A flow test was conducted May 19, 2011. These flow measurements are considered to 
represent those in effect leading up to and during Sample Event 6.  The measured vo-
lumes and relative errors between measured and target flow rates are presented in Ap-
pendix C, Table 1.  For the Group I systems, the measured STE inputs to the five Stage 
1 biofilters were within 6% of the target volume. Measured effluent volumes for Stage 1 
single pass biofilters (Stage 2 influent) for the five biofilters were within 9% of the target 
volume (Table C.1).   
 
For the Group II systems, all measured STE volumes to the Stage 1 recirculation tanks 
were within 11% of target volumes. The four recycle flow volumes as recorded by the 
PLC were within 3% of target volumes based on the experimental design recycle ratio of 
3.0.  The calculated recycle ratios (i.e. recycle flow volume divided by the STE flow vo-
lume) for the four recirculation systems were within 10% of the target recycle ratio of 3.0.   
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For Group III systems, the measured influent volumes to the Stage 2 horizontal denitrifi-
cation biofilters were all within 3% of target.   
 
For Group IV biofilters, the measured influent volumes were all within 10% of the target.  
UNSAT-IS1 measured influent volume was within 4% of the target volume. The UNSAT-
IS2 measured influent volume was within 1% of the target volume. The UNSAT-IS3 and 
UNSAT-IS4 measured influent volumes were within 9% of target volumes. 
 
After evaluating the influent flow test results, no maintenance items were required.     

5.0 PNRS II Sample Event No. 6: Summary and Recommendations 

5.1 Summary  
The results of the sixth sampling event serve to confirm that the experimental systems 
are functioning as intended and provide the basis upon which to make system adjust-
ments and modifications.  The Sample Event No. 6 results indicate that: 

• Delivered flowrates to all biofilters continued to be within 15% of target; 

• Septic tank effluent (STE) quality supplied to PNRS II systems has been reason-
ably characteristic of typical household STE quality due to system modifications, 
but concentrations of CBOD5 and nitrogen decreased in this sample event; 

• All nine Stage 1 unsaturated biofilters produced effluent NH3-N of 0.06 mg/L or 
less; 

• Seven out of nine Stage 2 saturated biofilters produced effluent NOx-N of 0.12 
mg/L or less;  

These results provide continuing support of the nitrogen reduction potential of the PNRS 
II biofiltration systems.  Where expected or desired PNRS II outcomes are not being 
achieved, they appear to be due to tractable issues can be addressed, as discussed in 
the following sections. 
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5.2 Recommendations  
Careful observation of PNRS II systems and the results of Sample Events No. 1 through 
6 were used to formulate recommendations for adjustments and modifications to the test 
systems and the GCREC pilot facility.  The issues to be addressed, recommended mod-
ifications and their rationale, and expected outcomes are presented below.  Recommen-
dations are made for each of the PNRS II performance issues that have been identified.  
It is believed that each issue can be resolved by implementing the recommendations.  
All recommendations are based on the overriding PNRS II goal of providing functional 
specifications for modular biofiltration components for passive onsite nitrogen reducing 
treatment systems.  The project team will continuously evaluate all PNRS II results in-
cluding those that particularly result from implementation of the recommendations and 
make further adaptations as needed. 

5.2.1 Quality of STE  
The GCREC septic tank effluent CBOD5 and nitrogen in Sample Event 6 were lower 
than in previous sample events.  Possible reasons are dilution of STE parameters levels 
in the GCREC collection systems, however, TSS concentrations were much higher than 
previous sample events.  Continued monitoring of the quality of STE supplied to the 
PNRS II systems and an investigation into STE generation at GCREC including possible 
factors that could contribute to low or high parameter values is recommended.   

5.2.2 DENIT-LS2 and DENIT-LS3 
The DENIT-LS2 and DENIT-LS3 upflow denitrification biofilters with new lignocellulosic 
media showed limited NOx reduction in Sample Event 6.  Possible reasons include not 
enough media, toxicity (release of toxic material from lignocellulosic material itself) or 
short circuiting. Continued monitoring is recommended. 

5.2.3 Modify Operation 
A track record of acceptable performance has been established for many PNRS II sys-
tems and increased flowrates are recommended.  These are: 

 
Stage 1 Biofilters 

• Expanded clay and clinoptilolite media 
o increase loading rates: 

-Single pass: 3 gal/ft2-day to 5 gal/ft2-day STE 
-Recycle:  3 gal/ft2-day to 6 gal/ft2-day STE  
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Stage 2 Biofilters 
• Sulfur 

o increase loading rates: 
-Single pass coupled: single pass Stage 1 effluent 

5.6 to 9.3 gal/ft2-day; 25.7 to 15.4 hour mean pore water residence 
time (MPWRT) 

-Horizontal: Stage 1 w/recycle combined effluent 
10 to 20 gal/ft2-day; 43 to 21.5 hour MPWRT 
 

• Glycerol 
o increase loading rate:   

-10 to 20 gal/ft2-day; 43 to 21.5 hour MPWRT 
 
These flowrates will be implemented following this sample event. 
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Appendix A: Operation & Maintenance Log 

Table A.1 
Operation and Maintenance Log 

Date Description 
5/17/2010 Start-up 
5/20/2010 Pump 1 not in Auto, LL float alarm, refilled Tank 1 to HIGH float 
5/24/2010 Glycerol batch #1 prepared (125 mL glycerol; 1875 mL DI water), feed rate ~ 8 mL/dose 
5/26/2010 LL float alarm, refilled Tank 1 to HIGH float 

6/1/2010 Replaced glycerol tubing 
6/4/2010 LL float alarm, refilled Tank 1 to HIGH float, determined that LOW float is faulty 

Revised floats so that old Low Float is now High float  
Revised program installed so that only LOW Float turns on/off Pump 1 

6/8/2010 Glycerol batch #2 prepared (125 mL glycerol; 1875 mL DI water), feed rate ~ 8 mL/dose 
6/18/2010 Pump 1 screen cleaned with hose 
6/21/2010 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 

Pump 8 was on "OFF", turned back to "AUTO" 
6/22/2010 Pump 5 had turned off, turned back on at 9:32 am 
6/28/2010 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 

Replaced glycerol tubing, kink in top, added elbow 
Russ replaced existing GCREC mound Pump 2 ~ 11:00 am 
All Systems Flow Check 

7/1/2010 Sample Event #1 
7/2/2010 Pump 1 screen cleaned with hose 
7/8/2010 Glycerol tubing had released to bottom of container, replaced with polyethylene tubing 

Tank 1 LOW Float alarm, revised magnet distance to shorten Pump 1 runtime 
Pump 1 screen cleaned with hose 

7/12/2010 Pump 5 Error Code 18, cleared alarm and restarted pump 
7/14/2010 UPS beeping, problem with receptacle, temporary fix with extension cord 
7/15/2010 Electrician fixed receptacle 
7/16/2010 Per Dr. Stanley all condensate flow diverted from septic system 

Russ fixed existing GCREC Mound Pump 2 which had not been running 
Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 
Glycerol batch #3 prepared (125 mL glycerol; 1875 mL DI water), feed rate ~ 8 mL/dose 
Capillary mat added to PS-1  
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7/19/2010 IS 1 changed discharge (rotated 180°) now 15 inches of saturation from bottom of tank  
7/20/2010 IS 2 changed discharge (rotated 180°) now 15 inches of saturation from bottom of tank  
7/26/2010 Removed PS1 capillary mat from inside mesh bag, replaced with new mat on top of bag 

Glycerol batch #4 (70 mL glycerol; 1930 mL DI water), feed rate ~ 10 mL/dose 
8/3/2010 Glycerol batch #5 (70 mL glycerol; 1930 mL DI water), feed rate ~ 10 mL/dose 
8/4/2010 Cleaned crosses in Stage 1 Recirculating Biofilters 

Added tees to outlet of RC1 and RC4 tanks to alleviate blockage build-up 
Replaced Hydrosplitter 1 & 2 tubing 
Replaced Stage 2 horizontal tubing from Pump 11 
Cleaned Stage 2 horizontal sample ports 
Lowered Pump 1 Low Float 2 wraps to decrease volume in tank( decrease residence 
time) 

8/10/2010 Glycerol batch #6 (70 mL glycerol; 1930 mL DI water), feed rate ~ 10 mL/dose 
Raised Pump 1 Low Float 1 wrap because float down was below the hole  

8/12/2010 Revised tubing connection at top of In-Situ simulator tanks to elbow  
8/17/2010 Glycerol batch #7 (70 mL glycerol; 1930 mL DI water), feed rate ~ 10 mL/dose 

Added tees to outlet in RC2 and RC3 tanks as well 
Revised RC tanks discharge piping to flexible hose   

8/19/2010 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 
8/23/2010 Possible leak detected at Recirc Tank #2 for P7 
8/27/2010 Glycerol batch #8 (70 mL glycerol; 1930 mL DI water), feed rate ~ 10 mL/dose 
8/31/2010 Sample Event #2 

9/1/2010 Replaced elbow for Recirc Tank #2 (STE tubing) to fix leak 
All Systems Flow Check 

9/7/2010 Glycerol batch #9 (70 mL glycerol; 1930 DI water), feed rate ~ 10 mL/dose 
Removed PS1 capillary mat 

9/9/2010 Replaced Pump 5 pump tubing 
9/10/2010 Cut the LS4 inlet pipe and used a drain snake to unclog both elbows 
9/13/2010 Glycerol batch #10 (70 mL glycerol; 1980 DI water), feed rate ~ 10 mL/dose 
9/17/2010 Modified Pump 7 runtime to 15 seconds per dose 
9/21/2010 Reconnected the glycerol tubing between bottle and pump head which had separated 

Added sample ports to recirculation pump tank discharge lines for flow measurement  
9/28/2010 Glycerol batch #11 (70 mL glycerol; 1930 DI water), feed rate ~ 10 mL/dose 

New clear glycerol bottle with graduated sides, replaced tubing 
10/5/2010 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 
10/6/2010 Glycerol batch #12 (30 mL glycerol; 1970 DI water), feed rate ~ 10 mL/dose 
10/7/2010 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 
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10/8/2010 Modified Pump 1 discharge pipe to extend through Tank 1 hole in baffle wall 
10/11/2010 DENIT-GL-1 nitrified STE influent tubing had disconnected, reattached 

Calibrated IS1 and IS2 tubing 
Calibrated Stage 2 horizontal tubing 

10/14/2010 Glycerol batch #13 (30 mL glycerol; 1970 DI water), feed rate ~ 10 mL/dose 
Built new in-situ columns IS3 and IS4 

10/15/2010 Unclogged PS1 discharge pipe 
Cleaned Pump 1 intake screen 
Lowered Pump 1 Low Float 1 wrap to decrease volume in tank 

10/18/2010 Completed IS3 and IS4 piping, started dosing  @ 9:30 am 
Added 3” coarse sand to UNSAT-IS1 for complete nitrification 

10/19/2010 Started dye test DENIT-LS2 and DENIT-LS3 
Lowered Pump 1 Low Float 1 wrap to decrease volume in tank( to decrease residence 
time) 

10/20/2010 Calibrated IS3 and IS4 tubing  
Glycerol batch #14 (15 mL glycerol; 985 DI water), feed rate ~ 10 mL/dose 

10/22/2010 Moved Pump 1 to effluent baffle tee of existing GCREC Tank 1 
Converted UNSAT-PS1 to recirculating biofilter 

10/25/2010 Glycerol batch #15 (15 mL glycerol; 985 DI water), feed rate ~ 10 mL/dose 
DENIT-SU4 media ~5.5" below initial level 
Removed DENIT-SU4, DENIT-SU2 and DENIT-LS2 media 
Cleaned tanks 
Replaced DENIT-SU2 media (30% sulfur, 10% limestone, 60% expanded clay mixture) 
Replaced DENIT-SU4 media (30% sulfur, 10% limestone, 60% expanded clay mixture) 
Replaced DENIT-LS2 media (25% lignocellulosic, 75% expanded clay mixture) 

10/27/2010 Glycerol batch #16 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
11/1/2010 Glycerol batch #17 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
11/5/2010 Glycerol batch #18 (27 mL glycerol; 986.5 DI water), feed rate ~ 10 mL/dose 

11/10/2010 Sample Event #3 
11/11/2010 Glycerol batch #19 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
11/18/2010 Glued UNSAT-IS3 and UNSAT-IS4 discharge piping to stop potential leaks 

Glycerol batch #20 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
Calibrated UNSAT-IS3 and IS4 tubing 

11/19/2010 All Systems Flow Check 
11/24/2010 Glycerol batch #21 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
11/29/2010 Glycerol batch #22 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 

Threaded and glued UNSAT-IS3 and UNSAT-IS4 petcock valves 
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12/1/2010 Tank 1 low-low float alarm activated, high float had activated in Tank 1 preventing   
Pump 1 to run. Cleared both alarms 

12/3/2010 Cleared plug in DENIT-LS4 influent piping 
Replaced Hydrosplitter 1 & 2 tubing 
Replaced Pump 11 pump and system tubing 
Replaced Pump 5 pump and system tubing 
Glycerol batch #23 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 

12/7/2010 Hydrosplitter 1 Flow Check 
Calibrated UNSAT-IS3 and IS4 tubing 

12/10/2010 Glycerol batch #24 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
12/13/2010 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 
12/14/2010 Increased Pump 15 runtime to 6:1 recycle rate 
12/17/2010 Glycerol batch #25 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
12/22/2010 UNSAT-IS3 and IS4 effluent samples sent to Southern 
12/23/2010 DENIT-LS4, LS2, SU3, LS3, and SU4 effluent sample to Southern 

Glycerol batch #26 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
12/27/2010 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 
12/30/2010 Hydrosplitter 1 Flow Check 

Glycerol batch #27 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
All Systems Flow Check 

1/6/2011 Glycerol batch #28 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
1/11/2011 UNSAT-IS3 and IS4 effluent Sample Event #4 samples sent to Southern 

Ponding at surface of UNSAT-IS1 and IS2 
Cleared line blockage at outlet from UNSAT-IS1 and IS2 

1/13/2011 Sample Event #4 
Glycerol batch #29 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 

1/14/2011 Stage 2 Profile Samples sent to Southern 
1/17/2011 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 

All Systems Flow Check 
Cleaned all recirculation system Stage 1 distribution pipes with tap water 
Pump 7 was air locked - restarted 

1/18/2011 Hydrosplitter 1 Flow Check - calibration 
1/21/2011 Glycerol batch #30 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
1/25/2011 Disassembled and cleaned UNSAT-IS1, IS2, IS3, IS4; DENIT-LS1, LS2, LS3, LS4 
1/26/2011 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 

Installed new media UNSAT-IS1, IS2 
Installed new media DENIT-LS1 
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1/28/2011 Installed new media UNSAT-IS3, IS4 
Installed new media DENIT-LS2,LS3, LS4 
Replaced Pump 5 pump & system tubing  
Replaced Pump 10 pump & system tubing  

1/31/2011 Recalibrated Pump 5 & 10 
Glycerol batch #31 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 

2/2/2011 UNSAT-IS Flow Check 
2/8/2011 Glycerol batch #32 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 

2/16/2011 All Systems Flow Check 
Glycerol batch #33 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
Cleaned all recirculation system Stage 1 distribution pipes with tap water 

2/22/2011 Glycerol batch #34 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
3/2/2011 Glycerol batch #35 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
3/4/2011 Cleaned Pump 1 intake screen 

Glycerol batch #36 (13.5 mL glycerol; 1000 DI water), feed rate ~ 10 mL/dose 
3/14/2011 Glycerol batch #37 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 

Pump 9 airlocked 
Started IS3 and IS4 sample collection 

3/15/2011 Collected IS3 and IS4 sample 
3/17/2011 Sample Event #5 
3/18/2011 Stage 2 Profile Samples sent to Southern 
3/21/2011 Glycerol batch #38 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
3/23/2011 All Systems Flow Check 

Pump 9 airlocked 
3/28/2011 Glycerol batch #39 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 

4/2/2011 PLC Panel power failure - completely turned off 
Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 

4/6/2011 Glycerol batch #40 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
4/8/2011 Calibrated Hydrosplitters 1 and 2 

Replaced Hydrosplitter 1 & 2 tubing 
Adjusted Pump 4 and 14 runtimes 

4/14/2011 Glycerol batch #41 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
Revised UNSAT-PS1 Stage 1 media from polystyrene to clinoptilolite 

4/21/2011 Glycerol batch #42 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
4/28/2011 Glycerol batch #43 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 

5/5/2011 Glycerol batch #44 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
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5/11/2011 Flow check 

Glycerol batch #45 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
5/18/2011 Glycerol batch #46 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
5/19/2011 Sample Event #6 

All Systems Flow Test 
5/26/2011 Glycerol batch #47 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
5/31/2011 Increased Pump 14 runtime to 6 gpd/SF loading rate for recirc systems 

Increased Pump 6-9 runtime to 5:1 recycle ratio 
Cleaned all recirculation system Stage 1 distribution pipes with tap water 
Releveled top layer of media within recirculation sytem Stage 1 biofilters 

6/3/2011 Glycerol batch #48 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
6/6/2011 Cleaned flowmeters on discharge line of Pump 4 and 14 
6/9/2011 Glycerol batch #49 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure A.1 
Capillary Mat Installed above Polystyrene Media 7/16/10 
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Figure A.2  
Revised In-situ Simulators Discharge Piping 7/20/10 

 

Figure A.3 
RC1 Outlet Tee 8/4/10 
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Figure A.4 
UNSAT-CL4 before Cleaning 8/4/10 

 
 
 
 
 
 
 
 
 
 
 
 

Figure A.5 
UNSAT-CL4 after Cleaning 8/4/10 
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Figure A.6 
Unclogging UNSAT-LS4 Influent Pipe 9/10/10 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure A.7 
2” Pipe Extension into PNRS II Tank 1 Pump Chamber 10/8/10 

2” Pipe Extension 
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Figure A.8 

UNSAT-IS3 and UNSAT-IS4 Columns 10/14/10 
 
 

 
 
 
 

UNSAT-IS3 UNSAT-IS4 
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Appendix B: PLC Data Tables 

Table B.1 
Summary of PLC Recorded Daily Flows 

(3/17/11 – 5/18/11) 

Date 
Range 

 Average  
Recorded 

Flow 
(gpd) 

Std. 
Dev. 

MIN 
(gpd)

MAX 
(gpd)

Target 
Flow  
(gpd) 

Relative 
Error1 (%) 

3/17/11-
5/18/11 

Pump 4 to Hydro 1 72 5.65 48 87 73.7 -2.9% 

Pump 14 to Hydro 2 58 3.21 44 73 58.9 -1.8% 

Pump 6 to Recirc. 
System 1 43 2.26 35 58 44.2 -1.6% 

Pump 7 to Recirc. 
System 2 45 2.51 35 61 44.2 1.4% 

Pump 8 to Recirc. 
System 3 43 2.24 35 58 44.2 -1.9% 

Pump 9 to Recirc. 
System 4 39 12.7 0 59 44.2 -10.9% 

1Relative Error = (Recorded Flow – Target Flow)/ Target Flow *100 
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Table B.2 
Summary of PLC Recorded Daily Runtimes 

(3/17/11 – 5/18/11) 

Date 
Range 

 Average 
Recorded 

Daily 
Runtime 
(min/day) 

Std. 
Dev. 

MIN 
(min) 

MAX 
(min) 

Target  
Daily  

Runtime 
(min) 

Relative 
Error1 (%) 

3/17/11-
5/18/11 

Pump 4 to Hydro 1 17.9 1.1 16.0 25.0 17.2 3.8% 
Pump 14 to Hydro 2 11.7 0.7 10.0 14.0 11.6 0.8% 

Pump 6 to Recirc. 
System 1 6.4 0.6 6.0 9.0 6.0 6.8% 

Pump 7 to Recirc. 
System 2 6.4 0.6 5.0 9.0 6.0 6.8% 

Pump 8 to Recirc. 
System 3 6.4 0.6 6.0 9.0 6.0 6.8% 

Pump 9 to Recirc. 
System 4 6.4 0.6 6.0 9.0 6.0 7.1% 

1Relative Error = (Recorded Runtime – Target Runtime)/ Target Runtime *100 
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Appendix C: Flow Test Results 
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Table C.1 
Flow Test Results  

Target Input 
Volume

Dose/day
Target Input 

Volume
Measured Input 

Volume
Relative Error 

(%)
Target Recycle 

Ratio (RR)

Calculated 
Recycle Ratio 

(RR)

Relative Error 
(%)

(mL/day) (Dose/day) (mL/dose) (mL/dose)

  (Measured 
Input -Target 

Input) / Target 
Input * 100

Volume Recycle 
/ Volume STE

Volume Recycle 
/ Volume STE

Measured RR - 
Target RR / 

Measured RR * 
100

 Stage 1 Single Pass Biofilters        
(Hydrosplitter 1)

Date 5/19/11 3:00 PM

UNSAT-CL5 2,280 -1.7%

UNSAT-CL3 2,250 -3.0%

UNSAT-CL1 2,380 2.6%

UNSAT-EC3 2,190 -5.6%

UNSAT-EC1 2,220 -4.3%

Mean 2,264 -2.4%

Stage 2 Single Pass Upflow Biofilters

Date
5/19/2011         

2:00-3:00 pm

DENIT-LS4 2,330 0.5%

DENIT-LS2 2,310 -0.4%

DENIT-SU3 2,300 -0.8%

DENIT-LS3 2,260 -2.5%

DENIT-SU4 2,120 -8.6%

Mean 2,264 -2.4%

Stage 1 Recirculating Biofilters 
(Hydrosplitter 2)

Date
5/19/2011 STE 1:30 

pm

RC1 : UNSAT-SA2 2,180 -6.0%

RC2 : UNSAT-EC4 2,100 -9.4%

RC3 : UNSAT-CL2 2,245 -3.2%

RC4 : UNSAT-CL4 2,065 -11.0%

Mean 2,148 -7.4%

Stage 1 Recirculating Biofilters   
(Recycle)

Flowmeter  R 
5/18/2011  

RC1 : UNSAT-SA2 6,781 -2.5% 3.11 3.6%

RC2 : UNSAT-EC4 6,939 -0.3% 3.30 9.2%

RC3 : UNSAT-CL2 6,781 -2.5% 3.02 0.7%

RC4 : UNSAT-CL4 6,781 -2.5% 3.28 8.6%

Mean 6,821 -2.0% 3.18 5.5%

Stage 1 Recirculating Biofilters  
(Hydrosplitter + Recycle)

RC1 : UNSAT-SA2 8,961 -3.4%

RC2 : UNSAT-EC4 9,039 -2.6%

RC3 : UNSAT-CL2 9,026 -2.7%

RC4 : UNSAT-CL4 8,846 -4.6%

Mean 8,968 -3.3%

Horizontal Denitrification Biofilters

Date 5/19/11 2:20 PM

DENIT-SU1 310 0.4%

DENIT-SU2 305 -1.2%

DENIT-GL1 300 -2.8%

DENIT-LS1 302 -2.2%

Mean 304 -1.4%

 In-Situ Simulators

Date 5/19/11 2:10 PM

UNSAT-IS1 (STE) 20,160 24 840 810 -3.6%

UNSAT-IS2 (Nitrified STE) 20,640 24 860 865 0.6%

UNSAT-IS3 (STE) 34 -8.6%

UNSAT-IS4 (Nitrified STE) 36 -3.2%

  Notes:  Yellow-shaded cells are measured values; grey-shaded cells are calculated values

4

37893 24

24 2,319

3
7,409 24 308.7

166,968 24 6,957

222,624 24 9,276

Recycle Ratio

3:1

Group        
(Figure 1)

Biofilter/Flow

Target Input Measured Input

1

55,656 24 2,319

55,656 24 2,319

2

55,656
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Work Order: 1104232

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

June 3, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-01

05/19/11 12:15

Thomas Drunasky

05/19/11 14:05

PNRS II STE-TI  

Field Parameters

DEP FT1100 TDDpH SU 0.1 05/19/11 12:150.17.6

DEP FT1400 TDDWater Temperature °C 0.1 05/19/11 12:150.125.1

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 05/19/11 12:150.1960

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 05/19/11 12:150.12.0

Inorganics

SM 4550SF MMFHydrogen Sulfide (Unionized) mg/L 05/24/11 11:450.04 05/24/11 11:460.011.7

EPA 350.1 SMDAmmonia as N mg/L 0.010 05/24/11 16:470.00532

SM 5210B MEJCarbonaceous BOD mg/L 05/20/11 16:502 05/25/11 15:20247

EPA 300.0 MEJNitrate (as N) mg/L 0.04 05/20/11 03:440.010.03 I

EPA 300.0 MEJNitrite (as N) mg/L 0.04 05/20/11 03:440.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 05/20/11 03:440.2024

SM 4500SF MMFSulfide mg/L 0.40 05/24/11 11:430.109.1

SM 2320B MMFTotal Alkalinity mg/L 8.0 05/24/11 13:002.0380

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 05/25/11 09:380.20 05/25/11 10:470.0540

SM 2540D JAGTotal Suspended Solids mg/L 05/23/11 09:401 05/24/11 09:551467

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 05/19/11 15:351 05/20/11 15:1019,400

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-02

05/19/11 12:15

Thomas Drunasky

05/19/11 14:05

PNRS II STE-T1-D  

Field Parameters

DEP FT1100 TDDpH SU 0.1 05/19/11 12:150.17.6

DEP FT1400 TDDWater Temperature °C 0.1 05/19/11 12:150.125.1

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 05/19/11 12:150.1960

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 05/19/11 12:150.12.0

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 05/24/11 16:470.00533

SM 5210B MEJCarbonaceous BOD mg/L 05/20/11 16:502 05/25/11 15:20259

EPA 300.0 MEJNitrate (as N) mg/L 0.04 05/20/11 03:440.010.03 I

EPA 300.0 MEJNitrite (as N) mg/L 0.04 05/20/11 03:440.010.01 U

SM 2320B MMFTotal Alkalinity mg/L 8.0 05/24/11 13:002.0400

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 05/25/11 09:380.20 05/25/11 10:470.0541

SM 2540D JAGTotal Suspended Solids mg/L 05/23/11 09:401 05/24/11 09:551473

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1104232

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

June 3, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-02

05/19/11 12:15

Thomas Drunasky

05/19/11 14:05

PNRS II STE-T1-D  

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 05/19/11 15:351 05/20/11 15:1019,900

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-03

05/19/11 10:00

Thomas Drunasky

05/19/11 12:10

UNSAT-EC1  

Field Parameters

DEP FT1100 TDDpH SU 0.1 05/19/11 10:000.17.2

DEP FT1400 TDDWater Temperature °C 0.1 05/19/11 10:000.123.5

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 05/19/11 10:000.1900

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 05/19/11 10:000.16.3

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 05/24/11 16:470.0050.005 U

SM 5210B MEJCarbonaceous BOD mg/L 05/19/11 16:152 05/24/11 16:3022 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 05/20/11 03:440.0122

EPA 300.0 MEJNitrite (as N) mg/L 0.04 05/20/11 03:440.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 05/20/11 03:440.2061

SM 2320B MMFTotal Alkalinity mg/L 8.0 05/24/11 13:002.0170

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 05/25/11 09:380.20 05/25/11 10:470.052.0

SM 2540D JAGTotal Suspended Solids mg/L 05/23/11 09:401 05/24/11 09:5511 U

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 05/19/11 14:001 05/20/11 15:00120

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-04

05/19/11 10:00

Thomas Drunasky

05/19/11 12:10

UNSAT-EC3  

Field Parameters

DEP FT1100 TDDpH SU 0.1 05/19/11 10:000.17.1

DEP FT1400 TDDWater Temperature °C 0.1 05/19/11 10:000.123.5

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 05/19/11 10:000.1940

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 05/19/11 10:000.15.7

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1104232

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

June 3, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-04

05/19/11 10:00

Thomas Drunasky

05/19/11 12:10

UNSAT-EC3  

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 05/24/11 16:470.0050.005 U

SM 5210B MEJCarbonaceous BOD mg/L 05/19/11 16:152 05/24/11 16:3022 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 05/20/11 03:440.0122

EPA 300.0 MEJNitrite (as N) mg/L 0.04 05/20/11 03:440.010.01 U

SM 2320B MMFTotal Alkalinity mg/L 8.0 05/24/11 13:002.0190

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 05/25/11 09:380.20 05/25/11 10:470.052.0

SM 2540D JAGTotal Suspended Solids mg/L 05/23/11 09:401 05/24/11 09:5512

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 05/19/11 14:001 05/20/11 15:0011 U

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-05

05/19/11 10:00

Thomas Drunasky

05/19/11 12:10

UNSAT-CL1  

Field Parameters

DEP FT1100 TDDpH SU 0.1 05/19/11 10:000.17.4

DEP FT1400 TDDWater Temperature °C 0.1 05/19/11 10:000.123.5

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 05/19/11 10:000.1980

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 05/19/11 10:000.16.9

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 05/24/11 16:470.0050.005 I

SM 5210B MEJCarbonaceous BOD mg/L 05/19/11 16:152 05/24/11 16:3022 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 05/20/11 03:440.0123

EPA 300.0 MEJNitrite (as N) mg/L 0.04 05/20/11 03:440.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 05/20/11 03:440.2061

SM 2320B MMFTotal Alkalinity mg/L 8.0 05/24/11 13:002.0160

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 05/25/11 09:380.20 05/25/11 10:470.052.7

SM 2540D JAGTotal Suspended Solids mg/L 05/23/11 09:401 05/24/11 09:5511

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 05/19/11 14:001 05/20/11 15:00120

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1104232

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

June 3, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-06

05/19/11 10:00

Thomas Drunasky

05/19/11 12:10

UNSAT-CL3  

Field Parameters

DEP FT1100 TDDpH SU 0.1 05/19/11 10:000.17.5

DEP FT1400 TDDWater Temperature °C 0.1 05/19/11 10:000.122.9

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 05/19/11 10:000.11,120

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 05/19/11 10:000.17.6

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 05/24/11 16:470.0050.005 U

SM 5210B MEJCarbonaceous BOD mg/L 05/19/11 16:152 05/24/11 16:3022 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 05/20/11 03:440.0123

EPA 300.0 MEJNitrite (as N) mg/L 0.04 05/20/11 03:440.010.01 U

SM 2320B MMFTotal Alkalinity mg/L 8.0 05/24/11 13:002.0260

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 05/25/11 09:380.20 05/25/11 10:470.053.7

SM 2540D JAGTotal Suspended Solids mg/L 05/23/11 09:401 05/24/11 09:5511

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 05/19/11 14:001 05/20/11 15:0011 U

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-07

05/19/11 10:00

Thomas Drunasky

05/19/11 12:10

UNSAT-CL5  

Field Parameters

DEP FT1100 TDDpH SU 0.1 05/19/11 10:000.17.9

DEP FT1400 TDDWater Temperature °C 0.1 05/19/11 10:000.123.5

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 05/19/11 10:000.11,130

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 05/19/11 10:000.16.9

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 05/24/11 16:470.0050.005 U

SM 5210B MEJCarbonaceous BOD mg/L 05/19/11 16:152 05/24/11 16:3022 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 05/20/11 03:440.0122

EPA 300.0 MEJNitrite (as N) mg/L 0.04 05/20/11 03:440.010.01 U

SM 2320B MMFTotal Alkalinity mg/L 8.0 05/24/11 13:002.0280

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 05/25/11 09:380.20 05/25/11 10:470.052.5

SM 2540D JAGTotal Suspended Solids mg/L 05/23/11 09:401 05/24/11 09:5511

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 05/19/11 14:001 05/20/11 15:00124

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1104232

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

June 3, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-08

05/19/11 09:00

Thomas Drunasky

05/19/11 12:10

DENIT-SU4  

Field Parameters

DEP FT1100 TDDpH SU 0.1 05/19/11 09:000.17.4

DEP FT1400 TDDWater Temperature °C 0.1 05/19/11 09:000.121.1

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 05/19/11 09:000.11,220

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 05/19/11 09:000.10.1 U

Inorganics

SM 4550SF MMFHydrogen Sulfide (Unionized) mg/L 05/24/11 11:450.04 05/24/11 11:460.010.05

EPA 350.1 SMDAmmonia as N mg/L 0.010 05/24/11 16:470.0050.77

SM 5210B MEJCarbonaceous BOD mg/L 05/19/11 16:152 05/24/11 16:3022 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 05/20/11 03:440.010.11

EPA 300.0 MEJNitrite (as N) mg/L 0.04 05/20/11 03:440.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 05/25/11 00:280.20420

SM 4500SF MMFSulfide mg/L 0.40 05/24/11 11:430.100.21 I

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 05/25/11 09:380.20 05/25/11 10:470.051.6

SM 2540D JAGTotal Suspended Solids mg/L 05/23/11 09:401 05/24/11 09:5512

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 05/19/11 14:001 05/20/11 15:0011 U

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-09

05/19/11 09:00

Thomas Drunasky

05/19/11 12:10

DENIT-LS3  

Field Parameters

DEP FT1100 TDDpH SU 0.1 05/19/11 09:000.17.7

DEP FT1400 TDDWater Temperature °C 0.1 05/19/11 09:000.121.1

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 05/19/11 09:000.1940

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 05/19/11 09:000.14.2

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 05/24/11 16:470.0051.4

SM 5210B MEJCarbonaceous BOD mg/L 05/19/11 16:152 05/24/11 16:3022 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 05/20/11 03:440.0116

EPA 300.0 MEJNitrite (as N) mg/L 0.04 05/20/11 03:440.010.76

SM 2320B MMFTotal Alkalinity mg/L 8.0 05/24/11 13:002.0300

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 05/25/11 09:380.20 05/25/11 10:470.053.0

SM 2540D JAGTotal Suspended Solids mg/L 05/23/11 09:401 05/24/11 09:5511 U

Microbiology

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1104232

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

June 3, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-09

05/19/11 09:00

Thomas Drunasky

05/19/11 12:10

DENIT-LS3  

SM 9222D MEJFecal Coliforms CFU/100 ml 05/19/11 14:001 05/20/11 15:0011 U

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-10

05/19/11 09:00

Thomas Drunasky

05/19/11 12:10

LS3-D  

Field Parameters

DEP FT1100 TDDpH SU 0.1 05/19/11 09:000.17.7

DEP FT1400 TDDWater Temperature °C 0.1 05/19/11 09:000.121.1

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 05/19/11 09:000.1940

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 05/19/11 09:000.14.2

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 05/24/11 16:470.0052.9

SM 5210B MEJCarbonaceous BOD mg/L 05/19/11 16:152 05/24/11 16:3022 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 05/20/11 03:440.0116

EPA 300.0 MEJNitrite (as N) mg/L 0.04 05/20/11 03:440.010.74

SM 2320B MMFTotal Alkalinity mg/L 8.0 05/24/11 13:002.0300

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 05/25/11 09:380.20 05/25/11 10:470.053.3

SM 2540D JAGTotal Suspended Solids mg/L 05/23/11 09:401 05/24/11 09:5514

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 05/19/11 14:001 05/20/11 15:0011 U

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-11

05/19/11 09:00

Thomas Drunasky

05/19/11 12:10

DENIT-SU3  

Field Parameters

DEP FT1100 TDDpH SU 0.1 05/19/11 09:000.17.4

DEP FT1400 TDDWater Temperature °C 0.1 05/19/11 09:000.120.8

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 05/19/11 09:000.11,380

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 05/19/11 09:000.10.1 U

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 05/24/11 16:470.0052.7

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1104232

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

June 3, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-11

05/19/11 09:00

Thomas Drunasky

05/19/11 12:10

DENIT-SU3  

SM 5210B MEJCarbonaceous BOD mg/L 05/19/11 16:152 05/24/11 16:3027

EPA 300.0 MEJNitrate (as N) mg/L 0.04 05/20/11 03:440.010.10

EPA 300.0 MEJNitrite (as N) mg/L 0.04 05/20/11 03:440.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 05/25/11 00:280.20520

SM 2320B MMFTotal Alkalinity mg/L 8.0 05/24/11 13:002.0200

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 05/25/11 09:380.20 05/25/11 10:470.052.9

SM 2540D JAGTotal Suspended Solids mg/L 05/23/11 09:401 05/24/11 09:5511

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 05/19/11 14:001 05/20/11 15:0011

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-12

05/19/11 09:00

Thomas Drunasky

05/19/11 12:10

SU3-D  

Field Parameters

DEP FT1100 TDDpH SU 0.1 05/19/11 09:000.17.4

DEP FT1400 TDDWater Temperature °C 0.1 05/19/11 09:000.120.8

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 05/19/11 09:000.11,380

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 05/19/11 09:000.10.1 U

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 05/24/11 16:470.0051.4

SM 5210B MEJCarbonaceous BOD mg/L 05/19/11 16:152 05/24/11 16:3023

EPA 300.0 MEJNitrate (as N) mg/L 0.04 05/20/11 03:440.010.02 I

EPA 300.0 MEJNitrite (as N) mg/L 0.04 05/20/11 03:440.010.01 U

SM 2320B MMFTotal Alkalinity mg/L 8.0 05/24/11 13:002.0200

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 05/25/11 09:380.20 05/25/11 10:470.052.0

SM 2540D JAGTotal Suspended Solids mg/L 05/23/11 09:401 05/24/11 09:5511

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 05/19/11 14:001 05/20/11 15:0011

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1104232

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

June 3, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-13

05/19/11 09:00

Thomas Drunasky

05/19/11 12:10

DENIT-LS2  

Field Parameters

DEP FT1100 TDDpH SU 0.1 05/19/11 09:000.17.9

DEP FT1400 TDDWater Temperature °C 0.1 05/19/11 09:000.120.2

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 05/19/11 09:000.11,100

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 05/19/11 09:000.13.1

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 05/24/11 16:470.0050.050

SM 5210B MEJCarbonaceous BOD mg/L 05/19/11 16:152 05/24/11 16:3022 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 05/20/11 03:440.0122

EPA 300.0 MEJNitrite (as N) mg/L 0.04 05/20/11 03:440.010.76

SM 2320B MMFTotal Alkalinity mg/L 8.0 05/24/11 13:002.0240

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 05/25/11 09:380.20 05/25/11 10:470.053.5

SM 2540D JAGTotal Suspended Solids mg/L 05/23/11 09:401 05/24/11 09:5512

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 05/19/11 14:001 05/20/11 15:0011 U

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-14

05/19/11 09:00

Client

05/19/11 12:10

LS2-D  

Field Parameters

DEP FT1100 TDDpH SU 0.1 05/19/11 09:000.17.9

DEP FT1400 TDDWater Temperature °C 0.1 05/19/11 09:000.120.1

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 05/19/11 09:000.11,100

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 05/19/11 09:000.13.1

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 05/24/11 16:470.0050.044

SM 5210B MEJCarbonaceous BOD mg/L 05/19/11 16:152 05/24/11 16:3022 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 05/20/11 03:440.0122

EPA 300.0 MEJNitrite (as N) mg/L 0.04 05/20/11 03:440.010.72

SM 2320B MMFTotal Alkalinity mg/L 8.0 05/24/11 13:002.0340

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 05/25/11 09:410.20 05/27/11 09:110.053.3

SM 2540D JAGTotal Suspended Solids mg/L 05/23/11 09:401 05/24/11 09:5511

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 05/19/11 14:001 05/20/11 15:0011 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1104232

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

June 3, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-15

05/19/11 09:00

Thomas Drunasky

05/19/11 12:10

DENIT-LS4  

Field Parameters

DEP FT1100 TDDpH SU 0.1 05/19/11 09:000.18.1

DEP FT1400 TDDWater Temperature °C 0.1 05/19/11 09:000.119.9

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 05/19/11 09:000.11,080

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 05/19/11 09:000.10.6

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 05/27/11 09:300.0050.005 U

SM 5210B MEJCarbonaceous BOD mg/L 05/19/11 16:152 05/24/11 16:3027

EPA 300.0 MEJNitrate (as N) mg/L 0.04 05/20/11 20:170.010.01 U

EPA 300.0 MEJNitrite (as N) mg/L 0.04 05/20/11 20:170.010.01 U

SM 2320B MMFTotal Alkalinity mg/L 8.0 05/24/11 13:002.0380

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 05/25/11 09:410.20 05/27/11 09:110.051.5

SM 2540D JAGTotal Suspended Solids mg/L 05/23/11 09:401 05/24/11 09:5515

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 05/19/11 14:001 05/20/11 15:0011 U

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-16

05/19/11 11:30

Thomas Drunasky

05/19/11 14:05

RC1  

Field Parameters

DEP FT1100 TDDpH SU 0.1 05/19/11 11:300.17.5

DEP FT1400 TDDWater Temperature °C 0.1 05/19/11 11:300.123.4

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 05/19/11 11:300.1750

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 05/19/11 11:300.10.1 U

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 05/27/11 09:300.0058.0

SM 5210B MEJCarbonaceous BOD mg/L 05/20/11 16:502 05/25/11 15:2022

EPA 300.0 MEJNitrate (as N) mg/L 0.04 05/20/11 20:170.0113

EPA 300.0 MEJNitrite (as N) mg/L 0.04 05/20/11 20:170.010.18

SM 2320B MMFTotal Alkalinity mg/L 8.0 05/24/11 13:002.0200

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 05/25/11 09:410.20 05/27/11 09:110.058.7

SM 2540D JAGTotal Suspended Solids mg/L 05/23/11 09:401 05/24/11 09:5513

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 05/19/11 15:351 05/20/11 15:101460

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1104232

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

June 3, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-17

05/19/11 11:00

Thomas Drunasky

05/19/11 14:05

RC2  

Field Parameters

DEP FT1100 TDDpH SU 0.1 05/19/11 11:000.17.5

DEP FT1400 TDDWater Temperature °C 0.1 05/19/11 11:000.121.2

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 05/19/11 11:000.1770

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 05/19/11 11:000.10.7

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 05/27/11 09:300.0055.4

SM 5210B MEJCarbonaceous BOD mg/L 05/20/11 16:502 05/25/11 15:2022 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 05/20/11 20:170.0117

EPA 300.0 MEJNitrite (as N) mg/L 0.04 05/20/11 20:170.010.34

SM 2320B MMFTotal Alkalinity mg/L 8.0 05/24/11 13:002.0170

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 05/25/11 09:410.20 05/27/11 09:110.0510

SM 2540D JAGTotal Suspended Solids mg/L 05/23/11 09:401 05/24/11 09:5515

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 05/19/11 15:351 05/20/11 15:101370

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-18

05/19/11 10:30

Thomas Drunasky

05/19/11 14:05

RC3  

Field Parameters

DEP FT1100 TDDpH SU 0.1 05/19/11 10:300.17.4

DEP FT1400 TDDWater Temperature °C 0.1 05/19/11 10:300.121.9

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 05/19/11 10:300.1780

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 05/19/11 10:300.10.1 U

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 05/27/11 09:300.0058.8

SM 5210B MEJCarbonaceous BOD mg/L 05/20/11 16:502 05/25/11 15:2024

EPA 300.0 MEJNitrate (as N) mg/L 0.04 05/20/11 20:170.0117

EPA 300.0 MEJNitrite (as N) mg/L 0.04 05/20/11 20:170.010.13

SM 2320B MMFTotal Alkalinity mg/L 8.0 05/24/11 13:002.0190

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 05/25/11 09:410.20 05/27/11 09:110.0516

SM 2540D JAGTotal Suspended Solids mg/L 05/23/11 09:401 05/24/11 09:5517

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 05/19/11 15:351 05/20/11 15:101560

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1104232

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

June 3, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-19

05/19/11 10:45

Thomas Drunasky

05/19/11 14:05

RC4  

Field Parameters

DEP FT1100 TDDpH SU 0.1 05/19/11 10:450.17.5

DEP FT1400 TDDWater Temperature °C 0.1 05/19/11 10:450.121.7

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 05/19/11 10:450.1800

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 05/19/11 10:450.10.1 U

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 05/27/11 09:300.00512

SM 5210B MEJCarbonaceous BOD mg/L 05/20/11 16:502 05/25/11 15:2028

EPA 300.0 MEJNitrate (as N) mg/L 0.04 05/20/11 20:170.016.2

EPA 300.0 MEJNitrite (as N) mg/L 0.04 05/20/11 20:170.010.86

SM 2320B MMFTotal Alkalinity mg/L 8.0 05/24/11 13:002.0270

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 05/25/11 09:410.20 05/27/11 09:110.0521

SM 2540D JAGTotal Suspended Solids mg/L 05/24/11 10:571 05/25/11 09:5415

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 05/19/11 15:351 05/20/11 15:1018,600

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-20

05/19/11 09:50

Thomas Drunasky

05/19/11 12:10

UNSAT-CL4  

Field Parameters

DEP FT1100 TDDpH SU 0.1 05/19/11 09:500.17.4

DEP FT1400 TDDWater Temperature °C 0.1 05/19/11 09:500.122.2

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 05/19/11 09:500.1750

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 05/19/11 09:500.17.6

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 05/27/11 09:300.0050.005 U

SM 5210B MEJCarbonaceous BOD mg/L 05/19/11 16:152 05/24/11 16:3022 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 05/20/11 20:170.0114

EPA 300.0 MEJNitrite (as N) mg/L 0.04 05/20/11 20:170.010.01 U

SM 2320B MMFTotal Alkalinity mg/L 8.0 05/24/11 13:002.0210

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 05/25/11 09:410.20 05/27/11 09:110.0512

SM 2540D JAGTotal Suspended Solids mg/L 05/24/11 10:571 05/25/11 09:5413

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 05/19/11 14:001 05/20/11 15:00118

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1104232

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

June 3, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-21

05/19/11 09:50

Thomas Drunasky

05/19/11 12:10

UNSAT-CL2  

Field Parameters

DEP FT1100 TDDpH SU 0.1 05/19/11 09:500.17.3

DEP FT1400 TDDWater Temperature °C 0.1 05/19/11 09:500.122.8

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 05/19/11 09:500.1740

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 05/19/11 09:500.16.8

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 05/27/11 09:300.0050.008 I

SM 5210B MEJCarbonaceous BOD mg/L 05/19/11 16:152 05/24/11 16:3022 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 05/20/11 20:170.0122

EPA 300.0 MEJNitrite (as N) mg/L 0.04 05/20/11 20:170.010.01 U

SM 2320B MMFTotal Alkalinity mg/L 8.0 05/24/11 13:002.0130

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 05/25/11 09:410.20 05/27/11 09:110.053.2

SM 2540D JAGTotal Suspended Solids mg/L 05/24/11 10:571 05/25/11 09:5416

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 05/19/11 14:001 05/20/11 15:00120

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-22

05/19/11 10:05

Thomas Drunasky

05/19/11 12:10

UNSAT-EC4  

Field Parameters

DEP FT1100 TDDpH SU 0.1 05/19/11 10:050.17.3

DEP FT1400 TDDWater Temperature °C 0.1 05/19/11 10:050.122.7

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 05/19/11 10:050.1710

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 05/19/11 10:050.17.9

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 05/27/11 09:300.0050.005 U

SM 5210B MEJCarbonaceous BOD mg/L 05/19/11 16:152 05/24/11 16:3022 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 05/20/11 20:170.0120

EPA 300.0 MEJNitrite (as N) mg/L 0.04 05/20/11 20:170.010.01 U

SM 2320B MMFTotal Alkalinity mg/L 8.0 05/24/11 13:002.0130

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 05/25/11 09:410.20 05/27/11 09:110.052.6

SM 2540D JAGTotal Suspended Solids mg/L 05/24/11 10:571 05/25/11 09:5417

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 05/19/11 14:001 05/20/11 15:0011 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager

Page 12 of 38



Work Order: 1104232

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

June 3, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-23

05/19/11 09:50

Thomas Drunasky

05/19/11 12:10

UNSAT-SA2  

Field Parameters

DEP FT1100 TDDpH SU 0.1 05/19/11 09:500.17.1

DEP FT1400 TDDWater Temperature °C 0.1 05/19/11 09:500.122.5

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 05/19/11 09:500.1760

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 05/19/11 09:500.14.5

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 05/27/11 09:300.0050.062

SM 5210B MEJCarbonaceous BOD mg/L 05/19/11 16:152 05/24/11 16:3022 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 05/20/11 20:170.0119

EPA 300.0 MEJNitrite (as N) mg/L 0.04 05/20/11 20:170.010.01 U

SM 2320B MMFTotal Alkalinity mg/L 8.0 05/24/11 13:002.0140

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 05/25/11 09:410.20 05/27/11 09:110.052.1

SM 2540D JAGTotal Suspended Solids mg/L 05/24/11 10:571 05/25/11 09:5417

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 05/19/11 14:001 05/20/11 15:00121

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-24

05/19/11 12:00

Thomas Drunasky

05/19/11 14:05

DFT  

Field Parameters

DEP FT1100 TDDpH SU 0.1 05/19/11 12:000.17.5

DEP FT1400 TDDWater Temperature °C 0.1 05/19/11 12:000.121.2

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 05/19/11 12:000.1770

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 05/19/11 12:000.17.5

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 05/27/11 09:300.0050.005 U

SM 5210B MEJCarbonaceous BOD mg/L 05/20/11 16:502 05/25/11 15:2022 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 05/20/11 20:170.0117

EPA 300.0 MEJNitrite (as N) mg/L 0.04 05/20/11 20:170.010.01 U

SM 4500P-E SMDPhosphorous - Total as P mg/L 05/23/11 09:440.040 05/26/11 09:460.01011

EPA 300.0 MEJSulfate mg/L 0.60 05/20/11 20:170.2060

SM 2320B MMFTotal Alkalinity mg/L 8.0 05/24/11 13:002.0170

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 05/25/11 09:410.20 05/27/11 09:110.053.2

SM 2540D JAGTotal Suspended Solids mg/L 05/24/11 10:571 05/25/11 09:5413

Microbiology

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1104232

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

June 3, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-24

05/19/11 12:00

Thomas Drunasky

05/19/11 14:05

DFT  

SM 9222D MEJFecal Coliforms CFU/100 ml 05/19/11 15:351 05/20/11 15:10111

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-25

05/19/11 08:00

Thomas Drunasky

05/19/11 12:10

DENIT-SU1  

Field Parameters

DEP FT1100 TDDpH SU 0.1 05/19/11 08:000.17.2

DEP FT1400 TDDWater Temperature °C 0.1 05/19/11 08:000.116.9

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 05/19/11 08:000.11,000

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 05/19/11 08:000.10.1 U

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 05/27/11 09:300.0051.3

SM 5210B MEJCarbonaceous BOD mg/L 05/19/11 16:152 05/24/11 16:3022 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 05/20/11 20:170.010.05

EPA 300.0 MEJNitrite (as N) mg/L 0.04 05/20/11 20:170.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 05/25/11 00:280.20270

SM 2320B MMFTotal Alkalinity mg/L 8.0 05/24/11 13:002.0200

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 05/25/11 09:410.20 05/27/11 09:110.052.9

SM 2540D JAGTotal Suspended Solids mg/L 05/24/11 10:571 05/25/11 09:5413

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 05/19/11 14:001 05/20/11 15:0011 U

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-26

05/19/11 08:00

Thomas Drunasky

05/19/11 12:10

DENIT-SU2  

Field Parameters

DEP FT1100 TDDpH SU 0.1 05/19/11 08:000.17.1

DEP FT1400 TDDWater Temperature °C 0.1 05/19/11 08:000.116.7

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 05/19/11 08:000.11,010

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 05/19/11 08:000.10.1 U

Inorganics

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1104232

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

June 3, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-26

05/19/11 08:00

Thomas Drunasky

05/19/11 12:10

DENIT-SU2  

SM 4550SF MMFHydrogen Sulfide (Unionized) mg/L 05/24/11 11:450.04 05/24/11 11:460.017.4

EPA 350.1 SMDAmmonia as N mg/L 0.010 05/27/11 09:300.0051.6

SM 5210B MEJCarbonaceous BOD mg/L 05/19/11 16:152 05/24/11 16:30224

EPA 300.0 MEJNitrate (as N) mg/L 0.04 05/20/11 20:170.010.02 I

EPA 300.0 MEJNitrite (as N) mg/L 0.04 05/20/11 20:170.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 05/25/11 00:280.20260

SM 4500SF MMFSulfide mg/L 0.40 05/24/11 11:430.1017

SM 2320B MMFTotal Alkalinity mg/L 8.0 05/24/11 13:002.0260

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 05/25/11 09:410.20 05/27/11 09:110.053.5

SM 2540D JAGTotal Suspended Solids mg/L 05/24/11 10:571 05/25/11 09:5413

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 05/19/11 14:001 05/20/11 15:0011 U

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-27

05/19/11 08:00

Thomas Drunasky

05/19/11 12:10

DENIT-LS1  

Field Parameters

DEP FT1100 TDDpH SU 0.1 05/19/11 08:000.17.3

DEP FT1400 TDDWater Temperature °C 0.1 05/19/11 08:000.116.1

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 05/19/11 08:000.1700

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 05/19/11 08:000.10.1 U

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 05/27/11 09:300.0050.005 U

SM 5210B MEJCarbonaceous BOD mg/L 05/19/11 16:152 05/24/11 16:30229

EPA 300.0 MEJNitrate (as N) mg/L 0.04 05/20/11 20:170.010.02 I

EPA 300.0 MEJNitrite (as N) mg/L 0.04 05/20/11 20:170.010.01 U

SM 2320B MMFTotal Alkalinity mg/L 8.0 05/24/11 13:002.0220

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 05/25/11 09:410.20 05/27/11 09:110.0527

SM 2540D JAGTotal Suspended Solids mg/L 05/24/11 10:571 05/25/11 09:5416

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 05/19/11 14:001 05/20/11 15:0011 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1104232

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

June 3, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-28

05/19/11 08:00

Thomas Drunasky

05/19/11 12:10

DENIT-GL1  

Field Parameters

DEP FT1100 TDDpH SU 0.1 05/19/11 08:000.16.8

DEP FT1400 TDDWater Temperature °C 0.1 05/19/11 08:000.116.4

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 05/19/11 08:000.1850

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 05/19/11 08:000.10.1 U

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 05/27/11 09:300.0051.7

SM 5210B MEJCarbonaceous BOD mg/L 05/19/11 16:152 05/24/11 16:30215

EPA 300.0 MEJNitrate (as N) mg/L 0.04 05/20/11 20:170.010.03 I

EPA 300.0 MEJNitrite (as N) mg/L 0.04 05/20/11 20:170.010.01 U

SM 2320B MMFTotal Alkalinity mg/L 8.0 05/24/11 13:002.0400

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 05/25/11 09:410.20 05/27/11 09:110.051.9

SM 2540D JAGTotal Suspended Solids mg/L 05/24/11 10:571 05/25/11 09:5412

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 05/19/11 14:001 05/20/11 15:0011,000 Z

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-30

05/19/11 11:25

Thomas Drunasky

05/19/11 14:05

UNSAT-IS1  

Field Parameters

DEP FT1100 TDDpH SU 0.1 05/19/11 11:250.17.3

DEP FT1400 TDDWater Temperature °C 0.1 05/19/11 11:250.124.1

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 05/19/11 11:250.1810

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 05/19/11 11:250.12.4

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 05/27/11 09:300.0050.37

SM 5210B MEJCarbonaceous BOD mg/L 05/20/11 16:502 05/25/11 15:2024

EPA 300.0 MEJNitrate (as N) mg/L 0.04 05/20/11 20:170.010.48

EPA 300.0 MEJNitrite (as N) mg/L 0.04 05/20/11 20:170.010.82

EPA 300.0 MEJSulfate mg/L 0.60 05/25/11 00:280.20200

SM 2320B MMFTotal Alkalinity mg/L 8.0 05/24/11 13:002.0240

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 05/25/11 09:410.20 05/27/11 09:110.053.3

SM 2540D JAGTotal Suspended Solids mg/L 05/24/11 10:571 05/25/11 09:5418

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 05/19/11 15:351 05/20/11 15:1011

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1104232

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

June 3, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-32

05/19/11 11:25

Thomas Drunasky

05/19/11 14:05

UNSAT-IS2  

Field Parameters

DEP FT1100 TDDpH SU 0.1 05/19/11 11:250.17.3

DEP FT1400 TDDWater Temperature °C 0.1 05/19/11 11:250.124.4

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 05/19/11 11:250.1850

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 05/19/11 11:250.14.7

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 05/27/11 09:300.00530

SM 5210B MEJCarbonaceous BOD mg/L 05/20/11 16:502 05/25/11 15:20219

EPA 300.0 MEJNitrate (as N) mg/L 0.04 05/20/11 20:170.010.03 I

EPA 300.0 MEJNitrite (as N) mg/L 0.04 05/20/11 20:170.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 05/20/11 20:170.2054

SM 2320B MMFTotal Alkalinity mg/L 8.0 05/24/11 13:002.0320

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 05/25/11 09:410.20 05/27/11 09:110.0542

SM 2540D JAGTotal Suspended Solids mg/L 05/24/11 10:571 05/25/11 09:5417

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 05/19/11 15:351 05/20/11 15:10119

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-33

05/19/11 08:45

Thomas Drunasky

05/19/11 12:10

UNSAT-IS3-SP  

Field Parameters

DEP FT1100 TDDpH SU 0.1 05/19/11 08:450.17.1

DEP FT1400 TDDWater Temperature °C 0.1 05/19/11 08:450.118.2

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 05/19/11 08:450.11,000

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 05/27/11 09:300.0050.45

SM 5210B MEJCarbonaceous BOD mg/L 05/19/11 16:152 05/24/11 16:3023

EPA 300.0 MEJNitrate (as N) mg/L 0.04 05/20/11 20:170.0112

EPA 300.0 MEJNitrite (as N) mg/L 0.04 05/20/11 20:170.010.42

EPA 300.0 MEJSulfate mg/L 0.60 05/20/11 20:170.2088

SM 2320B MMFTotal Alkalinity mg/L 8.0 05/24/11 13:002.0410

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 05/25/11 09:410.20 05/27/11 09:110.052.8

SM 2540D JAGTotal Suspended Solids mg/L 05/24/11 10:571 05/25/11 09:5414

Microbiology

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager

Page 17 of 38



Work Order: 1104232

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

June 3, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-33

05/19/11 08:45

Thomas Drunasky

05/19/11 12:10

UNSAT-IS3-SP  

SM 9222D MEJFecal Coliforms CFU/100 ml 05/19/11 14:001 05/20/11 15:0011 U

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-34

05/19/11 08:45

Thomas Drunasky

05/19/11 12:10

UNSAT-IS4-SP  

Field Parameters

DEP FT1100 TDDpH SU 0.1 05/19/11 08:450.17.0

DEP FT1400 TDDWater Temperature °C 0.1 05/19/11 08:450.117.5

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 05/19/11 08:450.11,140

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 05/27/11 09:300.0050.23

SM 5210B MEJCarbonaceous BOD mg/L 05/19/11 16:152 05/24/11 16:3022 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 05/20/11 20:170.0120

EPA 300.0 MEJNitrite (as N) mg/L 0.04 05/20/11 20:170.010.50

EPA 300.0 MEJSulfate mg/L 0.60 05/25/11 00:280.20100

SM 2320B MMFTotal Alkalinity mg/L 8.0 05/24/11 13:002.0220

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 05/25/11 09:410.20 05/27/11 09:110.052.6

SM 2540D JAGTotal Suspended Solids mg/L 05/24/11 10:571 05/25/11 09:5414

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 05/19/11 14:001 05/20/11 15:0011 U

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-35

05/19/11 09:45

Thomas Drunasky

05/19/11 12:10

FB  

Field Parameters

DEP FT1100 TDDpH SU 0.1 05/19/11 09:450.17.0

DEP FT1400 TDDWater Temperature °C 0.1 05/19/11 09:450.119.9

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 05/19/11 09:450.15

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 05/19/11 09:450.17.4

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 05/27/11 09:300.0050.008 I

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1104232

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

June 3, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-35

05/19/11 09:45

Thomas Drunasky

05/19/11 12:10

FB  

SM 5210B MEJCarbonaceous BOD mg/L 05/19/11 16:152 05/24/11 16:3022 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 05/20/11 20:170.010.01 U

EPA 300.0 MEJNitrite (as N) mg/L 0.04 05/20/11 20:170.010.01 U

SM 2320B MMFTotal Alkalinity mg/L 8.0 05/24/11 13:002.011

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 05/26/11 17:090.20 05/31/11 14:320.050.05 U,J5

SM 2540D JAGTotal Suspended Solids mg/L 05/24/11 10:571 05/25/11 09:5411 U

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 05/19/11 14:001 05/20/11 15:0011 U

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104232-36

05/19/11 09:45

Thomas Drunasky

05/19/11 12:10

EB  

Field Parameters

DEP FT1100 TDDpH SU 0.1 05/19/11 09:450.17.5

DEP FT1400 TDDWater Temperature °C 0.1 05/19/11 09:450.119.4

DEP FT1200 TDDSpecific conductance umhos/cm 0.1 05/19/11 09:450.15

DEP FT1500 TDDDissolved Oxygen mg/L 0.1 05/19/11 09:450.18.2

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 05/27/11 09:300.0050.005 I

SM 5210B MEJCarbonaceous BOD mg/L 05/19/11 16:152 05/24/11 16:3022 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 05/21/11 04:300.010.01 U

EPA 300.0 MEJNitrite (as N) mg/L 0.04 05/21/11 04:300.010.01 U

SM 2320B MMFTotal Alkalinity mg/L 8.0 05/24/11 13:002.011

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 05/26/11 17:090.20 05/31/11 14:320.050.05 U

SM 2540D JAGTotal Suspended Solids mg/L 05/24/11 10:571 05/25/11 09:5411 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1104232

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

June 3, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BE11921 - BOD

Blank (BE11921-BLK1) Prepared: 05/19/11  Analyzed: 05/24/11 

Carbonaceous BOD mg/L2 22 U

LCS (BE11921-BS1) Prepared: 05/19/11  Analyzed: 05/24/11 

Carbonaceous BOD mg/L2 200 85-115992199

LCS Dup (BE11921-BSD1) Prepared: 05/19/11  Analyzed: 05/24/11 

Carbonaceous BOD mg/L2 200 1085-115101 12202

Duplicate (BE11921-DUP1) Prepared: 05/19/11  Analyzed: 05/24/11 Source: 1104339-04

Carbonaceous BOD mg/L2 ND 2522 U

Batch BE11923 - Ion Chromatography 300.0 Prep

Blank (BE11923-BLK1) Prepared & Analyzed: 05/20/11 

Nitrite (as N) mg/L0.04 0.010.01 U

Sulfate mg/L0.60 0.200.20 U

Nitrate (as N) mg/L0.04 0.010.01 U

LCS (BE11923-BS1) Prepared & Analyzed: 05/20/11 

Sulfate mg/L0.60 9.0 85-1151000.209.00

Nitrite (as N) mg/L0.04 1.4 85-115980.011.37

Nitrate (as N) mg/L0.04 1.7 85-1151060.011.81

LCS Dup (BE11923-BSD1) Prepared & Analyzed: 05/20/11 

Sulfate mg/L0.60 9.0 20085-11598 20.208.81

Nitrate (as N) mg/L0.04 1.7 20085-115103 30.011.75

Nitrite (as N) mg/L0.04 1.4 20085-11594 40.011.32

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1104232

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

June 3, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BE11923 - Ion Chromatography 300.0 Prep

Matrix Spike (BE11923-MS1) Prepared & Analyzed: 05/20/11 Source: 1104232-04

Nitrate (as N) mg/L0.04 1.7 22.2 85-115120.0122.4 +O

Sulfate mg/L0.60 9.0 64.0 85-1151020.2073.2

Nitrite (as N) mg/L0.04 1.4 ND 85-1151030.011.44

Matrix Spike (BE11923-MS2) Prepared & Analyzed: 05/20/11 Source: 1104232-14

Sulfate mg/L0.60 9.0 66.4 85-1151090.2076.2

Nitrite (as N) mg/L0.04 1.4 0.719 85-1151000.012.12

Nitrate (as N) mg/L0.04 1.7 21.9 85-115180.0122.2 +O

Batch BE12017 - Ion Chromatography 300.0 Prep

Blank (BE12017-BLK1) Prepared & Analyzed: 05/20/11 

Nitrate (as N) mg/L0.04 0.010.01 U

Sulfate mg/L0.60 0.200.20 U

Nitrite (as N) mg/L0.04 0.010.01 U

LCS (BE12017-BS1) Prepared & Analyzed: 05/20/11 

Sulfate mg/L0.60 9.0 85-115920.208.32

Nitrate (as N) mg/L0.04 1.7 85-115940.011.59

Nitrite (as N) mg/L0.04 1.4 85-115970.011.36

LCS Dup (BE12017-BSD1) Prepared & Analyzed: 05/20/11 

Nitrate (as N) mg/L0.04 1.7 20085-11593 0.60.011.58

Sulfate mg/L0.60 9.0 20085-11591 10.208.22

Nitrite (as N) mg/L0.04 1.4 20085-11597 00.011.36

Matrix Spike (BE12017-MS1) Prepared & Analyzed: 05/20/11 Source: 1104232-23

Sulfate mg/L0.60 9.0 55.9 85-1151400.2068.5 +O

Nitrite (as N) mg/L0.04 1.4 ND 85-1151050.011.47

Nitrate (as N) mg/L0.04 1.7 19.4 85-115710.0120.6 +O

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1104232

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

June 3, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BE12017 - Ion Chromatography 300.0 Prep

Matrix Spike (BE12017-MS2) Prepared & Analyzed: 05/20/11 Source: 1104232-35

Sulfate mg/L0.60 9.0 ND 85-115940.208.45

Nitrite (as N) mg/L0.04 1.4 ND 85-115980.011.37

Nitrate (as N) mg/L0.04 1.7 ND 85-115940.011.59

Batch BE12018 - Ion Chromatography 300.0 Prep

Blank (BE12018-BLK1) Prepared & Analyzed: 05/21/11 

Nitrite (as N) mg/L0.04 0.010.01 U

Nitrate (as N) mg/L0.04 0.010.01 U

LCS (BE12018-BS1) Prepared & Analyzed: 05/21/11 

Nitrite (as N) mg/L0.04 1.4 85-115960.011.35

Nitrate (as N) mg/L0.04 1.7 85-115930.011.58

LCS Dup (BE12018-BSD1) Prepared & Analyzed: 05/21/11 

Nitrite (as N) mg/L0.04 1.4 20085-11596 00.011.35

Nitrate (as N) mg/L0.04 1.7 1085-11593 00.011.58

Matrix Spike (BE12018-MS2) Prepared & Analyzed: 05/21/11 Source: 1104321-01

Nitrite (as N) mg/L0.04 14 ND 85-115990.0113.8

Nitrate (as N) mg/L0.04 17 1.77 85-115900.0117.1

Batch BE12026 - BOD

Blank (BE12026-BLK1) Prepared: 05/20/11  Analyzed: 05/25/11 

Carbonaceous BOD mg/L2 22 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1104232

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

June 3, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BE12026 - BOD

LCS (BE12026-BS1) Prepared: 05/20/11  Analyzed: 05/25/11 

Carbonaceous BOD mg/L2 200 85-115972193

LCS Dup (BE12026-BSD1) Prepared: 05/20/11  Analyzed: 05/25/11 

Carbonaceous BOD mg/L2 200 20085-11597 0.32194

Duplicate (BE12026-DUP1) Prepared: 05/20/11  Analyzed: 05/25/11 Source: 1104430-04

Carbonaceous BOD mg/L2 ND 2522 U

Batch BE12316 - TSS prep

Blank (BE12316-BLK1) Prepared: 05/23/11  Analyzed: 05/24/11 

Total Suspended Solids mg/L1 11 U

LCS (BE12316-BS1) Prepared: 05/23/11  Analyzed: 05/24/11 

Total Suspended Solids mg/L1 50 85-11586143.0

LCS (BE12316-BS2) Prepared: 05/23/11  Analyzed: 05/24/11 

Total Suspended Solids mg/L1 50 85-11586143.0

LCS (BE12316-BS3) Prepared: 05/23/11  Analyzed: 05/24/11 

Total Suspended Solids mg/L1 50 85-11588144.0

LCS (BE12316-BS4) Prepared: 05/23/11  Analyzed: 05/24/11 

Total Suspended Solids mg/L1 50 85-11587143.5

LCS (BE12316-BS5) Prepared: 05/23/11  Analyzed: 05/24/11 

Total Suspended Solids mg/L1 50 85-11586143.0

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1104232

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

June 3, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BE12316 - TSS prep

Duplicate (BE12316-DUP1) Prepared: 05/23/11  Analyzed: 05/24/11 Source: 1103843-01

Total Suspended Solids mg/L1 25.0 306123.5

Duplicate (BE12316-DUP2) Prepared: 05/23/11  Analyzed: 05/24/11 Source: 1104199-01

Total Suspended Solids mg/L1 ND 3011 U

Batch BE12319 - Digestion for TP by EPA 365.2/SM4500PE

Blank (BE12319-BLK1) Prepared: 05/23/11  Analyzed: 05/26/11 

Phosphorous - Total as P mg/L0.040 0.0100.010 U

LCS (BE12319-BS1) Prepared: 05/23/11  Analyzed: 05/26/11 

Phosphorous - Total as P mg/L0.040 0.50 90-1101040.0100.522

Matrix Spike (BE12319-MS1) Prepared: 05/23/11  Analyzed: 05/26/11 Source: 1104390-07

Phosphorous - Total as P mg/L0.040 0.50 0.113 75-125890.0100.557

Matrix Spike Dup (BE12319-MSD1) Prepared: 05/23/11  Analyzed: 05/26/11 Source: 1104390-07

Phosphorous - Total as P mg/L0.040 0.50 0.113 2575-12593 40.0100.579

Batch BE12351 - Ion Chromatography 300.0 Prep

Blank (BE12351-BLK1) Prepared & Analyzed: 05/25/11 

Sulfate mg/L0.60 0.200.20 U

LCS (BE12351-BS1) Prepared & Analyzed: 05/25/11 

Sulfate mg/L0.60 9.0 85-115970.208.74

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1104232

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

June 3, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BE12351 - Ion Chromatography 300.0 Prep

LCS Dup (BE12351-BSD1) Prepared & Analyzed: 05/25/11 

Sulfate mg/L0.60 9.0 20085-115100 30.209.04

Matrix Spike (BE12351-MS1) Prepared & Analyzed: 05/25/11 Source: 1104232-25

Sulfate mg/L0.60 90 272 85-1151070.20368

Matrix Spike (BE12351-MS2) Prepared & Analyzed: 05/25/11 Source: 1103760-01

Sulfate mg/L0.60 90 ND 85-1151040.2093.5

Batch BE12406 - TSS prep

Blank (BE12406-BLK1) Prepared: 05/24/11  Analyzed: 05/25/11 

Total Suspended Solids mg/L1 11 U

LCS (BE12406-BS1) Prepared: 05/24/11  Analyzed: 05/25/11 

Total Suspended Solids mg/L1 50 85-115107153.5

Duplicate (BE12406-DUP1) Prepared: 05/24/11  Analyzed: 05/25/11 Source: 1104101-01

Total Suspended Solids mg/L1 36.0 300136.0

Duplicate (BE12406-DUP2) Prepared: 05/24/11  Analyzed: 05/25/11 Source: 1104258-01

Total Suspended Solids mg/L1 223 3061211

Batch BE12408 - Ammonia by SEAL

Blank (BE12408-BLK1) Prepared & Analyzed: 05/24/11 

Ammonia as N mg/L0.010 0.0050.005 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1104232

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

June 3, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BE12408 - Ammonia by SEAL

Blank (BE12408-BLK2) Prepared & Analyzed: 05/24/11 

Ammonia as N mg/L0.010 0.0050.005 U

LCS (BE12408-BS1) Prepared & Analyzed: 05/24/11 

Ammonia as N mg/L0.010 0.50 90-1101100.0050.55

LCS (BE12408-BS2) Prepared & Analyzed: 05/24/11 

Ammonia as N mg/L0.010 0.50 90-1101090.0050.55

Matrix Spike (BE12408-MS1) Prepared & Analyzed: 05/24/11 Source: 1104203-11

Ammonia as N mg/L0.010 0.50 ND 90-110910.0050.45

Matrix Spike (BE12408-MS2) Prepared & Analyzed: 05/24/11 Source: 1104339-01

Ammonia as N mg/L0.010 0.50 0.026 90-110890.0050.47 J5

Matrix Spike Dup (BE12408-MSD1) Prepared & Analyzed: 05/24/11 Source: 1104203-11

Ammonia as N mg/L0.010 0.50 ND 1090-11091 0.20.0050.45

Matrix Spike Dup (BE12408-MSD2) Prepared & Analyzed: 05/24/11 Source: 1104339-01

Ammonia as N mg/L0.010 0.50 0.026 1090-11090 0.40.0050.48 J5

Batch BE12410 - Sulfide prep

Blank (BE12410-BLK1) Prepared & Analyzed: 05/24/11 

Sulfide mg/L0.40 0.100.10 U

LCS (BE12410-BS1) Prepared & Analyzed: 05/24/11 

Sulfide mg/L0.40 5.0 85-115930.104.64

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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10002 Princess Palm Ave, Suite 200

June 3, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BE12410 - Sulfide prep

Matrix Spike (BE12410-MS1) Prepared & Analyzed: 05/24/11 Source: 1103843-01

Sulfide mg/L0.40 5.0 1.42 85-115970.106.25

Matrix Spike Dup (BE12410-MSD1) Prepared & Analyzed: 05/24/11 Source: 1103843-01

Sulfide mg/L0.40 5.0 1.42 1485-11597 00.106.25

Batch BE12501 - alkalinity

Blank (BE12501-BLK1) Prepared & Analyzed: 05/24/11 

Total Alkalinity mg/L8.0 2.02.0 U

Blank (BE12501-BLK2) Prepared & Analyzed: 05/24/11 

Total Alkalinity mg/L8.0 2.02.0 U

LCS (BE12501-BS1) Prepared & Analyzed: 05/24/11 

Total Alkalinity mg/L8.0 120 90-1101072.0130

LCS (BE12501-BS2) Prepared & Analyzed: 05/24/11 

Total Alkalinity mg/L8.0 120 90-1101072.0130

Matrix Spike (BE12501-MS1) Prepared & Analyzed: 05/24/11 Source: 1104232-20

Total Alkalinity mg/L8.0 120 210 80-120982.0330

Matrix Spike (BE12501-MS2) Prepared & Analyzed: 05/24/11 Source: 1104232-36

Total Alkalinity mg/L8.0 120 11 80-120892.0120

Matrix Spike Dup (BE12501-MSD1) Prepared & Analyzed: 05/24/11 Source: 1104232-20

Total Alkalinity mg/L8.0 120 210 2680-12098 02.0330

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

June 3, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BE12501 - alkalinity

Matrix Spike Dup (BE12501-MSD2) Prepared & Analyzed: 05/24/11 Source: 1104232-36

Total Alkalinity mg/L8.0 120 11 2680-12089 02.0120

Batch BE12502 - Digestion for TKN by EPA 351.2

Blank (BE12502-BLK1) Prepared & Analyzed: 05/25/11 

Total Kjeldahl Nitrogen mg/L0.20 0.050.05 U

LCS (BE12502-BS1) Prepared & Analyzed: 05/25/11 

Total Kjeldahl Nitrogen mg/L0.20 2.5 90-1101040.052.61

Matrix Spike (BE12502-MS1) Prepared & Analyzed: 05/25/11 Source: 1103567-07

Total Kjeldahl Nitrogen mg/L0.20 2.5 0.739 80-1201140.053.58

Matrix Spike Dup (BE12502-MSD1) Prepared & Analyzed: 05/25/11 Source: 1103567-07

Total Kjeldahl Nitrogen mg/L0.20 2.5 0.739 2080-12098 120.053.18

Batch BE12503 - Digestion for TKN by EPA 351.2

Blank (BE12503-BLK1) Prepared: 05/25/11  Analyzed: 05/27/11 

Total Kjeldahl Nitrogen mg/L0.20 0.050.05 U

LCS (BE12503-BS1) Prepared: 05/25/11  Analyzed: 05/27/11 

Total Kjeldahl Nitrogen mg/L0.20 2.5 90-110980.052.45

Matrix Spike (BE12503-MS1) Prepared: 05/25/11  Analyzed: 05/27/11 Source: 1104338-07

Total Kjeldahl Nitrogen mg/L0.20 2.5 0.805 80-1201100.053.56

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BE12503 - Digestion for TKN by EPA 351.2

Matrix Spike Dup (BE12503-MSD1) Prepared: 05/25/11  Analyzed: 05/27/11 Source: 1104338-07

Total Kjeldahl Nitrogen mg/L0.20 2.5 0.805 2080-120111 0.50.053.58

Batch BE12625 - Ammonia by SEAL

Blank (BE12625-BLK1) Prepared & Analyzed: 05/27/11 

Ammonia as N mg/L0.010 0.0050.005 U

Blank (BE12625-BLK2) Prepared & Analyzed: 05/27/11 

Ammonia as N mg/L0.010 0.0050.005 U

LCS (BE12625-BS1) Prepared & Analyzed: 05/27/11 

Ammonia as N mg/L0.010 0.50 90-110970.0050.48

LCS (BE12625-BS2) Prepared & Analyzed: 05/27/11 

Ammonia as N mg/L0.010 0.50 90-110930.0050.47

Matrix Spike (BE12625-MS1) Prepared & Analyzed: 05/27/11 Source: 1104232-36

Ammonia as N mg/L0.010 0.50 0.005 90-110900.0050.46

Matrix Spike (BE12625-MS2) Prepared & Analyzed: 05/27/11 Source: 1104261-01

Ammonia as N mg/L0.010 0.50 0.080 90-110800.0050.48 J5

Matrix Spike Dup (BE12625-MSD1) Prepared & Analyzed: 05/27/11 Source: 1104232-36

Ammonia as N mg/L0.010 0.50 0.005 1090-11092 20.0050.46

Matrix Spike Dup (BE12625-MSD2) Prepared & Analyzed: 05/27/11 Source: 1104261-01

Ammonia as N mg/L0.010 0.50 0.080 1090-11083 30.0050.50 J5

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BE12626 - Digestion for TKN by EPA 351.2

Blank (BE12626-BLK1) Prepared: 05/26/11  Analyzed: 05/31/11 

Total Kjeldahl Nitrogen mg/L0.20 0.050.05 U

LCS (BE12626-BS1) Prepared: 05/26/11  Analyzed: 05/31/11 

Total Kjeldahl Nitrogen mg/L0.20 2.5 90-1101030.052.59

Matrix Spike (BE12626-MS1) Prepared: 05/26/11  Analyzed: 05/31/11 Source: 1104232-35

Total Kjeldahl Nitrogen mg/L0.20 2.5 ND 80-1201360.053.40 J5

Matrix Spike Dup (BE12626-MSD1) Prepared: 05/26/11  Analyzed: 05/31/11 Source: 1104232-35

Total Kjeldahl Nitrogen mg/L0.20 2.5 ND 2080-120138 20.053.45 J5

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager

Page 30 of 38



Work Order: 1104232

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

June 3, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Microbiology - Quality Control

MDL

Batch BE11915 - FC-MF

Blank (BE11915-BLK1) Prepared: 05/19/11  Analyzed: 05/20/11 

Fecal Coliforms CFU/100 ml1 11 U

Duplicate (BE11915-DUP1) Prepared: 05/19/11  Analyzed: 05/20/11 Source: 1104252-02

Fecal Coliforms CFU/100 ml1 ND 20011 U

Duplicate (BE11915-DUP2) Prepared: 05/19/11  Analyzed: 05/20/11 Source: 1104232-05

Fecal Coliforms CFU/100 ml1 20.0 2000120.0

Duplicate (BE11915-DUP3) Prepared: 05/19/11  Analyzed: 05/20/11 Source: 1104232-21

Fecal Coliforms CFU/100 ml1 20.0 2000120.0

Batch BE11919 - FC-MF

Blank (BE11919-BLK1) Prepared: 05/19/11  Analyzed: 05/20/11 

Fecal Coliforms CFU/100 ml1 11 U

Duplicate (BE11919-DUP1) Prepared: 05/19/11  Analyzed: 05/20/11 Source: 1104232-01

Fecal Coliforms CFU/100 ml1 9400 2001118,400

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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June 3, 2011

* Qualifiers, Notes and Definitions

Results followed by a "U" indicate that the sample was analyzed but the compound was not detected. Results followed by "I" indicate 

that the reported value is between the laboratory method detection limts and the laboratory practical quantitation limit.

A statement of estimated uncertainty of test results is available upon request.

For methods marked with  **, all QC criteria have been met for this method which is equivalent to a SAL certified method.

Test results in this report meet all the requirements of the NELAC standards. Any applicable qualifiers are shown below. 

Questions regarding this report should be directed to Client Services at 813-855-1844.

Z Too many colonies were present for accurate counting.

J5 Matrix spike of this sample was outside typical range.  All other QC criteria were acceptable.

+O Matrix spike source sample was over the reccommended range for the method.

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1104231

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

June 2, 2011

Revised Report

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104231-01

05/17/11 09:10

Josephine Edeback-Hirst

05/17/11 13:00

UNSAT-IS3  

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 05/20/11 14:430.0051.6

SM 5210B MMFCarbonaceous BOD mg/L 05/18/11 16:232 05/23/11 13:5726

EPA 300.0 MEJNitrate (as N) mg/L 0.04 05/18/11 22:400.010.02 I

EPA 300.0 MEJNitrite (as N) mg/L 0.04 05/18/11 22:400.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 05/24/11 15:410.20300

SM 2320B MMFTotal Alkalinity mg/L 8.0 05/18/11 08:562.0390

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 05/20/11 10:530.20 05/23/11 15:470.053.6

SM 2540D JAGTotal Suspended Solids mg/L 05/19/11 10:301 05/20/11 09:3718

Microbiology

SM 9222D JMKFecal Coliforms CFU/100 ml 05/17/11 15:301 05/18/11 14:3019

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1104231-02

05/17/11 09:15

Josephine Edeback-Hirst

05/17/11 13:00

UNSAT-IS4  

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 05/20/11 14:430.0050.076

SM 5210B MMFCarbonaceous BOD mg/L 05/18/11 16:232 05/23/11 13:57238

EPA 300.0 MEJNitrate (as N) mg/L 0.04 05/18/11 22:400.010.02 I

EPA 300.0 MEJNitrite (as N) mg/L 0.04 05/18/11 22:400.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 05/24/11 15:410.20190

SM 2320B MMFTotal Alkalinity mg/L 8.0 05/18/11 08:562.0530

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 05/20/11 10:530.20 05/23/11 15:470.052.4

SM 2540D JAGTotal Suspended Solids mg/L 05/19/11 10:301 05/20/11 09:37134

Microbiology

SM 9222D JMKFecal Coliforms CFU/100 ml 05/17/11 15:301 05/18/11 14:3011 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager

Page 1 of 9



Work Order: 1104231

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

June 2, 2011

Revised Report

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BE11737 - Ion Chromatography 300.0 Prep

Blank (BE11737-BLK1) Prepared & Analyzed: 05/18/11 

Nitrate (as N) mg/L0.04 0.010.01 U

Nitrite (as N) mg/L0.04 0.010.01 U

LCS (BE11737-BS1) Prepared & Analyzed: 05/18/11 

Nitrate (as N) mg/L0.04 1.7 85-1151060.011.80

Nitrite (as N) mg/L0.04 1.4 85-115990.011.39

LCS Dup (BE11737-BSD1) Prepared & Analyzed: 05/18/11 

Nitrite (as N) mg/L0.04 1.4 20085-11594 50.011.32

Nitrate (as N) mg/L0.04 1.7 1085-115104 20.011.76

Matrix Spike (BE11737-MS1) Prepared & Analyzed: 05/18/11 Source: 1104196-09

Nitrite (as N) mg/L0.04 1.4 ND 85-115990.011.39

Nitrate (as N) mg/L0.04 1.7 ND 85-1151050.011.78

Matrix Spike (BE11737-MS2) Prepared & Analyzed: 05/18/11 Source: 1104316-02

Nitrate (as N) mg/L0.04 17 0.193 85-1151100.0118.9

Nitrite (as N) mg/L0.04 14 ND 85-115990.0113.8

Batch BE11803 - alkalinity

Blank (BE11803-BLK1) Prepared & Analyzed: 05/18/11 

Total Alkalinity mg/L8.0 2.02.0 U

LCS (BE11803-BS1) Prepared & Analyzed: 05/18/11 

Total Alkalinity mg/L8.0 120 2690-1101072.0130

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1104231

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

June 2, 2011

Revised Report

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BE11803 - alkalinity

LCS (BE11803-BS2) Prepared & Analyzed: 05/18/11 

Total Alkalinity mg/L8.0 120 2690-1101072.0130

LCS (BE11803-BS3) Prepared & Analyzed: 05/18/11 

Total Alkalinity mg/L8.0 120 2690-1101072.0130

LCS (BE11803-BS4) Prepared & Analyzed: 05/18/11 

Total Alkalinity mg/L8.0 120 2690-1101072.0130

LCS (BE11803-BS5) Prepared & Analyzed: 05/18/11 

Total Alkalinity mg/L8.0 120 2690-110982.0120

Matrix Spike (BE11803-MS1) Prepared & Analyzed: 05/18/11 Source: 1104231-02

Total Alkalinity mg/L8.0 120 530 2680-120802.0630

Matrix Spike Dup (BE11803-MSD1) Prepared & Analyzed: 05/18/11 Source: 1104231-02

Total Alkalinity mg/L8.0 120 530 2680-12080 02.0630

Batch BE11828 - BOD

Blank (BE11828-BLK1) Prepared: 05/18/11  Analyzed: 05/23/11 

Carbonaceous BOD mg/L2 22 U

LCS (BE11828-BS1) Prepared: 05/18/11  Analyzed: 05/23/11 

Carbonaceous BOD mg/L2 200 85-115922183

LCS Dup (BE11828-BSD1) Prepared: 05/18/11  Analyzed: 05/23/11 

Carbonaceous BOD mg/L2 200 1085-11598 62195

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1104231

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

June 2, 2011

Revised Report

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BE11828 - BOD

Duplicate (BE11828-DUP1) Prepared: 05/18/11  Analyzed: 05/23/11 Source: 1103553-01

Carbonaceous BOD mg/L2 170 2532170

Batch BE11905 - TSS prep

Blank (BE11905-BLK1) Prepared: 05/19/11  Analyzed: 05/20/11 

Total Suspended Solids mg/L1 11 U

LCS (BE11905-BS1) Prepared: 05/19/11  Analyzed: 05/20/11 

Total Suspended Solids mg/L1 50 85-11594147.0

Duplicate (BE11905-DUP1) Prepared: 05/19/11  Analyzed: 05/20/11 Source: 1103761-01

Total Suspended Solids mg/L1 1010 3011996

Duplicate (BE11905-DUP2) Prepared: 05/19/11  Analyzed: 05/20/11 Source: 1104338-03

Total Suspended Solids mg/L1 1.00 30011.00

Batch BE12009 - Digestion for TKN by EPA 351.2

Blank (BE12009-BLK1) Prepared: 05/20/11  Analyzed: 05/23/11 

Total Kjeldahl Nitrogen mg/L0.20 0.050.05 U

LCS (BE12009-BS1) Prepared: 05/20/11  Analyzed: 05/23/11 

Total Kjeldahl Nitrogen mg/L0.20 2.5 90-1101000.052.50

Matrix Spike (BE12009-MS1) Prepared: 05/20/11  Analyzed: 05/23/11 Source: 1104267-01

Total Kjeldahl Nitrogen mg/L0.20 2.5 ND 80-120920.052.31

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1104231

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

June 2, 2011

Revised Report

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BE12009 - Digestion for TKN by EPA 351.2

Matrix Spike Dup (BE12009-MSD1) Prepared: 05/20/11  Analyzed: 05/23/11 Source: 1104267-01

Total Kjeldahl Nitrogen mg/L0.20 2.5 ND 2080-120101 90.052.52

Batch BE12012 - Ammonia by SEAL

Blank (BE12012-BLK1) Prepared & Analyzed: 05/20/11 

Ammonia as N mg/L0.010 0.0050.005 U

LCS (BE12012-BS1) Prepared & Analyzed: 05/20/11 

Ammonia as N mg/L0.010 0.50 90-110990.0050.49

Matrix Spike (BE12012-MS1) Prepared & Analyzed: 05/20/11 Source: 1104197-01

Ammonia as N mg/L0.010 0.50 0.006 90-110930.0050.47

Matrix Spike Dup (BE12012-MSD1) Prepared & Analyzed: 05/20/11 Source: 1104197-01

Ammonia as N mg/L0.010 0.50 0.006 1090-11094 10.0050.48

Batch BE12350 - Ion Chromatography 300.0 Prep

Blank (BE12350-BLK1) Prepared & Analyzed: 05/24/11 

Sulfate mg/L0.60 0.200.20 U

LCS (BE12350-BS1) Prepared & Analyzed: 05/24/11 

Sulfate mg/L0.60 9.0 85-1151010.209.12

LCS Dup (BE12350-BSD1) Prepared & Analyzed: 05/24/11 

Sulfate mg/L0.60 9.0 20085-115101 0.40.209.08

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1104231

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

June 2, 2011

Revised Report

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BE12350 - Ion Chromatography 300.0 Prep

Matrix Spike (BE12350-MS1) Prepared & Analyzed: 05/24/11 Source: 1104197-07

Sulfate mg/L0.60 90 9.87 85-1151060.20105

Matrix Spike (BE12350-MS2) Prepared & Analyzed: 05/24/11 Source: 1104087-09

Sulfate mg/L0.60 90 9.10 85-1151030.20102

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1104231

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

June 2, 2011

Revised Report

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Microbiology - Quality Control

MDL

Batch BE11727 - FC-MF

Blank (BE11727-BLK1) Prepared: 05/17/11  Analyzed: 05/18/11 

Fecal Coliforms CFU/100 

ml

1 11 U

Duplicate (BE11727-DUP1) Prepared: 05/17/11  Analyzed: 05/18/11 Source: 1104196-03

Fecal Coliforms CFU/100 

ml

1 ND 20011 U

Duplicate (BE11727-DUP2) Prepared: 05/17/11  Analyzed: 05/18/11 Source: 1104242-02

Fecal Coliforms CFU/100 

ml

1 ND 20011 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1104231

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

June 2, 2011

Revised Report

* Qualifiers, Notes and Definitions

Results followed by a "U" indicate that the sample was analyzed but the compound was not detected. Results followed by "I" indicate 

that the reported value is between the laboratory method detection limts and the laboratory practical quantitation limit.

A statement of estimated uncertainty of test results is available upon request.

For methods marked with  **, all QC criteria have been met for this method which is equivalent to a SAL certified method.

Test results in this report meet all the requirements of the NELAC standards. Any applicable qualifiers are shown below. 

Questions regarding this report should be directed to Client Services at 813-855-1844.

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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May 27, 2011

LIMS USE: FR - JOSEFIN

LIMS OBJECT ID: 3530933

3530933

Project:

Pace Project No.:

RE:

Ms. Josefin Edebeck-Hirst
Hazen and Sawyer, P.C
10002 Princess Palm Avenue
Suite 200
Tampa, FL 33619

PNRSII SE#6

Dear Ms. Edebeck-Hirst:

Enclosed are the analytical results for sample(s) received by the laboratory on May 20, 2011.  The
results relate only to the samples included in this report.  Results reported herein conform to the
most current NELAC standards, where applicable, unless otherwise narrated in the body of the
report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Sakina Mckenzie

sakina.mckenzie@pacelabs.com
Project Manager

Enclosures
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CERTIFICATIONS

Pace Project No.:

Project:

3530933

PNRSII SE#6

Ormond Beach Certification IDs
8 East Tower Circle, Ormond Beach, FL  32174
Alabama Certification #: 41320
Arizona Certification #: AZ0735
Colorado Certification: FL NELAC Reciprocity
Connecticut Certification #: PH 0216
Florida Certification #: E83079
Georgia Certification #: 955
Guam Certification: FL NELAC Reciprocity
Hawaii Certification: FL NELAC Reciprocity
Kansas Certification #: E-10383
Kentucky Certification #: 90050
Louisiana Certification #: LA090012
Louisiana Environmental Certificate #: 05007
Maine Certification #: FL1264
Massachusetts Certification #: M-FL1264

Michigan Certification #: 9911
Mississippi Certification: FL NELAC Reciprocity
Montana Certification #: Cert 0074
Nevada Certification: FL NELAC Reciprocity
New Hampshire Certification #: 2958
New Jersey Certification #: FL765
New York Certification #: 11608
North Carolina Environmental Certificate #: 667
North Carolina Certification #: 12710
Pennsylvania Certification #: 68-547
Puerto Rico Certification #: FL01264
Tennessee Certification #: TN02974
Texas Certification: FL NELAC Reciprocity
Virginia Certification #: 00432
Wyoming Certification: FL NELAC Reciprocity
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SAMPLE SUMMARY

Pace Project No.:

Project:

3530933

PNRSII SE#6

Lab ID Sample ID Matrix Date Collected Date Received

3530933001 DFT Water 05/19/11 12:05 05/20/11 07:30

3530933002 STE-PNRSII-T1 Water 05/19/11 12:15 05/20/11 07:30

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, Inc..

Page 3 of 17

Pace Analytical Services, Inc.

8 East Tower Circle

Ormond Beach, FL 32174

(386)672-5668



SAMPLE ANALYTE COUNT

Pace Project No.:

Project:

3530933

PNRSII SE#6

Lab ID Sample ID Method

Analytes

Reported LaboratoryAnalysts

3530933001 DFT 3 PASI-OSMM

SM 2320B 1 PASI-OHEA

SM 2540D 1 PASI-OAIS

SM 4500-S2F 1 PASI-OIRL

SM 5210B 1 PASI-OMBS

EPA 300.0 3 PASI-OKDM

EPA 300.0 1 PASI-OKDM

EPA 350.1 1 PASI-OAMD

EPA 351.2 1 PASI-OAMD

EPA 365.4 1 PASI-OAMD

EPA 410.4 1 PASI-OMMD

3530933002 STE-PNRSII-T1 3 PASI-OSMM

SM 2320B 1 PASI-OHEA

SM 2540D 1 PASI-OAIS

SM 4500-S2F 1 PASI-OIRL

SM 5210B 1 PASI-OMBS

EPA 300.0 2 PASI-OKDM

EPA 300.0 1 PASI-OKDM

EPA 350.1 1 PASI-OAMD

EPA 351.2 1 PASI-OAMD

EPA 365.4 1 PASI-OAMD

EPA 410.4 1 PASI-OMMD
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ANALYTICAL RESULTS

Pace Project No.:

Project:

3530933

PNRSII SE#6

Sample: DFT Lab ID: 3530933001 Collected: 05/19/11 12:05 Received: 05/20/11 07:30 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Field Data Analytical Method:

Field pH 7.5 Std. Units 1 05/20/11 10:15

Field Temperature 21.2 deg C 1 05/20/11 10:15

Field Specific Conductance 770 umhos/cm 1 05/20/11 10:15

2320B Alkalinity Analytical Method: SM 2320B

Alkalinity, Total as CaCO3 167 mg/L 1 05/24/11 14:555.0 5.0

2540D Total Suspended Solids Analytical Method: SM 2540D

Total Suspended Solids 5.0U mg/L 1 05/23/11 08:175.0 5.0

4500S2F Hydrogen Sulfide Analytical Method: SM 4500-S2F

Un-ionized Hydrogen Sulfide 1.0U mg/L 1 05/21/11 17:551.0 1.0

5210B cBOD, 5 day Analytical Method: SM 5210B  Preparation Method: SM 5210B

Carbonaceous BOD, 5 day 2.0U mg/L 1 05/25/11 08:5505/20/11 12:082.0 2.0

300.0 IC Anions Analytical Method: EPA 300.0

Nitrate as N 21.8 mg/L 5 05/20/11 18:21 14797-55-80.25 0.12

Nitrite as N 0.025U mg/L 1 05/20/11 15:19 14797-65-00.050 0.025

Orthophosphate as P 5.0 mg/L 1 05/20/11 15:190.10 0.050

300.0 IC Anions 28 Days Analytical Method: EPA 300.0

Sulfate 68.0 mg/L 1 05/20/11 15:19 14808-79-85.0 2.5

350.1 Ammonia Analytical Method: EPA 350.1

Nitrogen, Ammonia 0.020U mg/L 1 05/23/11 11:47 7664-41-70.050 0.020

351.2 Total Kjeldahl Nitrogen Analytical Method: EPA 351.2  Preparation Method: EPA 351.2

Nitrogen, Kjeldahl, Total 0.55 mg/L 1 05/26/11 10:03 7727-37-905/23/11 07:400.50 0.25

365.4 Phosphorus, Total Analytical Method: EPA 365.4  Preparation Method: EPA 365.4

Phosphorus, Total (as P) 4.9 mg/L 1 05/26/11 10:03 7723-14-005/23/11 07:400.10 0.050

410.4 COD Analytical Method: EPA 410.4

Chemical Oxygen Demand 12.5U mg/L 1 05/26/11 13:3525.0 12.5
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ANALYTICAL RESULTS

Pace Project No.:

Project:

3530933

PNRSII SE#6

Sample: STE-PNRSII-T1 Lab ID: 3530933002 Collected: 05/19/11 12:15 Received: 05/20/11 07:30 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Field Data Analytical Method:

Field pH 7.6 Std. Units 1 05/20/11 10:15

Field Temperature 25.1 deg C 1 05/20/11 10:15

Field Specific Conductance 960 umhos/cm 1 05/20/11 10:15

2320B Alkalinity Analytical Method: SM 2320B

Alkalinity, Total as CaCO3 347 mg/L 1 05/24/11 15:165.0 5.0

2540D Total Suspended Solids Analytical Method: SM 2540D

Total Suspended Solids 256 mg/L 1 05/23/11 08:1740.0 40.0

4500S2F Hydrogen Sulfide Analytical Method: SM 4500-S2F

Un-ionized Hydrogen Sulfide 1.8 mg/L 1 05/21/11 17:551.0 1.0

5210B cBOD, 5 day Analytical Method: SM 5210B  Preparation Method: SM 5210B

Carbonaceous BOD, 5 day 44.8 mg/L 1 05/25/11 08:5605/20/11 12:082.0 2.0

300.0 IC Anions Analytical Method: EPA 300.0

Nitrate as N 0.12U mg/L 5 05/20/11 15:31 14797-55-80.25 0.12

Nitrite as N 0.12U mg/L 5 05/20/11 15:31 14797-65-00.25 0.12

300.0 IC Anions 28 Days Analytical Method: EPA 300.0

Sulfate 32.9 mg/L 5 05/20/11 15:31 14808-79-825.0 12.5

350.1 Ammonia Analytical Method: EPA 350.1

Nitrogen, Ammonia 52.8 mg/L 10 05/23/11 13:00 7664-41-70.50 0.20

351.2 Total Kjeldahl Nitrogen Analytical Method: EPA 351.2  Preparation Method: EPA 351.2

Nitrogen, Kjeldahl, Total 56.5 mg/L 1 05/26/11 10:04 7727-37-905/23/11 07:401.0 0.50

365.4 Phosphorus, Total Analytical Method: EPA 365.4  Preparation Method: EPA 365.4

Phosphorus, Total (as P) 5.4 mg/L 1 05/26/11 10:04 7723-14-005/23/11 07:400.20 0.10

410.4 COD Analytical Method: EPA 410.4

Chemical Oxygen Demand 134 mg/L 1 05/26/11 13:3525.0 12.5
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3530933

PNRSII SE#6

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WET/8661

SM 2320B

SM 2320B

2320B Alkalinity

Associated Lab Samples: 3530933001, 3530933002

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 206652

Associated Lab Samples: 3530933001, 3530933002

Matrix: Water

Analyzed

Alkalinity, Total as CaCO3 mg/L 5.0U 5.0 05/24/11 14:42

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

206653LABORATORY CONTROL SAMPLE:

LCSSpike

Alkalinity, Total as CaCO3 mg/L 240250 96 90-110

Parameter Units

MS

Result

% Rec

Limits Qualifiers% RecConc.

206655MATRIX SPIKE SAMPLE:

MSSpike

Result

3530933001

Alkalinity, Total as CaCO3 mg/L 401250 94 90-110167

Parameter Units

MS

Result

% Rec

Limits Qualifiers% RecConc.

206657MATRIX SPIKE SAMPLE:

MSSpike

Result

3531046001

Alkalinity, Total as CaCO3 mg/L 240 J(M1)250 36 90-110150

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3530933001

206654SAMPLE DUPLICATE:

Alkalinity, Total as CaCO3 mg/L 168 .9 20167

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3531046001

206656SAMPLE DUPLICATE:

Alkalinity, Total as CaCO3 mg/L 151 .7 20150
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3530933

PNRSII SE#6

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WET/8643

SM 2540D

SM 2540D

2540D Total Suspended Solids

Associated Lab Samples: 3530933001, 3530933002

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 206163

Associated Lab Samples: 3530933001, 3530933002

Matrix: Water

Analyzed

Total Suspended Solids mg/L 5.0U 5.0 05/23/11 08:17

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

206164LABORATORY CONTROL SAMPLE:

LCSSpike

Total Suspended Solids mg/L 82.080 102 90-110

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3530891003

206165SAMPLE DUPLICATE:

Total Suspended Solids mg/L 5.0U 205.0U

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3530989001

206166SAMPLE DUPLICATE:

Total Suspended Solids mg/L 5.0U 205.0U
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3530933

PNRSII SE#6

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WET/8624

SM 5210B

SM 5210B

5210B cBOD, 5 day

Associated Lab Samples: 3530933001, 3530933002

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 205454

Associated Lab Samples: 3530933001, 3530933002

Matrix: Water

Analyzed

Carbonaceous BOD, 5 day mg/L 2.0U 2.0 05/25/11 08:43

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

205455LABORATORY CONTROL SAMPLE:

LCSSpike

Carbonaceous BOD, 5 day mg/L 200198 101 85-115

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3530892003

205894SAMPLE DUPLICATE:

Carbonaceous BOD, 5 day mg/L 218 1 20221
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3530933

PNRSII SE#6

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WETA/10278

EPA 300.0

EPA 300.0

300.0 IC Anions

Associated Lab Samples: 3530933001, 3530933002

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 205950

Associated Lab Samples: 3530933001, 3530933002

Matrix: Water

Analyzed

Nitrate as N mg/L 0.025U 0.050 05/20/11 10:40

Nitrite as N mg/L 0.025U 0.050 05/20/11 10:40

Orthophosphate as P mg/L 0.050U 0.10 05/20/11 10:40

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

205951LABORATORY CONTROL SAMPLE:

LCSSpike

Nitrate as N mg/L 5.25 104 90-110

Nitrite as N mg/L 5.25 105 90-110

Orthophosphate as P mg/L 10.610 106 90-110

Parameter Units

MS

Result

% Rec

Limits Qual% RecConc.

205952MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike

Result

3530932002

205953

MSD

Result

MSD

% Rec RPD RPD

Max

MSDMS

Spike

Conc.

Nitrate as N mg/L 10 101 90-110101 .001 20100.050U 10.1 10.1

Nitrite as N mg/L J(M1)10 88 90-11087 1 20100.050U 8.8 8.7

Orthophosphate as P mg/L 20 98 90-11098 .4 20200.10U 19.5 19.6

Parameter Units

MS

Result

% Rec

Limits Qual% RecConc.

205954MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike

Result

3530932011

205955

MSD

Result

MSD

% Rec RPD RPD

Max

MSDMS

Spike

Conc.

Nitrate as N mg/L 25 101 90-110101 .1 20250.12U 25.3 25.3

Nitrite as N mg/L 25 92 90-11093 .2 20250.12U 23.1 23.1

Orthophosphate as P mg/L 50 99 90-11099 .4 20500.25U 49.4 49.6
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3530933

PNRSII SE#6

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WETA/10279

EPA 300.0

EPA 300.0

300.0 IC Anions

Associated Lab Samples: 3530933001, 3530933002

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 205956

Associated Lab Samples: 3530933001, 3530933002

Matrix: Water

Analyzed

Sulfate mg/L 2.5U 5.0 05/20/11 10:40

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

205957LABORATORY CONTROL SAMPLE:

LCSSpike

Sulfate mg/L 52.250 104 90-110

Parameter Units

MS

Result

% Rec

Limits Qual% RecConc.

205958MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike

Result

3530932002

205959

MSD

Result

MSD

% Rec RPD RPD

Max

MSDMS

Spike

Conc.

Sulfate mg/L J(M1)100 114 90-110114 .1 2010055.5 170 170

Parameter Units

MS

Result

% Rec

Limits Qual% RecConc.

205960MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike

Result

3530932011

205961

MSD

Result

MSD

% Rec RPD RPD

Max

MSDMS

Spike

Conc.

Sulfate mg/L 250 102 90-110102 .1 2025012.5U 254 254
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3530933

PNRSII SE#6

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WETA/10284

EPA 350.1

EPA 350.1

350.1 Ammonia

Associated Lab Samples: 3530933001, 3530933002

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 206179

Associated Lab Samples: 3530933001, 3530933002

Matrix: Water

Analyzed

Nitrogen, Ammonia mg/L 0.020U 0.050 05/23/11 11:20

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

206180LABORATORY CONTROL SAMPLE:

LCSSpike

Nitrogen, Ammonia mg/L 1.01 103 90-110

Parameter Units

MS

Result

% Rec

Limits Qualifiers% RecConc.

206182MATRIX SPIKE SAMPLE:

MSSpike

Result

3530932010

Nitrogen, Ammonia mg/L 42.3 J(M1)5 -36 90-11044.1

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3530932010

206181SAMPLE DUPLICATE:

Nitrogen, Ammonia mg/L 39.7 10 2044.1
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3530933

PNRSII SE#6

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WETA/10288

EPA 351.2

EPA 351.2

351.2 TKN

Associated Lab Samples: 3530933001, 3530933002

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 206246

Associated Lab Samples: 3530933001, 3530933002

Matrix: Water

Analyzed

Nitrogen, Kjeldahl, Total mg/L 0.25U 0.50 05/26/11 09:48

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

206247LABORATORY CONTROL SAMPLE:

LCSSpike

Nitrogen, Kjeldahl, Total mg/L 20.720 104 90-110

Parameter Units

MS

Result

% Rec

Limits Qualifiers% RecConc.

206249MATRIX SPIKE SAMPLE:

MSSpike

Result

3530875016

Nitrogen, Kjeldahl, Total mg/L 21.420 103 90-1100.81

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3530875016

206248SAMPLE DUPLICATE:

Nitrogen, Kjeldahl, Total mg/L 0.87 7 200.81
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3530933

PNRSII SE#6

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WETA/10289

EPA 365.4

EPA 365.4

365.4 Phosphorus

Associated Lab Samples: 3530933001, 3530933002

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 206250

Associated Lab Samples: 3530933001, 3530933002

Matrix: Water

Analyzed

Phosphorus, Total (as P) mg/L 0.050U 0.10 05/26/11 10:43

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

206251LABORATORY CONTROL SAMPLE:

LCSSpike

Phosphorus, Total (as P) mg/L 4.04 101 90-110

Parameter Units

MS

Result

% Rec

Limits Qualifiers% RecConc.

206253MATRIX SPIKE SAMPLE:

MSSpike

Result

3530875016

Phosphorus, Total (as P) mg/L 4.44 99 80-1200.48

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3530875016

206252SAMPLE DUPLICATE:

Phosphorus, Total (as P) mg/L 0.48 .5 200.48
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3530933

PNRSII SE#6

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WETA/10368

EPA 410.4

EPA 410.4

410.4 COD

Associated Lab Samples: 3530933001, 3530933002

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 207633

Associated Lab Samples: 3530933001, 3530933002

Matrix: Water

Analyzed

Chemical Oxygen Demand mg/L 12.5U 25.0 05/26/11 13:35

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

207634LABORATORY CONTROL SAMPLE:

LCSSpike

Chemical Oxygen Demand mg/L 516500 103 90-110

Parameter Units

MS

Result

% Rec

Limits Qualifiers% RecConc.

207636MATRIX SPIKE SAMPLE:

MSSpike

Result

3530844001

Chemical Oxygen Demand mg/L 689500 80 90-110287

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3530844001

207635SAMPLE DUPLICATE:

Chemical Oxygen Demand mg/L 284 .8 20287
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QUALIFIERS

Pace Project No.:

Project:

3530933

PNRSII SE#6

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to changes in sample preparation, dilution of
the sample aliquot, or moisture content.

ND - Not Detected at or above adjusted reporting limit.

MDL - Adjusted Method Detection Limit.

S - Surrogate

1,2-Diphenylhydrazine (8270 listed analyte) decomposes to Azobenzene.

Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.

LCS(D) - Laboratory Control Sample (Duplicate)

MS(D) - Matrix Spike (Duplicate)

DUP - Sample Duplicate

RPD - Relative Percent Difference

NC - Not Calculable.

SG - Silica Gel - Clean-Up

U - Indicates the compound was analyzed for, but not detected.

N-Nitrosodiphenylamine decomposes and cannot be separated from Diphenylamine using Method 8270.  The result reported for
each analyte is a combined concentration.

Pace Analytical is NELAP accredited. Contact your Pace PM for the current list of accredited analytes.

LABORATORIES

Pace Analytical Services - Ormond BeachPASI-O

ANALYTE QUALIFIERS

Estimated Value. Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS)
recovery.

J(M1)
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Pace Project No.:

Project:

3530933

PNRSII SE#6

Lab ID Sample ID QC Batch Method QC Batch Analytical Method

Analytical

Batch

3530933001 FLD/DFT

3530933002 FLD/STE-PNRSII-T1

3530933001 WET/8661DFT SM 2320B

3530933002 WET/8661STE-PNRSII-T1 SM 2320B

3530933001 WET/8643DFT SM 2540D

3530933002 WET/8643STE-PNRSII-T1 SM 2540D

3530933001 WET/8637DFT SM 4500-S2F

3530933002 WET/8637STE-PNRSII-T1 SM 4500-S2F

3530933001 WET/8624 WET/8668DFT SM 5210B SM 5210B

3530933002 WET/8624 WET/8668STE-PNRSII-T1 SM 5210B SM 5210B

3530933001 WETA/10278DFT EPA 300.0

3530933002 WETA/10278STE-PNRSII-T1 EPA 300.0

3530933001 WETA/10279DFT EPA 300.0

3530933002 WETA/10279STE-PNRSII-T1 EPA 300.0

3530933001 WETA/10284DFT EPA 350.1

3530933002 WETA/10284STE-PNRSII-T1 EPA 350.1

3530933001 WETA/10288 WETA/10355DFT EPA 351.2 EPA 351.2

3530933002 WETA/10288 WETA/10355STE-PNRSII-T1 EPA 351.2 EPA 351.2

3530933001 WETA/10289 WETA/10356DFT EPA 365.4 EPA 365.4

3530933002 WETA/10289 WETA/10356STE-PNRSII-T1 EPA 365.4 EPA 365.4

3530933001 WETA/10368DFT EPA 410.4

3530933002 WETA/10368STE-PNRSII-T1 EPA 410.4
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PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 7 HAZEN AND SAWYER, P.C. 

PNRS II Test Facility 
Data Summary Report No. 7 

1.0 Background 
Task A of the Florida Onsite Sewage Nitrogen Reduction Strategies Study includes the 
evaluation of passive treatment systems to remove nitrogen from septic tank effluent. 
The Passive Nitrogen Removal Study II (PNRS II) is a follow-up to the previous experi-
mental evaluations of passive nitrogen removal technologies conducted in Passive Ni-
trogen Removal Study I. The objective of the PNRS II study is to extend the field pilot 
testing of the two-stage biofiltration process that was initiated in PNRS I.  A unique test 
facility was constructed for the purpose of this evaluation. The Task A.15 PNRS II Quali-
ty Assurance Project Plan (QAPP) documents the objectives, experimental biofiltration 
systems, monitoring framework, sample frequency and duration, and analytical methods 
to be used at the PNRS II Test Facility.  

2.0 Purpose 
This data summary report documents data that was collected in the PNRS II monitoring 
and sampling event which was conducted September 15, 2011.   The corresponding 
sample event report was submitted as Sample Event Report No. 7, September 2011, as 
a deliverable under Task A.25.  The monitoring event consisted of an assessment and 
evaluation of PNRS II operation, measurement of flowrates for all systems and flowrate 
adjustment if warranted, measurement of field parameters, collection of biofilter influent 
and effluent samples, and their analyses in a NELAC certified laboratory. 

3.0 Materials and Methods 

3.1 Project Site 
The PNRS II Test Facility is located at the University of Florida Gulf Coast Research and 
Education Center (GCREC) in southeast Hillsborough County, Florida. The specially de-
signed facility enables the simultaneous operation and performance monitoring of nu-
merous biofilter treatment trains using the same wastewater source.  The source of in-
fluent wastewater to all PNRS II biofilters is the septic tank effluent from the existing on-
site wastewater system serving the GCREC.  Details of the design and construction of 
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the PNRS II test facility were presented previously in Task A.17, A.18, A.19 and A.24 
documents.   

3.2 Modifications of PNRS II Systems Monitoring and Sampling Locations and Iden-
tification 

The results of Sample Event No. 1 through 6 and careful observation of PNRS II sys-
tems were used to formulate recommendations for modifications to the test systems at 
the GCREC pilot facility.  The modifications that were made following Sample Event No. 
6 are presented in this section.  All recommendations were based on the overall goal of 
PNRS II: to provide functional specifications for modular biofiltration components for 
passive onsite nitrogen reducing wastewater treatment systems.  

3.2.1 Modify Operation 
Following Sample Event No. 6, a track record of acceptable performance had been es-
tablished for many PNRS II systems and increasing the flowrates was recommended.  
The following modifications were made: 
 
Stage 1 Biofilters 

• Expanded clay and clinoptilolite media 
o increase loading rates: 

-Single pass: from 3 gal/ft2-day to 5 gal/ft2-day STE on June 28, 2011 
-Recycle:  from 3 gal/ft2-day to 6 gal/ft2-day STE on May 31, 2011 

 
Stage 2 Biofilters 

• Sulfur 
o increase loading rates: 

-Single pass coupled: single pass Stage 1 effluent 
from 5.6 to 9.3 gal/ft2-day; 25.7 to 15.4 hour mean pore water res-
idence time (MPWRT) on June 28, 2011 

-Horizontal: Stage 1 w/recycle combined effluent  
from 10 to 20 gal/ft2-day; 43 to 21.5 hour MPWRT on June 28, 
2011 
 

• Glycerol 
o increase loading rate:   

-from 10 to 20 gal/ft2-day; 43 to 21.5 hour MPWRT on June 28, 2011 
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3.3 Monitoring and Sampling Locations and Identification 
A schematic of the PNRS II test facility is shown in Figure 1.  Septic tank effluent (STE) 
from GCREC is pumped from PNRS II-STE-T1 into the PNRS II systems through five 
points of entry: Hydro-1 (Group I), Hydro-2 (Group II), UNSAT-IS-1, UNSAT-IS-2 and 
UNSAT-IS3.  PNRS II biofilters are grouped into the four types of systems shown in Fig-
ure 1, Group I, II, III and IV systems.  The nomenclature and reactor/sample identifica-
tion used for the PNRS II test facility sampling events are listed in Table 1. The sample 
designations listed in Table 1 also largely correspond to the locations at which flow vo-
lumes are measured in each sample event. 
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Figure 1 
PNRS II Test Facility System Schematic 
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Table 1 
PNRS II Sample Identification 

Group (Figure 1) Sample Location Sample Identification 
 STE PNRS II Storage Tank 1 PNRS II-STE-T1 

I 

Stage 1 Single Pass Biofilters 

UNSAT-EC1 
UNSAT-EC3 
UNSAT-CL1 
UNSAT-CL3 
UNSAT-CL5 

Stage 2 Single Pass Upflow Biofilters 

DENIT-SU4 
DENIT-LS3 
DENIT-SU3 
DENIT-LS2 
DENIT-LS4 

II 

Recirculation Tanks 

RC1 
RC2 
RC3 
RC4 

Stage 1 Recirculating Biofilters 

UNSAT-SA2 
UNSAT-EC4 
UNSAT-CL2 
UNSAT-CL4 

III 

Denite Feed Collection Tank DFT 

Stage 2 Horizontal Biofilters 

UNSAT-SU1 
UNSAT-SU2 
UNSAT-LS1 
UNSAT-GL1 

IV 

In-Situ In-Tank Simulator Single Pass Biofilter 

UNSAT-IS1 
UNSAT-IS2 
UNSAT-IS3 
UNSAT-IS4 

In-Situ In-Tank Simulator Single Pass Biofilter 
Sample Port 
(below EC & LS mixture and above SU layer) 

UNSAT-IS1-SP 
UNSAT-IS2-SP 
UNSAT-IS3-SP 
UNSAT-IS4-SP 

3.4 Operational Monitoring 
Start-up of the PNRS II test facility occurred on May 17, 2010 and all systems have op-
erated continually since that time.  The entire facility operation is checked at least once 
per week and a detailed log of operational observations and activities is maintained.  
The programmable logic controller (PLC) which controls many of the dosing and pump 
controls also records pump run times and flow data from flow meters at the facility, and 
these data can provide useful insight on facility operations.  In the period from the pre-
vious sampling event (Sample Event 6) to Sample Event 7, which is the subject of this 
report, all PNRS II systems generally operated as intended.  An exception was on Au-
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gust 11-15, 2011, on which date the programmable logic controller (PLC) was not oper-
ating likely due to a lightning storm.  The PLC controller was reactivated thereafter. 

3.5 Water Quality Sample Collection and Analyses  
Influent and effluent water quality samples from the PNRS II test systems for Sample 
Event 7 were collected September 15, 2011.  A sample of STE was collected from the 
feed line connecting STE Storage Tank 1 (PNRS II-STE-T1) to Hydrosplitter 1 which 
supplies STE to the single pass Stage 1 biofilters (Figure 1).  A manual dose event was 
initiated on the control panel until sufficient STE sample volume was collected in a clean 
sample container.  Stage 1, 2, and in-situ simulator biofilter and recirculation tank efflu-
ents were each sampled by directing the entire flow from the biofilter into a large, clean 
sample container over a period of time sufficient to obtain the desired sample volume 
(approximately 3.5 liters).  Sample containers were immediately placed in coolers on ice 
prior to subdivision of the composited sample.   
 
The composite samples in the 3.5 liter sample containers were then subdivided into 
analysis-specific sample containers.  The analysis-specific containers were supplied by 
the analytical laboratory and contained appropriate preservatives.  The analysis-specific 
containers were labeled, placed in coolers and transported on ice to the analytical labor-
atory. Each sample container was secured in packing material as appropriate to prevent 
damage and spills, and was recorded on chain-of-custody forms supplied by the labora-
tory.  Chain of custody forms were used to document the transfer of samples from field 
personnel to the analytical laboratory.  One chain of custody form was filled out for each 
set of samples and placed inside the cooler. 
 
Equipment blank, field blank, and field sample duplicates were taken.  The equipment 
blank was collected using a previously cleaned STE sample collection bottle.  The bottle 
was filled with distilled water provided by the laboratory and allowed to sit for eight mi-
nutes. The sample containers were then analyzed for the same parameters as the sam-
ples. The field blank was collected by filling sample containers with distilled water that 
had been transported from the laboratory into the field along with other sample contain-
ers.  The field sample duplicates were collected immediately subsequent to the regular 
samples from the same composite sample.  The duplicate sample containers for this 
event were filled with PNRS II T1-STE effluent, DENIT-LS3, DENIT-SU3 effluent, and 
DENIT-LS4 effluent. Additionally, laboratory split samples were collected immediately 
subsequent to the regular samples from the same composite sample. The laboratory 
split sample containers for this event were filled with PNRS II T1-STE effluent and UN-
SAT-IS1 effluent.   
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Field parameters were measured using portable electronic probes and included temper-
ature (Temp), dissolved oxygen (DO), oxidation-reduction potential (ORP), pH, and spe-
cific conductance. Temperature (Temp), dissolved oxygen (DO), and oxidation-reduction 
potential (ORP) were measured with probe tips placed in flow through samplers located 
directly in the outlet pipe at each sample location.  Specific conductance and pH were 
measured using external sample collection reservoirs.  The influent and effluent samples 
were analyzed by the laboratory for: total alkalinity, total Kjeldahl nitrogen (TKN-N), am-
monia nitrogen (NH3-N), nitrate nitrogen, (NO3-N), nitrite nitrogen (NO2-N), carbona-
ceous biochemical oxygen demand (CBOD5), total suspended solids (TSS), and fecal 
coliform (fecal).  For some of the denitrification biofilters containing elemental sulfur me-
dia, influent and effluent sample analyses were also conducted for sulfate (SO4) and hy-
drogen sulfide (H2S).  Table 2 lists the analytical parameters, analytical methods, and 
detection limits for these analyses. 
 

Table 2 
Analytical Parameters, Method of Analysis, and Detection Limits 

Analytical Parameter Method of Analysis Laboratory Detection Limit 
(mg/L) 

Total Alkalinity as CaCO3 SM 2320B 2 mg/L 
Total Kjeldahl Nitrogen (TKN-N) EPA351.2 0.05 mg/L 
Ammonia Nitrogen (NH3-N) EPA350.1 0.01 mg/L 
Nitrate/Nitrite Nitrogen (NOX-N) EPA353.2 0.01 mg/L 
Carbonaceous BOD (CBOD5) SM 5210B 2 mg/L 
Total Dissolved Solids (TDS) SM 2540C 10 mg/L 
Total Suspended Solids (TSS) SM 2540D 1 mg/L 
Chemical Oxygen Demand (COD) EPA 410.4 10 mg/L 
Orthophosphate as P EPA 300.0 0.01 mg/L 
Total Phosphorus (TP) SM 4500PE 0.01 mg/L 
Fecal Coliform (fecal) SM9222D 1 ct/100mL 
Sulfate (SO4) EPA300.0 0.2 mg/L 
Hydrogen Sulfide Unionized (H2S) SM4500S F 0.01 mg/L 
Sulfide SM4500S F 0.1 mg/L 
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3.6 Flow Monitoring  
Flow rates for all PNRS II systems were calibrated at initial start-up.  The flow rates are 
then measured and recorded at each sampling event and adjusted as necessary to 
maintain flow rates consistent with the experimental design following the sampling event.  
Flow volumes are measured just after sampling and field analyses and represent the 
flow rates in effect during the water quality monitoring.  Flow rates are then adjusted as 
necessary to correspond to the target flow rates in the experimental design. For this 
Sampling Event, influent flow volumes were measured on September 16, 2011 following 
the sampling event and reported in the Sampling Event No. 7 Report.  

4.0 Results and Discussion  

4.1 Operational Monitoring  
Start up of the PNRS II test facility occurred on May 17, 2010.  The test systems have 
been operated continuously since the May 17th start up, with the exception of occasional 
power interruptions or outages (see operation and maintenance log).  The power inter-
ruptions were of relatively short duration. For the most part, operation of the pilot biofil-
ters was fully and automatically resumed when power was restored. The only exceptions 
are the three peristaltic pumps: Pump 5 which supplies the two In-Situ simulators UN-
SAT-IS1 and IS2, Pump 10 which supplies the two column In-Situ simulators UNSAT-
IS3 and IS4, and Pump 11 which supplies the four horizontal flow denitrification biofil-
ters.  Initially, the peristaltic pumps displayed an error message and required manual 
restarting upon disruption of the power supply; their off times were somewhat longer 
than the other system pumps.  The peristaltic pump settings were saved through the 
power outage, and the same pump operation was resumed once the error code was ac-
knowledged. The peristaltic pumps have since been reprogrammed to start automatically 
in the event of temporary discontinuance of the power supply.  Appendix A provides the 
operation and maintenance log which includes actions taken since start-up. Appendix B 
provides summary tables of the PLC recorded data of daily runtimes and flows for the 
test facility between May 19th and September 14th (Day 367 through Day 485 since start-
up) used to check general pump operation and performance.  
 
The recycle rates to the recirculating systems are monitored and recorded in the PLC as 
Pumps 6, 7, 8, and 9 flows.  The data shows that the recycle flows are very close to the 
initially set 44 gpd rate for Pumps 6, 7, 8 and 9 prior to increasing the hydraulic loading 
rate, indicating that the desired recycle ratio of approximately 3:1 was being met.  For 
the increased loading rate timeframe, the data shows that the recycle flows are very 
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close to the target 147 gpd rate for Pumps 6, 7, 8 and 9, indicating that the desired re-
cycle ratio of approximately 5:1 was being met.    

4.2 Water Quality Analyses   
Water quality analytical results for Sample Event No. 7 are listed in Table 3.  Quality 
Control samples, including field blanks, equipment blanks, and external duplicate and 
lab split samples are also included in this table.  Results for the blanks were examined 
for obvious problems with sample contamination or improper decontamination of sam-
pling equipment.  Duplicate and split samples were examined for reproducibility, and 
where the differences were significant relative to the sample value, the laboratory was 
notified and requested to verify accuracy in reporting and reanalysis of the sample was 
requested if warranted.  Significant difference determinations for the various lab analys-
es were based upon a review of reproducibility data in Standard Methods and EPA 
guidelines as well as on experience of the project team and data accuracy requirements 
for this project.    
 
Table 4 shows the results of the QC sampling for this sample event, and a calculation of 
the percent difference between the sample value and the duplicate/split samples.  The 
sample results that are highlighted in this table were forwarded back to the laboratories 
for verification and potential reanalysis.   
 
The following discussion summarizes the water quality analytical results.  The laboratory 
report containing the raw analytical data is included in Appendix D.   

Influent Water Quality  The water quality characteristics of STE collected in Sample 
Event 7 were relatively weak as compared to previous STE samples collected earlier in 
the PNRS II study.  Sample Event 7 STE CBOD5 was quite low and much lower than   
the typical range generally expected for domestic STE.  The measured STE total nitro-
gen (TN) concentration was 26 mg/L, which is within the range that has been typically 
reported for Florida single family residence STE, but lower than previous samples from 
the GCREC system.  The performance of the various biofilter systems was compared by 
considering the changes through treatment of nitrogen species (TKN-N, NH3-N, and 
NOX-N), as well as supporting water quality parameters.                                                                            

Group I Single Pass Biofilters  Effluent NH3-N levels were below 0.5 mg/L for all five 
Stage 1 single pass biofilters and all DO levels were greater than 3.9 mg/L (Table 3). 
TSS and CBOD5 were 3 mg/L or below in all effluents.  Organic N ranged from 1.5 to 3.3 
mg/L in these same five systems. NOx-N increased significantly in all Stage 1 biofilter 
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effluents corresponding to the decrease in TKN from nitrification.  The five single pass 
biofilters performed exceptionally well in removing suspended solids and CBOD5 and in 
converting ammonium to oxidized nitrogen.  Effluent TN of all biofilters was similar to the 
influent TN, indicating that denitrification was very limited. 

NOX-N was less than 0.5 mg/L in the two single pass upflow denitrification biofilters that 
contained sulfur media., Effluent SO4 was higher in the biofilter containing 80% sulfur 
than in the biofilter with 30% sulfur.  NOx removal was incomplete in all upflow biofilters 
containing lignocellulosic media, with effluent NOx of 8 to 20 mg/L.  A higher percent of 
lignocellulosic media in the biofilter media appeared to be accompanied by higher NOx 
reductions.  

Group II Stage 1 Recirculating Biofilters  NH3-N levels were at or below 0.04 mg/L for 
all four recirculating Stage 1 biofilters, and effluent DO was 6.2 to 7.2 mg/L.  Effluent 
NOx-N ranged from 14 to 18 mg/L and organic N from 1.5 to 1.6 mg/L.  The nitrification 
performance of these biofilters was quite acceptable and TN reduction from recirculation 
(pre-denitrification) averaged 31%.  TSS and CBOD5 were 10 mg/L or below in all efflu-
ents.  
 
Group III Stage 2 Horizontal Biofilters  Influent NOx-N to these biofilters (from the de-
nite feed tank (DFT)) was 16 mg/L. Effluent NOx-N was 0.25 mg/L and less in all four 
Stage 2 horizontal biofilters.  The low NOx-N were accompanied by < 0.3 mg/L DO and 
ORP of -284 to –366 mV.  All horizontal biofilters were highly effective in producing a 
reducing environment and achieving their NOx-N reduction goals.  DENIT-LS1 with the 
new lignocellulosic media exhibited complete denitrification, with effluent NOx-N of 0.24 
mg/L.   
 
Group IV In-Situ Simulator Systems For UNSAT-IS1, effluent TKN and NH3-N were 21 
and 8 mg/L, respectively, indicating incomplete ammonification and nitrification.  All four 
in-situ simulator systems exhibited low effluent NOx-N of less than 1.0 mg/L.  In-situ si-
mulator effluent SO4 concentrations were 53, 120, 200 and 110 mg/L, for IS1, IS2, IS3 
and IS4 respectively.  For IS3-SP and IS4-SP, the sample taken above the denitrification 
media saturated sulfur layer, NH3-N was 0.06 and 0.86 mg/L, respectively, indicating 
fairly complete nitrification by this point in the media sequence.      
 
UNSAT-IS 4 receives a nitrified influent from UNSAT-CL3 with NO3-N of 24 and NO3-N 
was 1.2 mg/L at the monitoring point above the sulfur layer.  This suggests that nitrate 
removal was occurring above the sulfur layer.   
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Table 3 
Water Quality Analytical Results 

            

 
Group 

(Figure 1)
Sample ID Media Composition Analytical Laboratory

Sample 
Date/Time

Sample 
Type

Temp 
(°C)

pH
Total 

Alkalinity 
(mg/L)

DO      
(mg/L)

ORP 
(mV)

Specific 
Conductance 

(µS)

TDS 
(mg/L)

TSS 
(mg/L)

CBOD5 

(mg/L)
COD

TN       

(mg/L N)1
TKN      

(mg/L N)

Organic N 

(mg/L N)2
NH3-N 

(mg/L N)

NO3-N 

(mg/L N)

NO2-N 

(mg/L N)

NOx 
(mg/L N)

TIN        

(mg/L N)3
Sulfide 
(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

Fecal     
(Ct/100 

mL)
STE Sample
PNRS II STE-Tank 1 Southern 15-Sep-11 11:50 G 28.4 7.4 240 4 262.2 820 15 35 97 26.02 26 4 22 0.01 0.01 0.02 22.02 5.6 1.6 31 8400
PNRS II STE-Tank 1-D Southern 15-Sep-11 11:55 G 28.4 7.4 250 4 262.2 820 20 30 93 25.02 25 2 23 0.01 0.01 0.02 23.02 5.5 1.5 32 8900
PNRS II STE-Tank 1-D2 Pace 15-Sep-11 11:50 G 28.4 7.4 258 4 262.2 820 327 7 37.4 132 27.55 27.5 1.8 25.7 0.025 0.025 0.05 25.75 1.3 34.5
Stage 1 Single Pass Biofilters  Effluent
UNSAT-EC1 15" Expanded Clay Southern 15-Sep-11 11:45 G 28.8 7 140 3.9 57.6 810 2 2 10 25.9 3.8 3.26 0.54 22 0.1 22.1 22.64 0.1 0.01 55 690
UNSAT-EC3 30" Expanded Clay Southern 15-Sep-11 11:40 G 28.7 7.1 160 5.6 25.3 826 1 2 10 23.91 1.9 1.88 0.023 22 0.01 22.01 22.033 3
UNSAT-CL1 15" Clinoptilolite Southern 15-Sep-11 11:35 G 28.7 7.4 130 6.6 42.9 825 2 2 10 26.01 2 1.98 0.016 24 0.01 24.01 24.026 0.1 0.01 53 40
UNSAT-CL3 30" Clinoptilolite Southern 15-Sep-11 11:30 G 28.2 7.3 190 6.4 24.8 903 3 2 10 25.51 1.5 1.48 0.02 24 0.01 24.01 24.03 120
UNSAT-CL5 30" Clinoptilolite Southern 15-Sep-11 11:20 G 28.8 7.5 140 6.7 14.3 817 2 2 10 26.51 1.5 1.48 0.018 25 0.01 25.01 25.028 410
Stage 2 Single Pass  Upflow Biofilters Effluent
DENIT-SU4 10% Limestone; 30% Sulfur; 60% Expanded Clay Southern 15-Sep-11 10:00 G 26.8 7.2 140 0.1 -355.8 1004 3 8 10 3.13 2.9 1.40 1.5 0.22 0.01 0.23 1.73 1.4 0.49 260 740
DENIT-LS3-REV 50% New Lignocellulosic; 50% Sand Southern 15-Sep-11 09:50 G 27.2 7.4 220 2.3 -159.6 739 4 2 10 10.91 1.3 1.27 0.033 9.1 0.51 9.61 9.643 3
DENIT-LS3-REV-D 50% New Lignocellulosic; 50% Sand Southern 15-Sep-11 09:55 G 27.2 7.4 210 2.3 -159.6 739 3 2 10 9.96 1.3 1.27 0.03 8.2 0.46 8.66 8.69 2
DENIT-SU3 80% Sulfur; 20% Oyster Shell Southern 15-Sep-11 09:40 G 27 7.4 150 0.1 -354.9 1126 2 6 10 1.53 1.3 0.75 0.55 0.22 0.01 0.23 0.78 0.98 0.26 320 30
DENIT-SU3-D 80% Sulfur; 20% Oyster Shell Southern 15-Sep-11 09:45 G 27 7.4 140 0.1 -354.9 1126 6 6 10 1.75 1.5 0.99 0.51 0.24 0.01 0.25 0.76 0.78 0.21 330 20
DENIT-LS2-REV 25% New Lignocellulosic; 75% Expanded Clay Southern 15-Sep-11 09:35 G 26.8 7.5 220 3.1 19.1 862 2 2 10 22.37 1.9 1.86 0.039 20 0.47 20.47 20.509 4
DENIT-LS4-REV 30% New Lignocellulosic; 70% Expanded Clay Southern 15-Sep-11 09:25 G 26.3 7.7 200 3.3 21.5 809 1 2 10 17.99 1.6 1.58 0.023 16 0.39 16.39 16.413 16
DENIT-LS4-REV-D 30% New Lignocellulosic; 70% Expanded Clay Southern 15-Sep-11 09:30 G 26.3 7.7 200 3.3 21.5 809 1 2 10 17.91 1.4 1.38 0.021 16 0.51 16.51 16.531 14
Recirculation Tanks Effluent
RC1 Southern 15-Sep-11 10:05 G 26.8 7.3 150 0.3 -119.8 706 3 4 15 16.51 2.5 1.2 1.3 14 0.01 14.01 15.31 4300
RC2 Southern 15-Sep-11 10:10 G 26.3 7.2 140 0.7 -123.4 696 1 4 10 17.31 5.3 2.3 3 12 0.01 12.01 15.01 4600
RC3 Southern 15-Sep-11 10:15 G 25.8 7.3 140 0.1 -128.6 713 1 5 10 16.45 3.1 0.1 3 13 0.35 13.35 16.35 3600
RC4 Southern 15-Sep-11 10:20 G 26.6 7.4 180 0.1 -129.3 750 1 4 10 12.41 2.8 0.2 2.6 9.6 0.01 9.61 12.21 4900
Stage 1 Recirculating Biofilters Effluent
UNSAT-CL4 30" Clinoptilolite Southern 15-Sep-11 08:55 G 26.3 7.4 170 7.2 28.7 767 5 2 10 15.61 1.6 1.56 0.037 14 0.01 14.01 14.047 5
UNSAT-CL2 15" Clinoptilolite Southern 15-Sep-11 09:10 G 26.1 7.2 120 6.2 29.9 697 10 2 18 18.51 1.5 1.48 0.023 17 0.01 17.01 17.033 760
UNSAT-EC4 30" Expanded Clay Southern 15-Sep-11 09:20 G 26 7 110 7.1 51.7 693 1 2 10 18.51 1.5 1.48 0.021 17 0.01 17.01 17.031 50
UNSAT-SA2 30" Sand Southern 15-Sep-11 09:00 G 26 7 130 6.7 8 687 1 2 10 19.61 1.6 1.58 0.017 18 0.01 18.01 18.027 70
Denite Feed Tank (Tank 3)
DFT Southern 15-Sep-11 08:20 G 25.8 7.4 130 6.8 6.2 711 1 2 10 17.71 1.7 1.68 0.016 16 0.01 16.01 16.026 0.1 0.01 58 66
DFT-D Southern 15-Sep-11 08:25 G 25.8 7.4 120 6.8 6.2 711 2 2 10 17.81 1.8 1.77 0.034 16 0.01 16.01 16.044 0.2 0.06 58 71
Stage 2 Horizontal Biofilters Effluent
DENIT-SU1 80% Sulfur; 20% Oyster Shell Southern 15-Sep-11 07:45 G 22 7 170 0.2 -365.9 1009 1 41 89 2.65 2.4 1.20 1.2 0.24 0.01 0.25 1.45 30 14 200 9
DENIT-SU2 10% Limestone; 30% Sulfur; 60% Expanded Clay Southern 15-Sep-11 07:50 G 22.5 7 170 0.1 -343.5 961 1 27 40 8.24 8 5.80 2.2 0.23 0.01 0.24 2.44 24 11 210 10
DENIT-LS1-REV 50% New Lignocellulosic; 50% Expanded Clay Southern 15-Sep-11 07:55 G 22.2 7.2 210 0.3 -284.3 644 2 9 24 0.62 0.38 0.36 0.02 0.23 0.01 0.24 0.26 1
DENIT-GL1 12" Gravel; 60" Expanded Clay Southern 15-Sep-11 08:00 G 22.5 6.6 330 0.1 -283.5 794 5 13 20 0.94 0.7 0.43 0.27 0.23 0.01 0.24 0.51 140
In-situ Simulator Biofilters Effluent
UNSAT-IS1 (receives STE) 4" Coarse Sand; 8" Fine Sand; 12" Mix (60% EC, 40% New Ligno); 4" Sulfur Southern 16-Sep-11 12:05 G 13.4 6.8 280 9.5 -158.3 831 3 6 44 21.24 21 13.00 8 0.23 0.01 0.24 8.24 1.2 0.7 53 42
UNSAT-IS1-D (receives STE) 4" Coarse Sand; 8" Fine Sand; 12" Mix (60% EC, 40% New Ligno); 4" Sulfur Pace G 13.4 6.8 273 9.54 -158.3 831 6.4 53.7 10.55 10.5 1.10 9.4 0.025 0.025 0.05 9.45 1.1 89.2
UNSAT-IS2-SP (receives STE) 16-Sep-11 11:55 G 29.3 6.3 130 1.4 -130.9 667 4 7 71 1.82 1.8 1.52 0.28 0.01 0.01 0.02 0.3 1.8 1.5 72 1
UNSAT-IS2 (receives STE) 4" EC>1.53mm; 8" EC As-Is; 12" Mix (60% EC, 40% New Ligno); 4" Sulfur Southern 16-Sep-11 12:10 G 10.1 7 240 7.7 -59.6 865 4 9 130 2.04 1.8 1.41 0.39 0.23 0.01 0.24 0.63 1.8 0.86 120 1
UNSAT-IS3-SP (receives STE) Above 4" Sulfur layer Southern 16-Sep-11 16:00 G 59 2 7 44 21.4 3.4 3.34 0.061 18 18.061 0.1 0.01 75 1
UNSAT-IS3 (receives STE) 4" CL 8X14; 8" CL 16X50; 12" Mix (60% EC, 40% New Ligno); 4" Sulfur Southern 16-Sep-11 12:10 G 22.9 7.49 180 8.23 -13.9 923 8 3 48 2.71 1.7 1.21 0.49 0.68 0.33 1.01 1.5 0.1 0.01 200 1

UNSAT-IS4-SP (receives UNSAT-CL3 NO3) Above 4" Sulfur layer Southern 16-Sep-11 11:55 G 270 2 5 61 3.3 2.1 1.24 0.86 1.2 2.06 0.1 0.01 63 1

UNSAT-IS4 (receives UNSAT-CL3 NO3) 4" Coarse Sand; 8" Fine Sand; 12" Mix (60% EC, 40% New Ligno); 4" Sulfur Southern 16-Sep-11 12:10 G 22.4 6.75 400 2.11 -222.7 1136 6 2 69 2.04 1.8 1.21 0.59 0.23 0.01 0.24 0.83 0.1 0.01 110 1
Field Blank Reagent Water Southern 15-Sep-11 11:10 26 8.2 9.9 7.9 11.2 36 1 2 10 0.07 0.05 0.05 0.005 0.01 0.01 0.02 0.025 1
Equipment Blank Reagent Water - Cleaned STE Bottle #1 Southern 15-Sep-11 11:00 25.9 7.8 9.9 7.9 7.7 32 1 2 10 0.07 0.05 0.05 0.005 0.01 0.01 0.02 0.025 1

Blue-shaded data points indicate matrix spike was outside typical range. All other QC criteria were acceptable.

D.O. - Dissolved oxygen
G - Grab sample
Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.
Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.
Orange - shaded data points indicate too many colonies were present.  The numberic value represents the dilution factor times the maximum reportable number of colonies.
Purple-shaded data points indicate results based upon colony counts outside the method indicated ideal range.

EC: expanded clay, CL: clinoptilolite, PS: polystyrene, SU: elemental sulfur, LS: lignocellulosic, GL: glycerol, OS: oyster shell, NS: sodium sesquicarbonate, GR: gravel

I

II

III

IV

Notes:
1Total Nitrogen (TN) is a calculated value equal to the sum of TKN and NOX
2Organic Nitrogen (ON) is a calculated value equal to the difference of TKN and NH3
3Total Inorganic Nitrogen (TIN) is a calculated value equal to the sum of NH3 and NOX
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Table 4 
Sample Event No. 7 External QC Sample Results 

            

 
 
 
 
 
 
 
 
 
 
 
 

 1STE lab sample and duplicate sample agree, therefore the STE split sample is eliminated.  

 

 
 

Sample ID

Value % diff Value % diff Value % diff Value % diff Value % diff Value % diff Value % diff Value % diff Value % diff
STE Lab 240 15 35 26 22 0.01 0.01 31 8400
STE Dup 250 4.2% 20 33.3% 30 -14.3% 25 -3.8% 23 4.5% 0.01 MDL 0.01 MDL 32 3.2% 8900
STE Split 258 7.5% 7 -53.3% 37.4 6.9% 27.5 5.8% 25.7 16.8% 0.025 MDL 0.025 MDL 34.5 11.3%
LS3 Lab 220 4 2 1.3 0.033 9.1 0.51 3
LS3 Dup 210 -4.5% 3 -25.0% 2 MDL 1.3 0.0% 0.03 -9.1% 8.2 -9.9% 0.46 -9.8% 2
SU3 Lab 150 2 6 1.3 0.55 0.22 0.01 MDL 320 30
SU3 Dup 140 -6.7% 6 200.0% 6 0.0% 1.5 15.4% 0.51 -7.3% 0.24 9.1% 0.01 MDL 330 3.1% 20
LS4 Lab 200 1 2 1.6 0.023 16 0.39 16
LS4 Dup 200 0.0% 1 0.0% 2 MDL 1.4 -12.5% 0.021 -8.7% 16 0.0% 0.51 30.8% 14
DFT Lab 130 1 2 1.7 0.016 16 0.01 58 66
DFT Dup 120 -7.7% 2 100.0% 2 MDL 1.8 5.9% 0.034 112.5% 16 0.0% 0.01 MDL 58 0.0% 71
IS1 Lab 280 3 6 21 8 0.23 0.01 53 42
IS1 Split 273 -2.5% 6.4 6.7% 10.5 -50.0% 9.4 17.5% 0.025 MDL 0.025 MDL 89.2 68.3%

Field Blank 9.9 1 2 0.05 0.005 0.01 0.01 1
Equipment Blank 9.9 1 2 0.05 0.005 0.01 0.01 1

NO2-N              

(mg/L N)

SO4                        

(mg/L)
Fecal

Total Alkalinity 
(mg/L)

TSS               
(mg/L)

CBOD5                 

(mg/L)

TKN               
(mg/L N)

NH3-N             

(mg/L N)

NO3-N             

(mg/L N)
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4.3 Stage 2 Denitrification Biofilter Profiles  
Sample ports were installed along the length of the horizontal Stage 2 denitrification bio-
filters to enable longitudinal profiling of nitrogen species and other water quality parame-
ters.  The four horizontal Stage 2 biofilters (DENIT-SU1, DENIT-SU2, DENIT-LS1 and 
DENIT-GL1) are configured as 6 inch diameter columns of 72 inch media depth and  re-
ceive as influent the composited effluent of the four Stage 1 recirculation systems.  
Sample ports were installed at 12 inch increments along the length of the biofilters, 
enabling six point longitudinal profiling.  Figures 2 through 5 depict the NOx-N and sul-
fate (for sulfur media) concentrations along the longitudinal profile of these four biofilters 
for the sample events on September 15 and 16, 2011. The two sulfur containing biofil-
ters reduced the NOx-N concentration to non-detect levels within the first 24 inches (Fig-
ures 2 and 3), while substantially complete NOx-N removal in the lignocellulosic media 
biofilter was accomplished at 72 in. (Figure 4).  The glycerol biofilter achieved complete 
NOx-N reduction within 12 inches of the inlet (Figure 5).  Effluent sulfate levels for the 
sulfur containing biofilters are shown in Figures 2 and 3.  In both cases, sulfate levels 
increase in the entrance region of the biofilter where nitrate (and presumably molecular 
oxygen) is being depleted.  An increase in sulfate levels is not seen along the biofilter 
length in regions where external electron acceptors have been depleted. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

1Biofilter contains 80% sulfur / 20% oyster shell mixture. 

Figure 2: DENIT-SU1 Longitudinal Profile 
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1Biofilter contains 10% limestone / 30% sulfur / 60% expanded clay mixture. 
Figure 3: DENIT-SU2 Longitudinal Profile 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1Biofilter contains 50% new lignocellulosic / 50% expanded clay mixture.  
Figure 4: DENIT-LS1 Longitudinal Profile 
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1Biofilter contains 12” gravel, 60” expanded clay, glycerol is added to influent. 

Figure 5: DENIT-GL1 Longitudinal Profile 
 
Sample ports were installed at different media depths in the upflow Stage 2 denitrifica-
tion biofilters (DENIT-SU3, DENIT-SU4, DENIT-LS2, DENIT-LS3 and DENIT-LS4) to 
enable depth profiling of nitrogen species and other water quality parameters.  The five 
Stage 2 upflow biofilters are directly connected to the single pass Stage 1 biofilters and 
are configured as 22 inch diameter circular upflow filters of 24 inch media depth.  Sam-
ple ports were installed at 3, 7, 12, and 18 inch increments along the length of the biofil-
ter, enabling five point longitudinal profiling.  Figures 6 through 10 depict the NOx-N and 
sulfate (for sulfur media) concentrations along the longitudinal profile of these five biofil-
ters for the sample events on September 15 and 16, 2011. As shown in Figures 6 and 7, 
both the Stage 2 upflow biofilters which contain sulfur media reduced the NOx-N concen-
tration to almost non-detect levels within the first 3 inches.  The three lignocellulosic up-
flow biofilters did not reduce the NOx-N concentration to non-detect levels in the final ef-
fluent (Figures 8, 9 and 10).  However, the profile sample taken at 18 inches from the 
inlet indicates almost complete denitrification. The reason for this difference is unknown, 
but one possible explanation is that the final effluent sample was collected as part of the 
sample event the day before the profile samples were taken. In the upflow biofilters with 
sulfur media, the sulfate concentration increased rapidly in the entrance regions of steep 
NOx gradients but was more constant after NOx was depleted. 
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1Biofilter contains 80% sulfur / 20% oyster shell mixture. 

Figure 6: DENIT-SU3 Longitudinal Profile 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

1Biofilter contains 10% limestone / 30% sulfur / 60% expanded clay mixture. 

Figure 7: DENIT-SU4 Longitudinal Profile 
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1Biofilter contains 25% new lignocellulosic / 75% expanded clay mixture. 

Figure 8: DENIT-LS2 Longitudinal Profile 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
1Biofilter contains 50% new lignocellulosic / 50% sand mixture. 

Figure 9: DENIT-LS3 Longitudinal Profile 
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1Biofilter contains 30% new lignocellulosic / 70% expanded clay mixture. 

Figure 10: DENIT-LS4 Longitudinal Profile 

4.4 Flow Monitoring  
Influent and effluent flows were measured, recorded, and adjusted as necessary to 
maintain flow rates consistent with the experimental design following the sampling event. 
Flow measurements and adjustments are made following collection of liquid samples 
and field parameter analyses.   
 
A flow test was conducted September 16, 2011. These flow measurements are consi-
dered to represent those in effect leading up to and during Sample Event 7.  The meas-
ured volumes and relative errors between measured and target flow rates are presented 
in Appendix C, Table 1.  For the Group I systems, the measured STE inputs to the five 
Stage 1 biofilters were within 15% of the target volume. Measured effluent volumes for 
Stage 1 single pass biofilters (Stage 2 influent) for the five biofilters were within 17% of 
the target volume for four of the five systems (Table C.1).  The UNSAT-SU3 biofilter in-
fluent was 24% higher than the target volume indicating that there may be a plug in the 
influent line.  
 
For the Group II systems, all measured STE volumes to the Stage 1 recirculation tanks 
were within 9% of target volumes. The four recycle flow volumes as recorded by the PLC 
were within 5% of target volumes based on the increased experimental design recycle 
ratio of 5.0.  The calculated recycle ratios (i.e. recycle flow volume divided by the STE 
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flow volume) for the four recirculation systems were within 15% of the target recycle ratio 
of 5.0.   
 
For Group III systems, the measured influent volumes to the Stage 2 horizontal denitrifi-
cation biofilters were all within 2% of target.   
 
For Group IV biofilters, the UNSAT-IS1 measured influent volume was within 36% of the 
target volume. The UNSAT-IS2 measured influent volume was within 65% of the target 
volume. Both of these biofilters are dosed using the same pump and were not within the 
target volume. The UNSAT-IS3 and UNSAT-IS4 measured influent volumes were within 
5% of target volumes.  

5.0 PNRS II Sample Event No. 7: Summary and Recommendations 

5.1 Summary  
The results of the seventh sampling event serve to confirm that the experimental sys-
tems are functioning as intended and provide the basis upon which to make system ad-
justments and modifications.  The Sample Event No. 7 results indicate that: 

• Delivered flowrates to all biofilters (except IS3 and IS4) continued to be within 
15% of target; 

• Septic tank effluent (STE) quality supplied to PNRS II systems has been reason-
ably characteristic of typical household STE quality due to system modifications, 
but concentrations of CBOD5 and nitrogen decreased in this sample event; 

• All nine Stage 1 unsaturated biofilters produced effluent NH3-N of 0.5 mg/L or 
less; 

• Six out of nine Stage 2 saturated biofilters produced effluent NOx-N of 0.25 mg/L 
or less;  

These results provide continuing support of the nitrogen reduction potential of the PNRS 
II biofiltration systems.   
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5.2 Recommendations  
Sample Event 7 was the last funded sample event for the PNRS II test facility.  The pas-
sive biofiltration systems being evaluated in PNRS II have great potential to be sustaina-
ble and low cost nitrogen removal systems that are appropriate for small, local scale 
wastewater treatment in Florida. A critical technology development question is how long 
passive biofiltration systems will operate while successfully removing nitrogen.  Long 
term operation is the only way to address this critical issue.  It is recommended to keep 
the PNRS II systems operational for Groups I and III. The project team will be able to 
monitor operation of the PNRS II systems while monitoring the soil and groundwater test 
facility also located at GCREC.  However, significant maintenance requirements will not 
be performed, and there is no additional funding at this time for additional water quality 
analyses.  
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Appendix A: Operation & Maintenance Log 

Table A.1 
Operation and Maintenance Log 

Date Description 
5/17/2010 Start-up 
5/20/2010 Pump 1 not in Auto, LL float alarm, refilled Tank 1 to HIGH float 
5/24/2010 Glycerol batch #1 prepared (125 mL glycerol; 1875 mL DI water), feed rate ~ 8 mL/dose 
5/26/2010 LL float alarm, refilled Tank 1 to HIGH float 

6/1/2010 Replaced glycerol tubing 
6/4/2010 LL float alarm, refilled Tank 1 to HIGH float, determined that LOW float is faulty 

Revised floats so that old Low Float is now High float  
Revised program installed so that only LOW Float turns on/off Pump 1 

6/8/2010 Glycerol batch #2 prepared (125 mL glycerol; 1875 mL DI water), feed rate ~ 8 mL/dose 
6/18/2010 Pump 1 screen cleaned with hose 
6/21/2010 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 

Pump 8 was on "OFF", turned back to "AUTO" 
6/22/2010 Pump 5 had turned off, turned back on at 9:32 am 
6/28/2010 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 

Replaced glycerol tubing, kink in top, added elbow 
Russ replaced existing GCREC mound Pump 2 ~ 11:00 am 
All Systems Flow Check 

7/1/2010 Sample Event #1 
7/2/2010 Pump 1 screen cleaned with hose 
7/8/2010 Glycerol tubing had released to bottom of container, replaced with polyethylene tubing 

Tank 1 LOW Float alarm, revised magnet distance to shorten Pump 1 runtime 
Pump 1 screen cleaned with hose 

7/12/2010 Pump 5 Error Code 18, cleared alarm and restarted pump 
7/14/2010 UPS beeping, problem with receptacle, temporary fix with extension cord 
7/15/2010 Electrician fixed receptacle 
7/16/2010 Per Dr. Stanley all condensate flow diverted from septic system 

Russ fixed existing GCREC Mound Pump 2 which had not been running 
Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 
Glycerol batch #3 prepared (125 mL glycerol; 1875 mL DI water), feed rate ~ 8 mL/dose 
Capillary mat added to PS-1  
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FLORIDA DEPARTMENT OF HEALTH PAGE A-2 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 7 HAZEN AND SAWYER, P.C. 

 

7/19/2010 IS 1 changed discharge (rotated 180°) now 15 inches of saturation from bottom of tank  
7/20/2010 IS 2 changed discharge (rotated 180°) now 15 inches of saturation from bottom of tank  
7/26/2010 Removed PS1 capillary mat from inside mesh bag, replaced with new mat on top of bag 

Glycerol batch #4 (70 mL glycerol; 1930 mL DI water), feed rate ~ 10 mL/dose 
8/3/2010 Glycerol batch #5 (70 mL glycerol; 1930 mL DI water), feed rate ~ 10 mL/dose 
8/4/2010 Cleaned crosses in Stage 1 Recirculating Biofilters 

Added tees to outlet of RC1 and RC4 tanks to alleviate blockage build-up 
Replaced Hydrosplitter 1 & 2 tubing 
Replaced Stage 2 horizontal tubing from Pump 11 
Cleaned Stage 2 horizontal sample ports 
Lowered Pump 1 Low Float 2 wraps to decrease volume in tank( decrease residence 
time) 

8/10/2010 Glycerol batch #6 (70 mL glycerol; 1930 mL DI water), feed rate ~ 10 mL/dose 
Raised Pump 1 Low Float 1 wrap because float down was below the hole  

8/12/2010 Revised tubing connection at top of In-Situ simulator tanks to elbow  
8/17/2010 Glycerol batch #7 (70 mL glycerol; 1930 mL DI water), feed rate ~ 10 mL/dose 

Added tees to outlet in RC2 and RC3 tanks as well 
Revised RC tanks discharge piping to flexible hose   

8/19/2010 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 
8/23/2010 Possible leak detected at Recirc Tank #2 for P7 
8/27/2010 Glycerol batch #8 (70 mL glycerol; 1930 mL DI water), feed rate ~ 10 mL/dose 
8/31/2010 Sample Event #2 

9/1/2010 Replaced elbow for Recirc Tank #2 (STE tubing) to fix leak 
All Systems Flow Check 

9/7/2010 Glycerol batch #9 (70 mL glycerol; 1930 DI water), feed rate ~ 10 mL/dose 
Removed PS1 capillary mat 

9/9/2010 Replaced Pump 5 pump tubing 
9/10/2010 Cut the LS4 inlet pipe and used a drain snake to unclog both elbows 
9/13/2010 Glycerol batch #10 (70 mL glycerol; 1980 DI water), feed rate ~ 10 mL/dose 
9/17/2010 Modified Pump 7 runtime to 15 seconds per dose 
9/21/2010 Reconnected the glycerol tubing between bottle and pump head which had separated 

Added sample ports to recirculation pump tank discharge lines for flow measurement  
9/28/2010 Glycerol batch #11 (70 mL glycerol; 1930 DI water), feed rate ~ 10 mL/dose 

New clear glycerol bottle with graduated sides, replaced tubing 
10/5/2010 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 
10/6/2010 Glycerol batch #12 (30 mL glycerol; 1970 DI water), feed rate ~ 10 mL/dose 
10/7/2010 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 
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FLORIDA DEPARTMENT OF HEALTH PAGE A-3 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 7 HAZEN AND SAWYER, P.C. 

 

10/8/2010 Modified Pump 1 discharge pipe to extend through Tank 1 hole in baffle wall 
10/11/2010 DENIT-GL-1 nitrified STE influent tubing had disconnected, reattached 

Calibrated IS1 and IS2 tubing 
Calibrated Stage 2 horizontal tubing 

10/14/2010 Glycerol batch #13 (30 mL glycerol; 1970 DI water), feed rate ~ 10 mL/dose 
Built new in-situ columns IS3 and IS4 

10/15/2010 Unclogged PS1 discharge pipe 
Cleaned Pump 1 intake screen 
Lowered Pump 1 Low Float 1 wrap to decrease volume in tank 

10/18/2010 Completed IS3 and IS4 piping, started dosing  @ 9:30 am 
Added 3” coarse sand to UNSAT-IS1 for complete nitrification 

10/19/2010 Started dye test DENIT-LS2 and DENIT-LS3 
Lowered Pump 1 Low Float 1 wrap to decrease volume in tank( to decrease residence 
time) 

10/20/2010 Calibrated IS3 and IS4 tubing  
Glycerol batch #14 (15 mL glycerol; 985 DI water), feed rate ~ 10 mL/dose 

10/22/2010 Moved Pump 1 to effluent baffle tee of existing GCREC Tank 1 
Converted UNSAT-PS1 to recirculating biofilter 

10/25/2010 Glycerol batch #15 (15 mL glycerol; 985 DI water), feed rate ~ 10 mL/dose 
DENIT-SU4 media ~5.5" below initial level 
Removed DENIT-SU4, DENIT-SU2 and DENIT-LS2 media 
Cleaned tanks 
Replaced DENIT-SU2 media (30% sulfur, 10% limestone, 60% expanded clay mixture) 
Replaced DENIT-SU4 media (30% sulfur, 10% limestone, 60% expanded clay mixture) 
Replaced DENIT-LS2 media (25% lignocellulosic, 75% expanded clay mixture) 

10/27/2010 Glycerol batch #16 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
11/1/2010 Glycerol batch #17 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
11/5/2010 Glycerol batch #18 (27 mL glycerol; 986.5 DI water), feed rate ~ 10 mL/dose 

11/10/2010 Sample Event #3 
11/11/2010 Glycerol batch #19 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
11/18/2010 Glued UNSAT-IS3 and UNSAT-IS4 discharge piping to stop potential leaks 

Glycerol batch #20 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
Calibrated UNSAT-IS3 and IS4 tubing 

11/19/2010 All Systems Flow Check 
11/24/2010 Glycerol batch #21 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
11/29/2010 Glycerol batch #22 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 

Threaded and glued UNSAT-IS3 and UNSAT-IS4 petcock valves 
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FLORIDA DEPARTMENT OF HEALTH PAGE A-4 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 7 HAZEN AND SAWYER, P.C. 

 

12/1/2010 Tank 1 low-low float alarm activated, high float had activated in Tank 1 preventing   
Pump 1 to run. Cleared both alarms 

12/3/2010 Cleared plug in DENIT-LS4 influent piping 
Replaced Hydrosplitter 1 & 2 tubing 
Replaced Pump 11 pump and system tubing 
Replaced Pump 5 pump and system tubing 
Glycerol batch #23 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 

12/7/2010 Hydrosplitter 1 Flow Check 
Calibrated UNSAT-IS3 and IS4 tubing 

12/10/2010 Glycerol batch #24 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
12/13/2010 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 
12/14/2010 Increased Pump 15 runtime to 6:1 recycle rate 
12/17/2010 Glycerol batch #25 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
12/22/2010 UNSAT-IS3 and IS4 effluent samples sent to Southern 
12/23/2010 DENIT-LS4, LS2, SU3, LS3, and SU4 effluent sample to Southern 

Glycerol batch #26 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
12/27/2010 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 
12/30/2010 Hydrosplitter 1 Flow Check 

Glycerol batch #27 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
All Systems Flow Check 

1/6/2011 Glycerol batch #28 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
1/11/2011 UNSAT-IS3 and IS4 effluent Sample Event #4 samples sent to Southern 

Ponding at surface of UNSAT-IS1 and IS2 
Cleared line blockage at outlet from UNSAT-IS1 and IS2 

1/13/2011 Sample Event #4 
Glycerol batch #29 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 

1/14/2011 Stage 2 Profile Samples sent to Southern 
1/17/2011 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 

All Systems Flow Check 
Cleaned all recirculation system Stage 1 distribution pipes with tap water 
Pump 7 was air locked - restarted 

1/18/2011 Hydrosplitter 1 Flow Check - calibration 
1/21/2011 Glycerol batch #30 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
1/25/2011 Disassembled and cleaned UNSAT-IS1, IS2, IS3, IS4; DENIT-LS1, LS2, LS3, LS4 
1/26/2011 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 

Installed new media UNSAT-IS1, IS2 
Installed new media DENIT-LS1 
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FLORIDA DEPARTMENT OF HEALTH PAGE A-5 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 7 HAZEN AND SAWYER, P.C. 

 

1/28/2011 Installed new media UNSAT-IS3, IS4 
Installed new media DENIT-LS2,LS3, LS4 
Replaced Pump 5 pump & system tubing  
Replaced Pump 10 pump & system tubing  

1/31/2011 Recalibrated Pump 5 & 10 
Glycerol batch #31 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 

2/2/2011 UNSAT-IS Flow Check 
2/8/2011 Glycerol batch #32 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 

2/16/2011 All Systems Flow Check 
Glycerol batch #33 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
Cleaned all recirculation system Stage 1 distribution pipes with tap water 

2/22/2011 Glycerol batch #34 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
3/2/2011 Glycerol batch #35 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
3/4/2011 Cleaned Pump 1 intake screen 

Glycerol batch #36 (13.5 mL glycerol; 1000 DI water), feed rate ~ 10 mL/dose 
3/14/2011 Glycerol batch #37 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 

Pump 9 airlocked 
Started IS3 and IS4 sample collection 

3/15/2011 Collected IS3 and IS4 sample 
3/17/2011 Sample Event #5 
3/18/2011 Stage 2 Profile Samples sent to Southern 
3/21/2011 Glycerol batch #38 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
3/23/2011 All Systems Flow Check 

Pump 9 airlocked 
3/28/2011 Glycerol batch #39 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 

4/2/2011 PLC Panel power failure - completely turned off 
Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 

4/6/2011 Glycerol batch #40 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
4/8/2011 Calibrated Hydrosplitters 1 and 2 

Replaced Hydrosplitter 1 & 2 tubing 
Adjusted Pump 4 and 14 runtimes 

4/14/2011 Glycerol batch #41 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
Revised UNSAT-PS1 Stage 1 media from polystyrene to clinoptilolite 

4/21/2011 Glycerol batch #42 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
4/28/2011 Glycerol batch #43 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 

5/5/2011 
 

Glycerol batch #44 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
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FLORIDA DEPARTMENT OF HEALTH PAGE A-6 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 7 HAZEN AND SAWYER, P.C. 

 

5/11/2011 Flow check 
Glycerol batch #45 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 

5/18/2011 Glycerol batch #46 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
5/19/2011 Sample Event #6 

All Systems Flow Test 
5/27/2011 Glycerol batch #47 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
5/31/2011 Increased Pump 14 runtime to 6 gpd/SF loading rate for recirc systems 

Increased Pump 6-9 runtime to 5:1 recycle ratio 
Cleaned all recirculation system Stage 1 distribution pipes with tap water 
Releveled top layer of media within recirculation sytem Stage 1 biofilters 

6/3/2011 Glycerol batch #48 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
6/6/2011 Cleaned flowmeters on discharge line of Pump 4 and 14 

6/10/2011 Glycerol batch #49 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
6/17/2011 Glycerol batch #50 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
6/21/2011 Pump 5 and 11 Error Code 18, cleared alarm and restarted pumps 
6/23/2011 Intermediate sampling event (lignocellulosic biofilters) 

Not enough volume in Pump 7 pump tank for full dose, cleaned Stage 1 distribution pipe 
6/28/2011 Increased Pump 4 runtime to 5 gpd/SF loading rate for single pass systems 

Increased Pump 11 dose volume to 20 gpd/SF loading rate for horizontal Stage 2 biofil-
ters 
Cleaned all recirculation system Stage 1 distribution pipes with tap water 
Sampled IS biofilters 

6/29/2011 Glycerol batch #51 (27 mL glycerol; 1973 DI water), feed rate ~ 10 mL/dose 
7/5/2011 Glycerol batch #52 (13 mL glycerol; 987 DI water), feed rate ~ 15 mL/dose 
7/6/2011 Glycerol batch #53 (13 mL glycerol; 987 DI water), feed rate ~ 20 mL/dose 
7/8/2011 Glycerol batch #54 (13 mL glycerol; 987 DI water), feed rate ~ 20 mL/dose 

Cleared plug in RC4 effluent pipe 
7/12/2011 Glycerol batch #55 (27 mL glycerol; 1973 DI water), feed rate ~ 20 mL/dose 
7/14/2011 Glycerol batch #56 (7 mL glycerol; 493 DI water), feed rate ~ 20 mL/dose 
7/18/2011 Glycerol batch #57 (34 mL glycerol; 2466 DI water), feed rate ~ 20 mL/dose 
7/19/2011 Cleaned all recirculation system Stage 1 distribution pipes with tap water 
7/21/2011 Glycerol batch #58 (34 mL glycerol; 2466 DI water), feed rate ~ 20 mL/dose 

Cleaned glycerol feed tubing 
7/25/2011 Glycerol batch #59 (34 mL glycerol; 2466 DI water), feed rate ~ 20 mL/dose 

Cleaned tees on RC tank outlet and discharge hose 
Replaced IS1 discharge tubing 

7/28/2011 Glycerol batch #60 (34 mL glycerol; 2466 DI water), feed rate ~ 20 mL/dose 
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FLORIDA DEPARTMENT OF HEALTH PAGE A-7 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 7 HAZEN AND SAWYER, P.C. 

 

8/1/2011 Glycerol batch #61 (34 mL glycerol; 2466 DI water), feed rate ~ 20 mL/dose 
8/9/2011 Glycerol batch #62 (34 mL glycerol; 2466 DI water), feed rate ~ 20 mL/dose 

8/11/2011 Glycerol batch #63 (13 mL glycerol; 987 DI water), feed rate ~ 20 mL/dose 
8/15/2011 Control panel error code. Reset. Last stored data is from 8/10 

Glycerol batch #64 (34 mL glycerol; 2466 DI water), feed rate ~ 20 mL/dose 
8/18/2011 Glycerol batch #65 (27 mL glycerol; 1973 DI water), feed rate ~ 20 mL/dose 
8/22/2011 Glycerol batch #66 (34 mL glycerol; 2466 DI water), feed rate ~ 20 mL/dose 
8/25/2011 Glycerol batch #67 (34 mL glycerol; 2466 DI water), feed rate ~ 20 mL/dose 
8/29/2011 Glycerol batch #68 (34 mL glycerol; 2466 DI water), feed rate ~ 20 mL/dose 

9/1/2011 Sampled Sulfur biofilters 
Glycerol batch #69 (27 mL glycerol; 1973 DI water), feed rate ~ 20 mL/dose 
Replaced horizontal Stage 2 influent tubing 

9/2/2011 Glycerol batch #70 (13 mL glycerol; 987 DI water), feed rate ~ 20 mL/dose 
Replaced Hydrosplitter 1 & 2 tubing 

9/6/2011 Glycerol batch #71 (27 mL glycerol; 1973 DI water), feed rate ~ 20 mL/dose 
9/8/2011 Flow check 

Glycerol batch #72 (17 mL glycerol; 1233 DI water), feed rate ~ 20 mL/dose 
9/12/2011 Glycerol batch #73 (34 mL glycerol; 2466 DI water), feed rate ~ 20 mL/dose 

Started IS3 and IS4 sample collection 
9/14/2011 Took IS3 and IS4 samples 

Started IS3-SP and IS4-SP sample collection 
Started Stage 2 Horizontal sample collection 

9/15/2011 Sample Event #7 
Glycerol batch #74 (34 mL glycerol; 2466 DI water), feed rate ~ 20 mL/dose 

9/16/2011 Sample Event #7 Profiles  
All Systems Flow Test 

9/19/2011 Glycerol batch #75 (34 mL glycerol; 2466 DI water), feed rate ~ 20 mL/dose 
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PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 7 HAZEN AND SAWYER, P.C. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure A.1 
Capillary Mat Installed above Polystyrene Media 7/16/10 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure A.2  
Revised In-situ Simulators Discharge Piping 7/20/10 
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FLORIDA DEPARTMENT OF HEALTH PAGE A-9 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 7 HAZEN AND SAWYER, P.C. 

 

Figure A.3 
RC1 Outlet Tee 8/4/10 

Figure A.4 
UNSAT-CL4 before Cleaning 8/4/10 

 
 
 
 
 
 
 
 
 
 
 
 

Figure A.5 
UNSAT-CL4 after Cleaning 8/4/10 
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PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 7 HAZEN AND SAWYER, P.C. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure A.6 
Unclogging UNSAT-LS4 Influent Pipe 9/10/10 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure A.7 
2” Pipe Extension into PNRS II Tank 1 Pump Chamber 10/8/10 

2” Pipe Extension 
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PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 7 HAZEN AND SAWYER, P.C. 

 

 
Figure A.8 

UNSAT-IS3 and UNSAT-IS4 Columns 10/14/10 
 
 

 
 
 
 

UNSAT-IS3 UNSAT-IS4 
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FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY  PAGE B-1 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 7 HAZEN AND SAWYER, P.C. 

 
Appendix B: PLC Data Tables 

Table B.1 
Summary of PLC Recorded Daily Flows 

(5/19/11 – 9/14/11) 

Date 
Range 

 Average  
Recorded 

Flow 
(gpd) 

Std. 
Dev. 

MIN 
(gpd)

MAX 
(gpd)

Target 
Flow  
(gpd) 

Relative 
Error1 (%) 

Before Hydraulic Loading Rate Increase 
5/19/11-
6/28/11 Pump 4 to Hydro 1 72 8.1 36 79 73.7 -2.7% 

5/19/11-
5/30/11 

Pump 14 to Hydro 2 61 0.7 60 62 58.9 3.5% 
Pump 6 to Recirc. 
System 1 43 0.5 43 44 44.2 -1.9% 

Pump 7 to Recirc. 
System 2 45 0.7 43 45 44.2 1.1% 

Pump 8 to Recirc. 
System 3 43 0.5 43 44 44.2 -1.9% 

Pump 9 to Recirc. 
System 4 44 0.5 43 44 44.2 -0.9% 

Following Hydraulic Loading Rate Increase 
6/29/11-
9/14/11 Pump 4 to Hydro 1 127 2.7 123 132 122.7 3.7% 

5/31/11-
9/14/11 

Pump 14 to Hydro 2 114 33.6 0 141 117.8 -3.5% 

Pump 6 to Recirc. 
System 1 142 1.2 137 144 147.2 -3.6 

Pump 7 to Recirc. 
System 2 148 1.1 142 150 147.2 0.6 

Pump 8 to Recirc. 
System 3 146 0.8 141 147 147.2 -0.9 

Pump 9 to Recirc. 
System 4 140 18.7 17 145 147.2 -4.9 

1Relative Error = (Recorded Flow – Target Flow)/ Target Flow *100 
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FLORIDA DEPARTMENT OF HEALTH PAGE B-2 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 7 HAZEN AND SAWYER, P.C. 

 

Table B.2 
Summary of PLC Recorded Daily Runtimes 

(5/19/11 – 9/14/11) 

Date 
Range 

 Average 
Recorded 

Daily 
Runtime 
(min/day) 

Std. 
Dev. 

MIN 
(min) 

MAX 
(min) 

Target  
Daily  

Runtime 
(min) 

Relative 
Error1 (%) 

Before Hydraulic Loading Rate Increase 
5/19/11-
6/28/11 Pump 4 to Hydro 1 17.6 0.5 17 18 17.2 2.2 

5/19/11-
5/30/11 

Pump 14 to Hydro 2 12.3 0.9 12 15 11.6 5.6 
Pump 6 to Recirc. 
System 1 6.4 0.5 6 7 6 6.9 

Pump 7 to Recirc. 
System 2 6.4 0.5 6 7 6 6.9 

Pump 8 to Recirc. 
System 3 6.4 0.5 6 7 6 6.9 

Pump 9 to Recirc. 
System 4 6.3 0.5 6 7 6 5.6 

Following Hydraulic Loading Rate Increase 
6/29/11-
9/14/11 Pump 4 to Hydro 1 31.7 1.1 31 40 31.2 1.57 

5/31/11-
9/14/11 

Pump 14 to Hydro 2 27.7 1 26 36 27.2 1.7 

Pump 6 to Recirc. 
System 1 21.2 0.7 20 27 20.8 2.1 

Pump 7 to Recirc. 
System 2 21.2 0.8 20 28 20.8 2.1 

Pump 8 to Recirc. 
System 3 21.6 0.8 21 28 21.2 2.1 

Pump 9 to Recirc. 
System 4 21.2 0.7 20 27 20.8 2.1 

1Relative Error = (Recorded Runtime – Target Runtime)/ Target Runtime *100 
 2Pump 4 Runtime was increased to increase UNSAT-PS1 STE influent volume to target level 
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FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY  PAGE C-1 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 7 HAZEN AND SAWYER, P.C. 

 
Appendix C: Flow Test Results 
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FLORIDA DEPARTMENT OF HEALTH PAGE C-2 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO. 7 HAZEN AND SAWYER, P.C. 

 

Table C.1 
Flow Test Results 

Target Input 
Volume

Dose/day
Target Input 

Volume
Measured Input 

Volume
Relative Error 

(%)
Target Recycle 

Ratio (RR)

Calculated 
Recycle Ratio 

(RR)

Relative Error 
(%)

(mL/day) (Dose/day) (mL/dose) (mL/dose)

  (Measured 
Input -Target 

Input) / Target 
Input * 100

Volume Recycle 
/ Volume STE

Volume Recycle 
/ Volume STE

Measured RR - 
Target RR / 

Measured RR * 
100

 Stage 1 Single Pass Biofilters        
(Hydrosplitter 1)

Date 9/16/11 2:00 PM

UNSAT-CL5 4,180 8.2%

UNSAT-CL3 3,460 -10.5%

UNSAT-CL1 3,160 -18.2%

UNSAT-EC3 4,350 12.5%

UNSAT-EC1 3,480 -10.0%

Mean 3,726 -3.6%

Stage 2 Single Pass Upflow Biofilters

Date
9/16/2011        1:00-

2:00 pm

DENIT-LS4 3,480 -10.0%

DENIT-LS2 4,525 17.1%

DENIT-SU3 4,800 24.2%

DENIT-LS3 3,580 -7.4%

DENIT-SU4 4,060 5.0%

Mean 4,089 5.8%

Stage 1 Recirculating Biofilters 
(Hydrosplitter 2)

Date
9/16/2011 STE 9:30 

am

RC1 : UNSAT-SA2 5,040 8.7%

RC2 : UNSAT-EC4 4,930 6.3%

RC3 : UNSAT-CL2 4,660 0.5%

RC4 : UNSAT-CL4 4,870 5.0%

Mean 4,875 5.1%

Stage 1 Recirculating Biofilters   
(Recycle)

Flowmeter  R 
9/16/2011  

RC1 : UNSAT-SA2 22,237 -4.1% 4.41 -13.3%

RC2 : UNSAT-EC4 23,183 0.0% 4.70 -6.3%

RC3 : UNSAT-CL2 23,025 -0.7% 4.94 -1.2%

RC4 : UNSAT-CL4 22,710 -2.1% 4.66 -7.2%

Mean 22,789 -1.7% 4.68 -7.0%

Stage 1 Recirculating Biofilters  
(Hydrosplitter + Recycle)

RC1 : UNSAT-SA2 27,277 -2.0%

RC2 : UNSAT-EC4 28,113 1.0%

RC3 : UNSAT-CL2 27,685 -0.5%

RC4 : UNSAT-CL4 27,580 -0.9%

Mean 27,664 -0.6%

Horizontal Denitrification Biofilters

Date 9/16/11 3:15 PM

DENIT-SU1 635 2.9%

DENIT-SU2 630 2.0%

DENIT-GL1 580 -6.1%

DENIT-LS1 601 -2.7%

Mean 612 -1.0%

 In-Situ Simulators

Date 9/16/11 1:00 PM

UNSAT-IS1 (STE) 20,160 24 840 540 -35.7%

UNSAT-IS2 (Nitrified STE) 20,640 24 860 302 -64.9%

9/16/11 2:00 PM

UNSAT-IS3 (STE) 36 -3.2%

UNSAT-IS4 (Nitrified STE) 39 4.8%
  Notes:  Yellow-shaded cells are measured values; grey-shaded cells are calculated values

Recycle Ratio

5:1

Group        
(Figure 1)

Biofilter/Flow

Target Input Measured Input

1

92,760 24 3,865

92,760 24 3,865

2

111,312 24 4,638

3
14,818 24 617.4

556,560 24 23,190

667,872 24 27,828

4

37893 24



o:
\4

42
37

-0
01

\\W
pd

oc
s\

R
ep

or
t\D

ra
ft 

 

FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY  PAGE D-1 
PNRS II TEST FACILITY DATA SUMMARY REPORT NO.  7 HAZEN AND SAWYER, P.C. 

 
Appendix D: Laboratory Report 

 



Work Order: 1108118

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 5, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-01

09/15/11 11:50

Sean Harmon

09/15/11 13:20

PNRS II STE-Tank 1  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/15/11 11:500.17.4

DEP FT1400 SDHWater Temperature °C 0.1 09/15/11 11:500.128.4

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/15/11 11:500.1820

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/15/11 11:500.14.0

Inorganics

SM 4550SF JAGHydrogen Sulfide (Unionized) mg/L 09/20/11 11:280.04 09/20/11 12:080.011.6

EPA 350.1 SMDAmmonia as N mg/L 0.010 09/23/11 10:470.00522

SM 5210B MMFCarbonaceous BOD mg/L 09/16/11 09:002 09/21/11 17:00235

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/19/11 09:001097

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/15/11 23:390.010.01 U

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/15/11 23:390.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 09/15/11 23:390.2031

SM 4500SF JAGSulfide mg/L 09/20/11 08:500.40 09/20/11 11:130.105.6

SM 2320B MMFTotal Alkalinity mg/L 8.0 09/19/11 11:002.0240

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 09/22/11 10:430.20 09/26/11 14:080.0526

SM 2540D JEWTotal Suspended Solids mg/L 09/19/11 13:351 09/20/11 13:56115

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 09/15/11 14:071 09/16/11 14:0018,400

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-02

09/15/11 11:55

Sean Harmon

09/15/11 13:20

PNRS II STE-Tank 1-D  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/15/11 11:550.17.4

DEP FT1400 SDHWater Temperature °C 0.1 09/15/11 11:550.128.4

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/15/11 11:550.1820

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/15/11 11:550.14.0

Inorganics

SM 4550SF JAGHydrogen Sulfide (Unionized) mg/L 09/20/11 11:280.04 09/20/11 12:080.011.5

EPA 350.1 SMDAmmonia as N mg/L 0.010 09/23/11 10:470.00523

SM 5210B MMFCarbonaceous BOD mg/L 09/16/11 09:002 09/21/11 17:00230

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/19/11 09:001093

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/15/11 23:390.010.01 U

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/15/11 23:390.010.01 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108118

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 5, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-02

09/15/11 11:55

Sean Harmon

09/15/11 13:20

PNRS II STE-Tank 1-D  

EPA 300.0 MEJSulfate mg/L 0.60 09/15/11 23:390.2032

SM 4500SF JAGSulfide mg/L 09/20/11 08:500.40 09/20/11 11:130.105.5

SM 2320B MMFTotal Alkalinity mg/L 8.0 09/19/11 11:002.0250

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 09/22/11 10:430.20 09/26/11 14:080.0525

SM 2540D JEWTotal Suspended Solids mg/L 09/19/11 13:351 09/20/11 13:56120

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 09/15/11 14:071 09/16/11 14:0018,900

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-03

09/15/11 11:45

Sean Harmon

09/15/11 13:20

UNSAT-EC1  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/15/11 11:450.17.0

DEP FT1400 SDHWater Temperature °C 0.1 09/15/11 11:450.128.8

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/15/11 11:450.1810

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/15/11 11:450.13.9

Inorganics

SM 4550SF JAGHydrogen Sulfide (Unionized) mg/L 09/20/11 11:280.04 09/20/11 12:080.010.01 U

EPA 350.1 SMDAmmonia as N mg/L 0.010 09/23/11 10:470.0050.54

SM 5210B MMFCarbonaceous BOD mg/L 09/16/11 09:002 09/21/11 17:0022 U

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/19/11 09:001010 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/16/11 17:150.0122

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/15/11 23:390.010.10

EPA 300.0 MEJSulfate mg/L 0.60 09/15/11 23:390.2055

SM 4500SF JAGSulfide mg/L 09/20/11 08:500.40 09/20/11 11:130.100.10 U

SM 2320B MMFTotal Alkalinity mg/L 8.0 09/19/11 11:002.0140

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 09/22/11 10:430.20 09/26/11 14:080.053.8

SM 2540D JEWTotal Suspended Solids mg/L 09/19/11 13:351 09/20/11 13:5612

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 09/15/11 14:071 09/16/11 14:001690

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager

Page 2 of 44



Work Order: 1108118

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 5, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-04

09/15/11 11:40

Sean Harmon

09/15/11 13:20

UNSAT-EC3  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/15/11 11:400.17.1

DEP FT1400 SDHWater Temperature °C 0.1 09/15/11 11:400.128.7

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/15/11 11:400.1826

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/15/11 11:400.15.6

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 09/23/11 10:470.0050.023

SM 5210B MMFCarbonaceous BOD mg/L 09/16/11 09:002 09/21/11 17:0022 U

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/19/11 09:001010 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/16/11 17:150.0122

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/15/11 23:390.010.01 U

SM 2320B MMFTotal Alkalinity mg/L 8.0 09/19/11 11:002.0160

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 09/22/11 10:430.20 09/26/11 14:080.051.9

SM 2540D JEWTotal Suspended Solids mg/L 09/19/11 13:351 09/20/11 13:5611

Metals

EPA 200.7 VWCSodium mg/L 09/20/11 08:410.050 09/22/11 14:270.01038

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 09/15/11 14:071 09/16/11 14:0013

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-05

09/15/11 11:35

Sean Harmon

09/15/11 13:20

UNSAT-CL1  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/15/11 11:350.17.4

DEP FT1400 SDHWater Temperature °C 0.1 09/15/11 11:350.128.7

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/15/11 11:350.1825

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/15/11 11:350.16.6

Inorganics

SM 4550SF JAGHydrogen Sulfide (Unionized) mg/L 09/20/11 11:280.04 09/20/11 12:080.010.01 U

EPA 350.1 SMDAmmonia as N mg/L 0.010 09/23/11 10:470.0050.016

SM 5210B MMFCarbonaceous BOD mg/L 09/16/11 09:002 09/21/11 17:0022 U

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/19/11 09:001010 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/16/11 17:150.0124

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/15/11 23:390.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 09/15/11 23:390.2053

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108118

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 5, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-05

09/15/11 11:35

Sean Harmon

09/15/11 13:20

UNSAT-CL1  

SM 4500SF JAGSulfide mg/L 09/20/11 08:500.40 09/20/11 11:130.100.10 U

SM 2320B MMFTotal Alkalinity mg/L 8.0 09/19/11 11:002.0130

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 09/22/11 10:430.20 09/26/11 14:080.052.0

SM 2540D JEWTotal Suspended Solids mg/L 09/19/11 13:351 09/20/11 13:5612

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 09/15/11 14:071 09/16/11 14:00140

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-06

09/15/11 11:30

Sean Harmon

09/15/11 13:20

UNSAT-CL3  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/15/11 11:300.17.3

DEP FT1400 SDHWater Temperature °C 0.1 09/15/11 11:300.128.2

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/15/11 11:300.1903

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/15/11 11:300.16.4

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 09/23/11 10:470.0050.020

SM 5210B MMFCarbonaceous BOD mg/L 09/16/11 09:002 09/21/11 17:0022 U

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/19/11 09:001010 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/16/11 17:150.0124

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/15/11 23:390.010.01 U

SM 2320B MMFTotal Alkalinity mg/L 8.0 09/19/11 11:002.0190

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 09/22/11 10:430.20 09/26/11 14:080.051.5

SM 2540D JEWTotal Suspended Solids mg/L 09/19/11 13:351 09/20/11 13:5613

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 09/15/11 14:071 09/16/11 14:001120

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-07

09/15/11 11:20

Sean Harmon

09/15/11 13:20

UNSAT-CL5  

Field Parameters

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108118

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 5, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-07

09/15/11 11:20

Sean Harmon

09/15/11 13:20

UNSAT-CL5  

DEP FT1100 SDHpH SU 0.1 09/15/11 11:200.17.5

DEP FT1400 SDHWater Temperature °C 0.1 09/15/11 11:200.128.8

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/15/11 11:200.1817

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/15/11 11:200.16.7

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 09/23/11 10:470.0050.018

SM 5210B MMFCarbonaceous BOD mg/L 09/16/11 09:002 09/21/11 17:0022 U

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/19/11 09:001010 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/16/11 17:150.0125

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/15/11 23:390.010.01 U

SM 2320B MMFTotal Alkalinity mg/L 8.0 09/19/11 11:002.0140

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 09/22/11 10:430.20 09/26/11 14:080.051.5

SM 2540D JEWTotal Suspended Solids mg/L 09/19/11 13:351 09/20/11 13:5612

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 09/15/11 14:071 09/16/11 14:001410

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-08

09/15/11 10:00

Sean Harmon

09/15/11 13:20

DENIT-SU4  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/15/11 10:000.17.2

DEP FT1400 SDHWater Temperature °C 0.1 09/15/11 10:000.126.8

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/15/11 10:000.11,004

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/15/11 10:000.10.1 U

Inorganics

SM 4550SF JAGHydrogen Sulfide (Unionized) mg/L 09/20/11 11:280.04 09/20/11 12:080.010.49

EPA 350.1 SMDAmmonia as N mg/L 0.010 09/23/11 10:470.0051.5

SM 5210B MMFCarbonaceous BOD mg/L 09/16/11 09:002 09/21/11 17:0028

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/19/11 09:001010 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/15/11 12:300.010.22

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/15/11 12:300.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 09/21/11 13:180.20260

SM 4500SF JAGSulfide mg/L 09/20/11 08:500.40 09/20/11 11:190.101.4

SM 2320B MMFTotal Alkalinity mg/L 8.0 09/19/11 11:002.0140

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 09/22/11 10:430.20 09/26/11 14:080.052.9

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108118

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 5, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-08

09/15/11 10:00

Sean Harmon

09/15/11 13:20

DENIT-SU4  

SM 2540D JEWTotal Suspended Solids mg/L 09/19/11 13:351 09/20/11 13:5613

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 09/15/11 12:271 09/16/11 13:301740

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-09

09/15/11 09:50

Sean Harmon

09/15/11 13:20

DENIT-LS3-REV  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/15/11 09:500.17.4

DEP FT1400 SDHWater Temperature °C 0.1 09/15/11 09:500.127.2

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/15/11 09:500.1739

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/15/11 09:500.12.3

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 09/23/11 10:470.0050.033

SM 5210B MMFCarbonaceous BOD mg/L 09/16/11 09:002 09/21/11 17:0022 U

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/19/11 09:001010 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/15/11 23:390.019.1

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/15/11 23:390.010.51

SM 2320B MMFTotal Alkalinity mg/L 8.0 09/19/11 11:002.0220

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 09/22/11 10:430.20 09/26/11 14:080.051.3

SM 2540D JEWTotal Suspended Solids mg/L 09/19/11 13:351 09/20/11 13:5614

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 09/15/11 14:071 09/16/11 14:0013

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-10

09/15/11 09:55

Sean Harmon

09/15/11 13:20

DENIT-LS3-REV-D  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/15/11 09:550.17.4

DEP FT1400 SDHWater Temperature °C 0.1 09/15/11 09:550.127.2

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/15/11 09:550.1739

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108118

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 5, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-10

09/15/11 09:55

Sean Harmon

09/15/11 13:20

DENIT-LS3-REV-D  

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/15/11 09:550.12.3

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 09/23/11 10:470.0050.030

SM 5210B MMFCarbonaceous BOD mg/L 09/16/11 09:002 09/21/11 17:0022 U

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/19/11 09:001010 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/15/11 23:390.018.2

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/15/11 23:390.010.46

SM 2320B MMFTotal Alkalinity mg/L 8.0 09/19/11 11:002.0210

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 09/22/11 10:430.20 09/26/11 14:080.051.3

SM 2540D JEWTotal Suspended Solids mg/L 09/19/11 13:351 09/20/11 13:5613

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 09/15/11 14:071 09/16/11 14:0012

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-11

09/15/11 09:40

Sean Harmon

09/15/11 13:20

DENIT-SU3  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/15/11 09:400.17.4

DEP FT1400 SDHWater Temperature °C 0.1 09/15/11 09:400.127.0

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/15/11 09:400.11,126

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/15/11 09:400.10.1 U

Inorganics

SM 4550SF JAGHydrogen Sulfide (Unionized) mg/L 09/20/11 11:280.04 09/20/11 12:080.010.26

EPA 350.1 SMDAmmonia as N mg/L 0.010 09/23/11 10:470.0050.55

SM 5210B MMFCarbonaceous BOD mg/L 09/16/11 09:002 09/21/11 17:0026

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/19/11 09:001010 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/15/11 12:300.010.22

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/15/11 12:300.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 09/21/11 13:180.20320

SM 4500SF JAGSulfide mg/L 09/20/11 08:500.40 09/20/11 11:190.100.98

SM 2320B MMFTotal Alkalinity mg/L 8.0 09/19/11 11:002.0150

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 09/22/11 10:430.20 09/26/11 14:080.051.3

SM 2540D JEWTotal Suspended Solids mg/L 09/19/11 13:351 09/20/11 13:5612

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 09/15/11 12:271 09/16/11 13:30130

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108118

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 5, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-12

09/15/11 09:45

Sean Harmon

09/15/11 13:20

DENIT-SU3-D  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/15/11 09:450.17.4

DEP FT1400 SDHWater Temperature °C 0.1 09/15/11 09:450.127.0

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/15/11 09:450.11,126

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/15/11 09:450.10.1 U

Inorganics

SM 4550SF JAGHydrogen Sulfide (Unionized) mg/L 09/20/11 11:280.04 09/20/11 12:080.010.21

EPA 350.1 SMDAmmonia as N mg/L 0.010 09/23/11 10:470.0050.51

SM 5210B MMFCarbonaceous BOD mg/L 09/16/11 09:002 09/21/11 17:0026

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/19/11 09:001010 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/15/11 12:300.010.24

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/15/11 12:300.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 09/21/11 13:180.20330

SM 4500SF JAGSulfide mg/L 09/20/11 08:500.40 09/20/11 11:190.100.78

SM 2320B MMFTotal Alkalinity mg/L 8.0 09/19/11 11:002.0140

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 09/22/11 10:430.20 09/26/11 14:080.051.5

SM 2540D JEWTotal Suspended Solids mg/L 09/19/11 13:351 09/20/11 13:5616

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 09/15/11 12:271 09/16/11 13:30120

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-13

09/15/11 09:35

Sean Harmon

09/15/11 11:50

DENIT-LS2-REV  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/15/11 09:350.17.5

DEP FT1400 SDHWater Temperature °C 0.1 09/15/11 09:350.126.8

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/15/11 09:350.1862

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/15/11 09:350.13.1

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 09/23/11 10:470.0050.039

SM 5210B MMFCarbonaceous BOD mg/L 09/16/11 09:002 09/21/11 17:0022 U

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/19/11 09:001010 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/15/11 12:300.0120

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/15/11 12:300.010.47

SM 2320B MMFTotal Alkalinity mg/L 8.0 09/19/11 11:002.0220

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager

Page 8 of 44



Work Order: 1108118

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 5, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-13

09/15/11 09:35

Sean Harmon

09/15/11 11:50

DENIT-LS2-REV  

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 09/22/11 10:430.20 09/26/11 14:080.051.9

SM 2540D JEWTotal Suspended Solids mg/L 09/19/11 13:351 09/20/11 13:5612

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 09/15/11 12:271 09/16/11 13:3014

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-14

09/15/11 09:25

Sean Harmon

09/15/11 11:50

DENIT-LS4-REV  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/15/11 09:250.17.7

DEP FT1400 SDHWater Temperature °C 0.1 09/15/11 09:250.126.3

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/15/11 09:250.1809

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/15/11 09:250.13.3

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 09/23/11 10:470.0050.023

SM 5210B MMFCarbonaceous BOD mg/L 09/16/11 09:002 09/21/11 17:0022 U

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/19/11 11:201010 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/15/11 12:300.0116

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/15/11 12:300.010.39

SM 2320B MMFTotal Alkalinity mg/L 8.0 09/19/11 11:002.0200

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 09/22/11 10:470.20 09/26/11 14:140.051.6

SM 2540D JEWTotal Suspended Solids mg/L 09/19/11 13:351 09/20/11 13:5611 U

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 09/15/11 12:271 09/16/11 13:30116

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-15

09/15/11 09:30

Sean Harmon

09/15/11 11:50

DENIT-LS4-REV-D  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/15/11 09:300.17.7

DEP FT1400 SDHWater Temperature °C 0.1 09/15/11 09:300.126.3

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108118

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 5, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-15

09/15/11 09:30

Sean Harmon

09/15/11 11:50

DENIT-LS4-REV-D  

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/15/11 09:300.1809

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/15/11 09:300.13.3

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 09/23/11 10:470.0050.021

SM 5210B MMFCarbonaceous BOD mg/L 09/16/11 09:002 09/21/11 17:0022 U

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/19/11 11:201010 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/15/11 12:300.0116

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/15/11 12:300.010.51

SM 2320B MMFTotal Alkalinity mg/L 8.0 09/19/11 11:002.0200

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 09/22/11 10:470.20 09/26/11 14:140.051.4

SM 2540D JEWTotal Suspended Solids mg/L 09/19/11 13:351 09/20/11 13:5611 U

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 09/15/11 12:271 09/16/11 13:30114

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-16

09/15/11 10:05

Sean Harmon

09/15/11 11:50

RC1  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/15/11 10:050.17.3

DEP FT1400 SDHWater Temperature °C 09/15/11 10:050.1 09/15/15 10:050.126.8

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/15/11 10:050.1706

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/15/11 10:050.10.3

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 09/23/11 10:470.0051.3

SM 5210B MMFCarbonaceous BOD mg/L 09/16/11 09:002 09/21/11 17:0024

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/19/11 11:201015 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/15/11 23:390.0114

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/15/11 23:390.010.01 U

SM 2320B MMFTotal Alkalinity mg/L 8.0 09/19/11 11:002.0150

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 09/22/11 10:470.20 09/26/11 14:140.052.5

SM 2540D JEWTotal Suspended Solids mg/L 09/19/11 13:351 09/20/11 13:5613

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 09/15/11 14:071 09/16/11 14:0014,300

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108118

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 5, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-17

09/15/11 10:10

Sean Harmon

09/15/11 11:50

RC2  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/15/11 10:100.17.2

DEP FT1400 SDHWater Temperature °C 0.1 09/15/11 10:100.126.3

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/15/11 10:100.1696

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/15/11 10:100.10.7

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 09/23/11 10:470.0053.0

SM 5210B MMFCarbonaceous BOD mg/L 09/16/11 09:002 09/21/11 17:0024

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/19/11 11:201010 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/15/11 23:390.0112

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/15/11 23:390.010.01 U

SM 2320B MMFTotal Alkalinity mg/L 8.0 09/19/11 11:002.0140

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 09/22/11 10:470.20 09/26/11 14:140.055.3

SM 2540D JEWTotal Suspended Solids mg/L 09/19/11 13:351 09/20/11 13:5611 U

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 09/15/11 14:071 09/16/11 14:0014,600

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-18

09/15/11 10:15

Sean Harmon

09/15/11 11:50

RC3  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/15/11 10:150.17.3

DEP FT1400 SDHWater Temperature °C 0.1 09/15/11 10:150.125.8

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/15/11 10:150.1713

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/15/11 10:150.10.1 U

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 09/23/11 10:470.0053.0

SM 5210B MMFCarbonaceous BOD mg/L 09/16/11 09:002 09/21/11 17:0025

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/19/11 11:201010 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/15/11 23:390.0113

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/15/11 23:390.010.35

SM 2320B MMFTotal Alkalinity mg/L 8.0 09/19/11 11:002.0140

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 09/22/11 10:470.20 09/26/11 14:140.053.1

SM 2540D JEWTotal Suspended Solids mg/L 09/19/11 13:351 09/20/11 13:5611 U

Microbiology

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108118

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 5, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-18

09/15/11 10:15

Sean Harmon

09/15/11 11:50

RC3  

SM 9222D MEJFecal Coliforms CFU/100 ml 09/15/11 14:071 09/16/11 14:0013,600

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-19

09/15/11 10:20

Sean Harmon

09/15/11 11:50

RC4  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/15/11 10:200.17.4

DEP FT1400 SDHWater Temperature °C 0.1 09/15/11 10:200.126.6

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/15/11 10:200.1750

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/15/11 10:200.10.1 U

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 09/23/11 10:470.0052.6

SM 5210B MMFCarbonaceous BOD mg/L 09/16/11 15:462 09/22/11 11:5424

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/19/11 11:201010 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/15/11 23:390.019.6

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/15/11 23:390.010.01 U

SM 2320B MMFTotal Alkalinity mg/L 8.0 09/19/11 11:002.0180

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 09/22/11 10:470.20 09/26/11 14:140.052.8

SM 2540D JEWTotal Suspended Solids mg/L 09/19/11 13:351 09/20/11 13:5611

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 09/15/11 14:071 09/16/11 14:0014,900

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-20

09/15/11 08:55

Sean Harmon

09/15/11 11:50

UNSAT-CL4  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/15/11 08:550.17.4

DEP FT1400 SDHWater Temperature °C 0.1 09/15/11 08:550.126.3

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/15/11 08:550.1767

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/15/11 08:550.17.2

Inorganics

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108118

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 5, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-20

09/15/11 08:55

Sean Harmon

09/15/11 11:50

UNSAT-CL4  

EPA 350.1 SMDAmmonia as N mg/L 0.010 09/23/11 10:470.0050.037

SM 5210B MMFCarbonaceous BOD mg/L 09/16/11 15:462 09/22/11 11:5422 U

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/19/11 11:201010 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/15/11 23:390.0114

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/15/11 23:390.010.01 U

SM 2320B MMFTotal Alkalinity mg/L 8.0 09/19/11 11:002.0170

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 09/22/11 10:470.20 09/26/11 14:140.051.6

SM 2540D JEWTotal Suspended Solids mg/L 09/19/11 13:351 09/20/11 13:5615

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 09/15/11 12:271 09/16/11 13:3015

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-21

09/15/11 09:10

Sean Harmon

09/15/11 11:50

UNSAT-CL2  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/15/11 09:100.17.2

DEP FT1400 SDHWater Temperature °C 0.1 09/15/11 09:100.126.1

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/15/11 09:100.1697

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/15/11 09:100.16.2

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 09/23/11 10:470.0050.023

SM 5210B MMFCarbonaceous BOD mg/L 09/16/11 15:462 09/22/11 11:5422 U

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/19/11 11:201018 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/15/11 23:390.0117

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/15/11 23:390.010.01 U

SM 2320B JAGTotal Alkalinity mg/L 8.0 09/21/11 09:052.0120

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 09/22/11 10:470.20 09/26/11 14:140.051.5

SM 2540D JEWTotal Suspended Solids mg/L 09/20/11 10:021 09/21/11 09:19110

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 09/15/11 12:271 09/16/11 13:301760

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108118

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 5, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-22

09/15/11 09:20

Sean Harmon

09/15/11 11:50

UNSAT-EC4  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/15/11 09:200.17.0

DEP FT1400 SDHWater Temperature °C 0.1 09/15/11 09:200.126.0

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/15/11 09:200.1693

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/15/11 09:200.17.1

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 09/23/11 10:470.0050.021

SM 5210B MMFCarbonaceous BOD mg/L 09/16/11 15:462 09/22/11 11:5422 U

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/19/11 11:201010 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/15/11 23:390.0117

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/15/11 23:390.010.01 U

SM 2320B JAGTotal Alkalinity mg/L 8.0 09/21/11 09:052.0110

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 09/22/11 10:470.20 09/26/11 14:140.051.5

SM 2540D JEWTotal Suspended Solids mg/L 09/20/11 10:021 09/21/11 09:1911

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 09/15/11 12:271 09/16/11 13:30150

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-23

09/15/11 09:00

Sean Harmon

09/15/11 11:50

UNSAT-SA2  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/15/11 09:000.17.0

DEP FT1400 SDHWater Temperature °C 0.1 09/15/11 09:000.126.0

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/15/11 09:000.1687

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/15/11 09:000.16.7

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 09/23/11 10:470.0050.017

SM 5210B MMFCarbonaceous BOD mg/L 09/16/11 15:462 09/22/11 11:5422 U

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/19/11 11:201010 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/15/11 23:390.0118

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/15/11 23:390.010.01 U

SM 2320B JAGTotal Alkalinity mg/L 8.0 09/21/11 09:052.0130

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 09/22/11 10:470.20 09/26/11 14:140.051.6

SM 2540D JEWTotal Suspended Solids mg/L 09/20/11 10:021 09/21/11 09:1911

Microbiology

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108118

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 5, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-23

09/15/11 09:00

Sean Harmon

09/15/11 11:50

UNSAT-SA2  

SM 9222D MEJFecal Coliforms CFU/100 ml 09/15/11 12:271 09/16/11 13:30170

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-24

09/15/11 08:20

Sean Harmon

09/15/11 11:50

DFT  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/15/11 08:200.17.4

DEP FT1400 SDHWater Temperature °C 0.1 09/15/11 08:200.125.8

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/15/11 08:200.1711

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/15/11 08:200.16.8

Inorganics

SM 4550SF JAGHydrogen Sulfide (Unionized) mg/L 09/20/11 11:280.04 09/20/11 12:080.010.01 U

EPA 350.1 SMDAmmonia as N mg/L 0.010 09/23/11 10:470.0050.016

SM 5210B MMFCarbonaceous BOD mg/L 09/16/11 15:462 09/22/11 11:5422 U

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/19/11 11:201010 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/15/11 23:390.0116

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/15/11 23:390.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 09/15/11 23:390.2058

SM 4500SF JAGSulfide mg/L 09/20/11 08:500.40 09/20/11 11:190.100.10 U

SM 2320B JAGTotal Alkalinity mg/L 8.0 09/21/11 09:052.0130

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 09/22/11 10:470.20 09/26/11 14:140.051.7

SM 2540D JEWTotal Suspended Solids mg/L 09/20/11 10:021 09/21/11 09:1911 U

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 09/15/11 12:271 09/16/11 13:30166

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-25

09/15/11 08:25

Sean Harmon

09/15/11 11:50

DFT-D  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/15/11 08:250.17.4

DEP FT1400 SDHWater Temperature °C 0.1 09/15/11 08:250.125.8

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108118

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 5, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-25

09/15/11 08:25

Sean Harmon

09/15/11 11:50

DFT-D  

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/15/11 08:250.1711

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/15/11 08:250.16.8

Inorganics

SM 4550SF JAGHydrogen Sulfide (Unionized) mg/L 09/20/11 11:280.04 09/20/11 12:080.010.06

EPA 350.1 SMDAmmonia as N mg/L 0.010 09/23/11 10:470.0050.034

SM 5210B MMFCarbonaceous BOD mg/L 09/16/11 15:462 09/22/11 11:5422 U

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/19/11 11:201010 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/15/11 23:390.0116

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/15/11 23:390.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 09/15/11 23:390.2058

SM 4500SF JAGSulfide mg/L 09/20/11 08:500.40 09/20/11 11:190.100.20 I

SM 2320B JAGTotal Alkalinity mg/L 8.0 09/21/11 09:052.0120

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 09/22/11 10:470.20 09/26/11 14:140.051.8

SM 2540D JEWTotal Suspended Solids mg/L 09/20/11 10:021 09/21/11 09:1912

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 09/15/11 12:271 09/16/11 13:30171

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-26

09/15/11 07:45

Sean Harmon

09/15/11 11:50

DENIT-SU1  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/15/11 07:450.17.0

DEP FT1400 SDHWater Temperature °C 0.1 09/15/11 07:450.122.0

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/15/11 07:450.11,009

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/15/11 07:450.10.2

Inorganics

SM 4550SF JAGHydrogen Sulfide (Unionized) mg/L 09/20/11 11:280.04 09/20/11 12:080.0114

EPA 350.1 SMDAmmonia as N mg/L 0.010 09/23/11 10:470.0051.2

SM 5210B MMFCarbonaceous BOD mg/L 09/16/11 15:462 09/22/11 11:54241

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/19/11 11:201089

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/15/11 23:390.010.24

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/15/11 23:390.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 09/21/11 13:180.20200

SM 4500SF JAGSulfide mg/L 09/20/11 08:500.40 09/20/11 11:190.1030

SM 2320B JAGTotal Alkalinity mg/L 8.0 09/21/11 09:052.0170

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108118

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 5, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-26

09/15/11 07:45

Sean Harmon

09/15/11 11:50

DENIT-SU1  

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 09/22/11 10:470.20 09/26/11 14:140.052.4

SM 2540D JEWTotal Suspended Solids mg/L 09/20/11 10:021 09/21/11 09:1911

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 09/15/11 12:271 09/16/11 13:3019

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-27

09/15/11 07:50

Sean Harmon

09/15/11 11:50

DENIT-SU2  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/15/11 07:500.17.0

DEP FT1400 SDHWater Temperature °C 0.1 09/15/11 07:500.122.5

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/15/11 07:500.1961

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/15/11 07:500.10.1

Inorganics

SM 4550SF JAGHydrogen Sulfide (Unionized) mg/L 09/20/11 11:280.04 09/20/11 12:080.0111

EPA 350.1 SMDAmmonia as N mg/L 0.010 09/23/11 10:470.0052.2

SM 5210B MMFCarbonaceous BOD mg/L 09/16/11 15:462 09/22/11 11:54227

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/19/11 11:201040

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/16/11 12:490.010.23

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/16/11 12:490.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 09/21/11 13:180.20210

SM 4500SF JAGSulfide mg/L 09/20/11 08:500.40 09/20/11 11:190.1024

SM 2320B JAGTotal Alkalinity mg/L 8.0 09/21/11 09:052.0170

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 09/22/11 10:470.20 09/26/11 14:140.058.0

SM 2540D JEWTotal Suspended Solids mg/L 09/20/11 10:021 09/21/11 09:1911 U

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 09/15/11 12:271 09/16/11 13:30110

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-28

09/15/11 07:55

Sean Harmon

09/15/11 11:50

DENIT-LS1-REV  

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108118

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 5, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-28

09/15/11 07:55

Sean Harmon

09/15/11 11:50

DENIT-LS1-REV  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/15/11 07:550.17.2

DEP FT1400 SDHWater Temperature °C 0.1 09/15/11 07:550.122.2

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/15/11 07:550.1644

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/15/11 07:550.10.3

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 09/23/11 10:470.0050.020

SM 5210B MMFCarbonaceous BOD mg/L 09/16/11 15:462 09/22/11 11:5429

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/19/11 11:201024 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/16/11 12:490.010.23

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/16/11 12:490.010.01 U

SM 2320B JAGTotal Alkalinity mg/L 8.0 09/21/11 09:052.0210

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 09/22/11 10:470.20 09/26/11 14:140.050.38

SM 2540D JEWTotal Suspended Solids mg/L 09/20/11 10:021 09/21/11 09:1912

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 09/15/11 12:271 09/16/11 13:3011 U

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-29

09/15/11 08:00

Sean Harmon

09/15/11 11:50

DENIT-GL1  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/15/11 08:000.16.6

DEP FT1400 SDHWater Temperature °C 0.1 09/15/11 08:000.122.5

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/15/11 08:000.1794

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/15/11 08:000.10.1 U

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 09/23/11 10:470.0050.27

SM 5210B MMFCarbonaceous BOD mg/L 09/16/11 15:462 09/22/11 11:54213

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/19/11 11:201020 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/16/11 12:490.010.23

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/16/11 12:490.010.01 U

SM 2320B JAGTotal Alkalinity mg/L 8.0 09/21/11 09:052.0330

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 09/22/11 10:470.20 09/26/11 14:140.050.70

SM 2540D JEWTotal Suspended Solids mg/L 09/20/11 10:021 09/21/11 09:1915

Microbiology

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108118

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 5, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-29

09/15/11 08:00

Sean Harmon

09/15/11 11:50

DENIT-GL1  

SM 9222D MEJFecal Coliforms CFU/100 ml 09/15/11 12:271 09/16/11 13:301140

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-31

09/16/11 12:05

Sean Harmon

09/16/11 12:05

UNSAT-IS1  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 12:050.16.8

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 12:050.113.4

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 12:050.1831

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 12:050.19.5

Inorganics

SM 4550SF JAGHydrogen Sulfide (Unionized) mg/L 09/20/11 11:280.04 09/20/11 12:080.010.70

EPA 350.1 SMDAmmonia as N mg/L 0.010 09/23/11 10:470.0058.0

SM 5210B MEJCarbonaceous BOD mg/L 09/18/11 09:282 09/23/11 09:0026

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/19/11 11:201044

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/17/11 10:400.010.23

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/17/11 10:400.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 09/17/11 10:400.2053

SM 4500SF JAGSulfide mg/L 09/20/11 08:500.40 09/20/11 11:190.101.2

SM 2320B JAGTotal Alkalinity mg/L 8.0 09/21/11 09:052.0280

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 09/22/11 10:470.20 09/26/11 14:140.0521

SM 2540D JEWTotal Suspended Solids mg/L 09/20/11 10:021 09/21/11 09:1913

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 09/16/11 16:271 09/17/11 13:30142

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-32

09/16/11 11:55

Sean Harmon

09/16/11 16:00

UNSAT-IS2-SP  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 11:550.16.3

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 11:550.129.3

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108118

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 5, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-32

09/16/11 11:55

Sean Harmon

09/16/11 16:00

UNSAT-IS2-SP  

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 11:550.1667

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 11:550.11.4

Inorganics

SM 4550SF JAGHydrogen Sulfide (Unionized) mg/L 09/20/11 11:280.04 09/20/11 12:080.011.5

EPA 350.1 SMDAmmonia as N mg/L 0.010 09/23/11 10:470.0050.28

SM 5210B MEJCarbonaceous BOD mg/L 09/18/11 09:282 09/23/11 09:0027

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 09/20/11 08:001071

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/17/11 10:400.010.01 U

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/17/11 10:400.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 09/17/11 10:400.2072

SM 4500SF JAGSulfide mg/L 09/20/11 08:500.40 09/20/11 11:190.101.8

SM 2320B JAGTotal Alkalinity mg/L 8.0 09/21/11 09:052.0130

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 09/22/11 10:470.20 09/26/11 14:140.051.8

SM 2540D JEWTotal Suspended Solids mg/L 09/20/11 10:021 09/21/11 09:1914

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 09/16/11 16:271 09/17/11 13:3011 U

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-33

09/16/11 12:10

Sean Harmon

09/16/11 16:00

UNSAT-IS2  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 12:100.17.0

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 12:100.110.1

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 12:100.1865

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 12:100.17.7

Inorganics

SM 4550SF JAGHydrogen Sulfide (Unionized) mg/L 09/20/11 11:280.04 09/20/11 12:080.010.86

EPA 350.1 SMDAmmonia as N mg/L 0.010 09/23/11 10:470.0050.39

SM 5210B MEJCarbonaceous BOD mg/L 09/18/11 09:282 09/23/11 09:0029

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 09/20/11 08:0010130

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/17/11 10:400.010.23

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/17/11 10:400.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 09/21/11 13:180.20120

SM 4500SF JAGSulfide mg/L 09/20/11 08:500.40 09/20/11 11:190.101.8

SM 2320B JAGTotal Alkalinity mg/L 8.0 09/21/11 09:052.0240

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108118

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 5, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-33

09/16/11 12:10

Sean Harmon

09/16/11 16:00

UNSAT-IS2  

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 09/22/11 14:000.20 09/27/11 17:390.051.8

SM 2540D JEWTotal Suspended Solids mg/L 09/20/11 10:021 09/21/11 09:1914

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 09/16/11 16:271 09/17/11 13:3011 U

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-34

09/15/11 11:10

Sean Harmon

09/15/11 16:00

Field Blank  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/15/11 11:100.18.2

DEP FT1400 SDHWater Temperature °C 0.1 09/15/11 11:100.126.0

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/15/11 11:100.136

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/15/11 11:100.17.9

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 09/23/11 10:470.0050.005 U

SM 5210B MMFCarbonaceous BOD mg/L 09/16/11 15:462 09/22/11 11:5422 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 09/20/11 08:001010 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/16/11 12:490.010.01 U

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/16/11 12:490.010.01 U

SM 2320B JAGTotal Alkalinity mg/L 8.0 09/21/11 09:052.09.9

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 09/22/11 14:000.20 09/27/11 17:390.050.05 U

SM 2540D JEWTotal Suspended Solids mg/L 09/20/11 10:021 09/21/11 09:1911 U

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 09/15/11 14:071 09/16/11 14:0011 U

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-35

09/15/11 11:00

Sean Harmon

09/15/11 16:00

Equipment Blank  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/15/11 11:000.17.8

DEP FT1400 SDHWater Temperature °C 0.1 09/15/11 11:000.125.9

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108118

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 5, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108118-35

09/15/11 11:00

Sean Harmon

09/15/11 16:00

Equipment Blank  

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/15/11 11:000.132

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/15/11 11:000.17.9

Inorganics

EPA 350.1 SMDAmmonia as N mg/L 0.010 09/23/11 10:470.0050.005 U

SM 5210B MMFCarbonaceous BOD mg/L 09/16/11 15:462 09/22/11 11:5422 U

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 09/20/11 08:001010 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/16/11 12:490.010.01 U

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/16/11 12:490.010.01 U

SM 2320B JAGTotal Alkalinity mg/L 8.0 09/21/11 09:052.09.9

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 09/22/11 14:000.20 09/27/11 17:390.050.05 U

SM 2540D JEWTotal Suspended Solids mg/L 09/20/11 10:021 09/21/11 09:1911 U

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 09/15/11 14:071 09/16/11 14:0011 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108118

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 5, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BI11503 - Ion Chromatography 300.0 Prep

Blank (BI11503-BLK1) Prepared & Analyzed: 09/15/11 

Nitrate (as N) mg/L0.04 0.010.01 U

Nitrite (as N) mg/L0.04 0.010.01 U

LCS (BI11503-BS1) Prepared & Analyzed: 09/15/11 

Nitrite (as N) mg/L0.04 1.4 85-115930.011.30

Nitrate (as N) mg/L0.04 1.7 85-115920.011.57

LCS Dup (BI11503-BSD1) Prepared & Analyzed: 09/15/11 

Nitrite (as N) mg/L0.04 1.4 20085-11591 20.011.27

Nitrate (as N) mg/L0.04 1.7 20085-11592 0.60.011.56

Matrix Spike (BI11503-MS1) Prepared & Analyzed: 09/15/11 Source: 1107980-01

Nitrite (as N) mg/L0.04 1.4 85-1151000.011.40

Nitrate (as N) mg/L0.04 1.7 0.246 85-115940.011.84

Matrix Spike (BI11503-MS2) Prepared & Analyzed: 09/15/11 Source: 1108257-02

Nitrite (as N) mg/L0.04 1400 ND 85-1151050.011,470

Nitrate (as N) mg/L0.04 1700 ND 85-115950.011,620

Batch BI11525 - Ion Chromatography 300.0 Prep

Blank (BI11525-BLK1) Prepared & Analyzed: 09/15/11 

Nitrate (as N) mg/L0.04 0.010.01 U

Sulfate mg/L0.60 0.200.20 U

Nitrite (as N) mg/L0.04 0.010.01 U

LCS (BI11525-BS1) Prepared & Analyzed: 09/15/11 

Sulfate mg/L0.60 9.0 85-115920.208.29

Nitrate (as N) mg/L0.04 1.7 85-115920.011.57

Nitrite (as N) mg/L0.04 1.4 85-115920.011.29

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108118

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 5, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BI11525 - Ion Chromatography 300.0 Prep

LCS Dup (BI11525-BSD1) Prepared & Analyzed: 09/15/11 

Nitrate (as N) mg/L0.04 1.7 20085-11594 10.011.59

Nitrite (as N) mg/L0.04 1.4 20085-11594 20.011.32

Sulfate mg/L0.60 9.0 20085-11592 0.10.208.28

Matrix Spike (BI11525-MS1) Prepared & Analyzed: 09/15/11 Source: 1108118-16

Nitrate (as N) mg/L0.04 1.7 13.6 85-1151060.0115.4

Sulfate mg/L0.60 9.0 61.3 85-115760.2068.1 +O

Nitrite (as N) mg/L0.04 1.4 ND 85-1151020.011.43

Matrix Spike (BI11525-MS2) Prepared & Analyzed: 09/15/11 Source: 1108118-26

Sulfate mg/L0.60 9.0 200 85-115NR0.20155 +O

Nitrate (as N) mg/L0.04 1.7 0.241 85-115890.011.76

Nitrite (as N) mg/L0.04 1.4 ND 85-115990.011.39

Batch BI11603 - Ion Chromatography 300.0 Prep

Blank (BI11603-BLK1) Prepared & Analyzed: 09/16/11 

Nitrite (as N) mg/L0.04 0.010.01 U

Nitrate (as N) mg/L0.04 0.010.01 U

LCS (BI11603-BS1) Prepared & Analyzed: 09/16/11 

Nitrate (as N) mg/L0.04 1.7 85-115950.011.62

Nitrite (as N) mg/L0.04 1.4 85-115930.011.30

LCS Dup (BI11603-BSD1) Prepared & Analyzed: 09/16/11 

Nitrate (as N) mg/L0.04 1.7 20085-11596 0.60.011.63

Nitrite (as N) mg/L0.04 1.4 20085-11593 00.011.30

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director
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Result PQL Units Level

Spike

Result

Source

%REC

%REC
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RPD
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Inorganics - Quality Control

MDL

Batch BI11603 - Ion Chromatography 300.0 Prep

Matrix Spike (BI11603-MS1) Prepared & Analyzed: 09/16/11 Source: 1108350-01

Nitrite (as N) mg/L0.04 1.4 ND 85-115980.011.37

Nitrate (as N) mg/L0.04 1.7 0.511 85-115850.011.96

Matrix Spike (BI11603-MS2) Prepared & Analyzed: 09/16/11 Source: 1107996-05

Nitrite (as N) mg/L0.04 1.4 ND 85-1151020.011.43

Nitrate (as N) mg/L0.04 1.7 3.21 85-115980.014.87

Batch BI11614 - BOD

Blank (BI11614-BLK1) Prepared: 09/16/11  Analyzed: 09/21/11 

Carbonaceous BOD mg/L2 22 U

LCS (BI11614-BS1) Prepared: 09/16/11  Analyzed: 09/21/11 

Carbonaceous BOD mg/L2 200 85-115982196

LCS Dup (BI11614-BSD1) Prepared: 09/16/11  Analyzed: 09/21/11 

Carbonaceous BOD mg/L2 200 20085-11597 12193

Duplicate (BI11614-DUP1) Prepared: 09/16/11  Analyzed: 09/21/11 Source: 1107983-01

Carbonaceous BOD mg/L2 95 2511285

Batch BI11627 - BOD

Blank (BI11627-BLK1) Prepared: 09/16/11  Analyzed: 09/22/11 

Carbonaceous BOD mg/L2 22 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager

Page 25 of 44



Work Order: 1108118

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 5, 2011

Result PQL Units Level

Spike

Result
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%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BI11627 - BOD

LCS (BI11627-BS1) Prepared: 09/16/11  Analyzed: 09/22/11 

Carbonaceous BOD mg/L2 200 85-1151032205

LCS Dup (BI11627-BSD1) Prepared: 09/16/11  Analyzed: 09/22/11 

Carbonaceous BOD mg/L2 200 20085-115102 12203

Duplicate (BI11627-DUP1) Prepared: 09/16/11  Analyzed: 09/22/11 Source: 1108154-01

Carbonaceous BOD mg/L2 170 2532170

Batch BI11702 - Ion Chromatography 300.0 Prep

Blank (BI11702-BLK1) Prepared & Analyzed: 09/17/11 

Nitrate (as N) mg/L0.04 0.010.01 U

Nitrite (as N) mg/L0.04 0.010.01 U

Sulfate mg/L0.60 0.200.20 U

LCS (BI11702-BS1) Prepared & Analyzed: 09/17/11 

Nitrite (as N) mg/L0.04 1.4 85-115910.011.27

Nitrate (as N) mg/L0.04 1.7 85-115920.011.57

Sulfate mg/L0.60 9.0 85-115910.208.20

LCS Dup (BI11702-BSD1) Prepared & Analyzed: 09/17/11 

Nitrite (as N) mg/L0.04 1.4 20085-11591 00.011.27

Sulfate mg/L0.60 9.0 20085-11592 0.60.208.25

Nitrate (as N) mg/L0.04 1.7 20085-11594 20.011.60

Matrix Spike (BI11702-MS1) Prepared & Analyzed: 09/17/11 Source: 1108119-33

Nitrite (as N) mg/L0.04 1.4 ND 85-1151040.011.46

Sulfate mg/L0.60 9.0 45.4 85-115840.2053.0 +O

Nitrate (as N) mg/L0.04 1.7 0.286 85-115920.011.85

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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RPD
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Inorganics - Quality Control

MDL

Batch BI11702 - Ion Chromatography 300.0 Prep

Matrix Spike (BI11702-MS2) Prepared & Analyzed: 09/17/11 Source: 1108119-43

Nitrite (as N) mg/L0.04 1.4 ND 85-1151070.011.50

Sulfate mg/L0.60 9.0 4.75 85-1151030.2014.0

Nitrate (as N) mg/L0.04 1.7 0.222 85-115930.011.80

Batch BI11801 - BOD

Blank (BI11801-BLK1) Prepared: 09/18/11  Analyzed: 09/23/11 

Carbonaceous BOD mg/L2 22 U

LCS (BI11801-BS1) Prepared: 09/18/11  Analyzed: 09/23/11 

Carbonaceous BOD mg/L2 200 85-115882176

LCS Dup (BI11801-BSD1) Prepared: 09/18/11  Analyzed: 09/23/11 

Carbonaceous BOD mg/L2 200 20085-11598 112195

Duplicate (BI11801-DUP1) Prepared: 09/18/11  Analyzed: 09/23/11 Source: 1107979-01

Carbonaceous BOD mg/L2 ND 2522 U

Batch BI11911 - alkalinity

Blank (BI11911-BLK1) Prepared & Analyzed: 09/19/11 

Total Alkalinity mg/L8.0 2.02.0 U

LCS (BI11911-BS1) Prepared & Analyzed: 09/19/11 

Total Alkalinity mg/L8.0 120 90-1101032.0130

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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RPD
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Inorganics - Quality Control

MDL

Batch BI11911 - alkalinity

Matrix Spike (BI11911-MS1) Prepared & Analyzed: 09/19/11 Source: 1108118-20

Total Alkalinity mg/L8.0 120 170 80-120952.0290

Matrix Spike Dup (BI11911-MSD1) Prepared & Analyzed: 09/19/11 Source: 1108118-20

Total Alkalinity mg/L8.0 120 170 2680-12095 02.0290

Batch BI11923 - TSS prep

Blank (BI11923-BLK1) Prepared: 09/19/11  Analyzed: 09/20/11 

Total Suspended Solids mg/L1 11 U

LCS (BI11923-BS1) Prepared: 09/19/11  Analyzed: 09/20/11 

Total Suspended Solids mg/L1 50 85-11597148.5

Duplicate (BI11923-DUP1) Prepared: 09/19/11  Analyzed: 09/20/11 Source: 1108118-01

Total Suspended Solids mg/L1 15.0 300115.0

Duplicate (BI11923-DUP2) Prepared: 09/19/11  Analyzed: 09/20/11 Source: 1108118-02

Total Suspended Solids mg/L1 20.0 300120.0

Batch BI11931 - Ion Chromatography 300.0 Prep

Blank (BI11931-BLK1) Prepared & Analyzed: 09/19/11 

Nitrate (as N) mg/L0.04 0.010.01 U

LCS (BI11931-BS1) Prepared & Analyzed: 09/19/11 

Nitrate (as N) mg/L0.04 1.7 85-115940.011.60

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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RPD
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Batch BI11931 - Ion Chromatography 300.0 Prep

LCS Dup (BI11931-BSD1) Prepared & Analyzed: 09/19/11 

Nitrate (as N) mg/L0.04 1.7 20085-11595 0.60.011.61

Matrix Spike (BI11931-MS1) Prepared & Analyzed: 09/19/11 Source: 1108431-01

Nitrate (as N) mg/L0.04 1.7 15.6 85-1151530.0118.2 +O

Matrix Spike (BI11931-MS2) Prepared & Analyzed: 09/19/11 Source: 1107976-01

Nitrate (as N) mg/L0.04 17 2.94 85-115900.0118.2

Batch BI11942 - COD prep

Blank (BI11942-BLK1) Prepared & Analyzed: 09/19/11 

Chemical Oxygen Demand mg/L25 1010 U

LCS (BI11942-BS1) Prepared & Analyzed: 09/19/11 

Chemical Oxygen Demand mg/L25 50 90-1101061053

Matrix Spike (BI11942-MS1) Prepared & Analyzed: 09/19/11 Source: 1108118-13

Chemical Oxygen Demand mg/L25 50 ND 85-1151001050

Matrix Spike Dup (BI11942-MSD1) Prepared & Analyzed: 09/19/11 Source: 1108118-13

Chemical Oxygen Demand mg/L25 50 ND 3285-115100 01050

Batch BI11943 - COD prep

Blank (BI11943-BLK1) Prepared & Analyzed: 09/19/11 

Chemical Oxygen Demand mg/L25 1010 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Inorganics - Quality Control
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Batch BI11943 - COD prep

LCS (BI11943-BS1) Prepared & Analyzed: 09/19/11 

Chemical Oxygen Demand mg/L25 50 90-1101061053

Matrix Spike (BI11943-MS1) Prepared & Analyzed: 09/19/11 Source: 1108118-14

Chemical Oxygen Demand mg/L25 50 ND 85-1151061053

Matrix Spike Dup (BI11943-MSD1) Prepared & Analyzed: 09/19/11 Source: 1108118-14

Chemical Oxygen Demand mg/L25 50 ND 3285-115100 61050

Batch BI12004 - COD prep

Blank (BI12004-BLK1) Prepared & Analyzed: 09/20/11 

Chemical Oxygen Demand mg/L25 1010 U

LCS (BI12004-BS1) Prepared & Analyzed: 09/20/11 

Chemical Oxygen Demand mg/L25 50 90-1101001050

Matrix Spike (BI12004-MS1) Prepared & Analyzed: 09/20/11 Source: 1107977-01

Chemical Oxygen Demand mg/L25 50 24 85-115901069

Matrix Spike Dup (BI12004-MSD1) Prepared & Analyzed: 09/20/11 Source: 1107977-01

Chemical Oxygen Demand mg/L25 50 24 3285-115106 111077

Batch BI12007 - TSS prep

Blank (BI12007-BLK1) Prepared: 09/20/11  Analyzed: 09/21/11 

Total Suspended Solids mg/L1 11 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Inorganics - Quality Control

MDL

Batch BI12007 - TSS prep

LCS (BI12007-BS1) Prepared: 09/20/11  Analyzed: 09/21/11 

Total Suspended Solids mg/L1 50 85-11598149.0

Duplicate (BI12007-DUP1) Prepared: 09/20/11  Analyzed: 09/21/11 Source: 1108351-01

Total Suspended Solids mg/L1 190 3031184

Duplicate (BI12007-DUP2) Prepared: 09/20/11  Analyzed: 09/21/11 Source: 1108351-05

Total Suspended Solids mg/L1 1.50 30011.50

Batch BI12013 - Sulfide prep

Blank (BI12013-BLK1) Prepared & Analyzed: 09/20/11 

Sulfide mg/L0.40 0.100.10 U

LCS (BI12013-BS1) Prepared & Analyzed: 09/20/11 

Sulfide mg/L0.40 5.0 85-115940.104.68

Matrix Spike (BI12013-MS1) Prepared & Analyzed: 09/20/11 Source: 1108117-04

Sulfide mg/L0.40 5.0 ND 85-1151010.105.07

Matrix Spike Dup (BI12013-MSD1) Prepared & Analyzed: 09/20/11 Source: 1108117-04

Sulfide mg/L0.40 5.0 ND 1485-115101 00.105.07

Batch BI12014 - Sulfide prep

Blank (BI12014-BLK1) Prepared & Analyzed: 09/20/11 

Sulfide mg/L0.40 0.100.10 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director
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Batch BI12014 - Sulfide prep

LCS (BI12014-BS1) Prepared & Analyzed: 09/20/11 

Sulfide mg/L0.40 5.0 85-115940.104.68

Matrix Spike (BI12014-MS1) Prepared & Analyzed: 09/20/11 Source: 1108118-24

Sulfide mg/L0.40 5.0 ND 85-1151050.105.26

Matrix Spike Dup (BI12014-MSD1) Prepared & Analyzed: 09/20/11 Source: 1108118-24

Sulfide mg/L0.40 5.0 ND 1485-115105 00.105.26

Batch BI12105 - Ion Chromatography 300.0 Prep

Blank (BI12105-BLK1) Prepared & Analyzed: 09/21/11 

Sulfate mg/L0.60 0.200.20 U

LCS (BI12105-BS1) Prepared & Analyzed: 09/21/11 

Sulfate mg/L0.60 9.0 85-115930.208.34

LCS Dup (BI12105-BSD1) Prepared & Analyzed: 09/21/11 

Sulfate mg/L0.60 9.0 20085-11591 20.208.18

Matrix Spike (BI12105-MS1) Prepared & Analyzed: 09/21/11 Source: 1107977-01

Sulfate mg/L0.60 90 62.1 85-115910.20144

Matrix Spike (BI12105-MS2) Prepared & Analyzed: 09/21/11 Source: 1107978-01

Sulfate mg/L0.60 9.0 66.8 85-1151680.2081.9 +O

Batch BI12128 - alkalinity

Blank (BI12128-BLK1) Prepared & Analyzed: 09/21/11 

Total Alkalinity mg/L8.0 2.02.0 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director
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Batch BI12128 - alkalinity

LCS (BI12128-BS1) Prepared & Analyzed: 09/21/11 

Total Alkalinity mg/L8.0 120 90-110952.0120

Matrix Spike (BI12128-MS1) Prepared & Analyzed: 09/21/11 Source: 1108254-05

Total Alkalinity mg/L8.0 120 80 80-120862.0190

Matrix Spike Dup (BI12128-MSD1) Prepared & Analyzed: 09/21/11 Source: 1108254-05

Total Alkalinity mg/L8.0 120 80 2680-12086 02.0190

Batch BI12129 - alkalinity

Blank (BI12129-BLK1) Prepared & Analyzed: 09/21/11 

Total Alkalinity mg/L8.0 2.02.0 U

LCS (BI12129-BS1) Prepared & Analyzed: 09/21/11 

Total Alkalinity mg/L8.0 120 90-110952.0120

Matrix Spike (BI12129-MS1) Prepared & Analyzed: 09/21/11 Source: 1108254-06

Total Alkalinity mg/L8.0 120 63 80-1201082.0200

Matrix Spike Dup (BI12129-MSD1) Prepared & Analyzed: 09/21/11 Source: 1108254-06

Total Alkalinity mg/L8.0 120 63 2680-120108 02.0200

Batch BI12213 - Digestion for TKN by EPA 351.2

Blank (BI12213-BLK1) Prepared: 09/22/11  Analyzed: 09/26/11 

Total Kjeldahl Nitrogen mg/L0.20 0.050.05 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager

Page 33 of 44



Work Order: 1108118

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 5, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD
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Batch BI12213 - Digestion for TKN by EPA 351.2

Blank (BI12213-BLK2) Prepared: 09/22/11  Analyzed: 09/26/11 

Total Kjeldahl Nitrogen mg/L0.20 0.050.05 U

LCS (BI12213-BS1) Prepared: 09/22/11  Analyzed: 09/26/11 

Total Kjeldahl Nitrogen mg/L0.20 2.5 90-110920.052.34

LCS (BI12213-BS2) Prepared: 09/22/11  Analyzed: 09/26/11 

Total Kjeldahl Nitrogen mg/L0.20 2.5 90-110920.052.33

Matrix Spike (BI12213-MS1) Prepared: 09/22/11  Analyzed: 09/26/11 Source: 1108027-08

Total Kjeldahl Nitrogen mg/L0.20 2.5 0.697 80-120900.052.97

Matrix Spike (BI12213-MS2) Prepared: 09/22/11  Analyzed: 09/26/11 Source: 1108118-05

Total Kjeldahl Nitrogen mg/L0.20 2.5 2.01 80-120950.054.43

Matrix Spike Dup (BI12213-MSD1) Prepared: 09/22/11  Analyzed: 09/26/11 Source: 1108027-08

Total Kjeldahl Nitrogen mg/L0.20 2.5 0.697 2080-12084 50.052.83

Matrix Spike Dup (BI12213-MSD2) Prepared: 09/22/11  Analyzed: 09/26/11 Source: 1108118-05

Total Kjeldahl Nitrogen mg/L0.20 2.5 2.01 2080-120102 40.054.60

Batch BI12215 - Digestion for TKN by EPA 351.2

Blank (BI12215-BLK1) Prepared: 09/22/11  Analyzed: 09/26/11 

Total Kjeldahl Nitrogen mg/L0.20 0.050.05 U

LCS (BI12215-BS1) Prepared: 09/22/11  Analyzed: 09/26/11 

Total Kjeldahl Nitrogen mg/L0.20 2.5 90-110930.052.36
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Batch BI12215 - Digestion for TKN by EPA 351.2

Matrix Spike (BI12215-MS1) Prepared: 09/22/11  Analyzed: 09/26/11 Source: 1108118-16

Total Kjeldahl Nitrogen mg/L0.20 2.5 2.53 80-1201190.055.54

Matrix Spike Dup (BI12215-MSD1) Prepared: 09/22/11  Analyzed: 09/26/11 Source: 1108118-16

Total Kjeldahl Nitrogen mg/L0.20 2.5 2.53 2080-120109 50.055.29

Batch BI12232 - Ammonia by SEAL

Blank (BI12232-BLK1) Prepared & Analyzed: 09/23/11 

Ammonia as N mg/L0.010 0.0050.005 U

Blank (BI12232-BLK2) Prepared & Analyzed: 09/23/11 

Ammonia as N mg/L0.010 0.0050.005 U

LCS (BI12232-BS1) Prepared & Analyzed: 09/23/11 

Ammonia as N mg/L0.010 0.50 90-1101060.0050.53

LCS (BI12232-BS2) Prepared & Analyzed: 09/23/11 

Ammonia as N mg/L0.010 0.50 90-1101040.0050.52

Matrix Spike (BI12232-MS1) Prepared & Analyzed: 09/23/11 Source: 1108118-13

Ammonia as N mg/L0.010 0.50 0.039 90-110920.0050.50

Matrix Spike (BI12232-MS2) Prepared & Analyzed: 09/23/11 Source: 1108118-21

Ammonia as N mg/L0.010 0.50 0.023 90-1101090.0050.57

Matrix Spike Dup (BI12232-MSD1) Prepared & Analyzed: 09/23/11 Source: 1108118-13

Ammonia as N mg/L0.010 0.50 0.039 1090-11093 10.0050.50
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Batch BI12232 - Ammonia by SEAL

Matrix Spike Dup (BI12232-MSD2) Prepared & Analyzed: 09/23/11 Source: 1108118-21

Ammonia as N mg/L0.010 0.50 0.023 1090-110112 30.0050.59

Batch BI12236 - Digestion for TKN by EPA 351.2

Blank (BI12236-BLK1) Prepared: 09/22/11  Analyzed: 09/27/11 

Total Kjeldahl Nitrogen mg/L0.20 0.050.05 U

Blank (BI12236-BLK2) Prepared: 09/22/11  Analyzed: 09/27/11 

Total Kjeldahl Nitrogen mg/L0.20 0.050.05 U

Blank (BI12236-BLK3) Prepared: 09/22/11  Analyzed: 09/27/11 

Total Kjeldahl Nitrogen mg/L0.20 0.050.05 U

Blank (BI12236-BLK4) Prepared: 09/22/11  Analyzed: 09/27/11 

Total Kjeldahl Nitrogen mg/L0.20 0.050.0509 I

LCS (BI12236-BS1) Prepared: 09/22/11  Analyzed: 09/27/11 

Total Kjeldahl Nitrogen mg/L0.20 2.5 90-110980.052.47

LCS (BI12236-BS2) Prepared: 09/22/11  Analyzed: 09/27/11 

Total Kjeldahl Nitrogen mg/L0.20 2.5 90-110910.052.30

LCS (BI12236-BS3) Prepared: 09/22/11  Analyzed: 09/27/11 

Total Kjeldahl Nitrogen mg/L0.20 2.5 90-110940.052.38

LCS (BI12236-BS4) Prepared: 09/22/11  Analyzed: 09/27/11 

Total Kjeldahl Nitrogen mg/L0.20 2.5 90-110940.052.39

FDOH Laboratory No.E84129
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Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 5, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BI12236 - Digestion for TKN by EPA 351.2

Matrix Spike (BI12236-MS1) Prepared: 09/22/11  Analyzed: 09/27/11 Source: 1108118-35

Total Kjeldahl Nitrogen mg/L0.20 2.5 ND 80-1201030.052.61

Matrix Spike (BI12236-MS2) Prepared: 09/22/11  Analyzed: 09/27/11 Source: 1108028-01

Total Kjeldahl Nitrogen mg/L0.20 2.5 ND 80-1201070.052.72

Matrix Spike (BI12236-MS3) Prepared: 09/22/11  Analyzed: 09/27/11 Source: 1108028-06

Total Kjeldahl Nitrogen mg/L0.20 2.5 ND 80-120990.052.52

Matrix Spike (BI12236-MS4) Prepared: 09/22/11  Analyzed: 09/27/11 Source: 1108166-02

Total Kjeldahl Nitrogen mg/L0.20 2.5 0.794 80-1201150.053.70

Matrix Spike Dup (BI12236-MSD1) Prepared: 09/22/11  Analyzed: 09/27/11 Source: 1108118-35

Total Kjeldahl Nitrogen mg/L0.20 2.5 ND 2080-120100 30.052.53

Matrix Spike Dup (BI12236-MSD2) Prepared: 09/22/11  Analyzed: 09/27/11 Source: 1108028-01

Total Kjeldahl Nitrogen mg/L0.20 2.5 ND 2080-120112 40.052.83

Matrix Spike Dup (BI12236-MSD3) Prepared: 09/22/11  Analyzed: 09/27/11 Source: 1108028-06

Total Kjeldahl Nitrogen mg/L0.20 2.5 ND 2080-12096 40.052.43

Matrix Spike Dup (BI12236-MSD4) Prepared: 09/22/11  Analyzed: 09/27/11 Source: 1108166-02

Total Kjeldahl Nitrogen mg/L0.20 2.5 0.794 2080-120109 40.053.55

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108118

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 5, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Metals - Quality Control

MDL

Batch BI12002 - Metals Preparation for EPA Method 200.7

Blank (BI12002-BLK1) Prepared: 09/20/11  Analyzed: 09/22/11 

Sodium mg/L0.050 0.0100.058

LCS (BI12002-BS1) Prepared: 09/20/11  Analyzed: 09/22/11 

Sodium mg/L0.050 20 85-1151100.01022

Matrix Spike (BI12002-MS1) Prepared: 09/20/11  Analyzed: 09/22/11 Source: 1107759-01

Sodium mg/L0.050 20 7.0 70-1301080.01029

Matrix Spike (BI12002-MS2) Prepared: 09/20/11  Analyzed: 09/22/11 Source: 1108308-01

Sodium mg/L0.050 20 30 70-1301100.01052

Matrix Spike Dup (BI12002-MSD1) Prepared: 09/20/11  Analyzed: 09/22/11 Source: 1107759-01

Sodium mg/L0.050 20 7.0 3070-130106 20.01028

Matrix Spike Dup (BI12002-MSD2) Prepared: 09/20/11  Analyzed: 09/22/11 Source: 1108308-01

Sodium mg/L0.050 20 30 3070-130121 40.01055

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108118

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 5, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Microbiology - Quality Control

MDL

Batch BI11521 - FC-MF

Blank (BI11521-BLK1) Prepared: 09/15/11  Analyzed: 09/16/11 

Fecal Coliforms CFU/100 ml1 11 U

Duplicate (BI11521-DUP1) Prepared: 09/15/11  Analyzed: 09/16/11 Source: 1108118-08

Fecal Coliforms Confirmed [blank] ND 2000

Fecal Coliforms CFU/100 ml1 740 20001740

Duplicate (BI11521-DUP2) Prepared: 09/15/11  Analyzed: 09/16/11 Source: 1108118-11

Fecal Coliforms Confirmed [blank] ND 2000

Fecal Coliforms CFU/100 ml1 30.0 2000130.0

Batch BI11530 - FC-MF

Blank (BI11530-BLK1) Prepared: 09/15/11  Analyzed: 09/16/11 

Fecal Coliforms CFU/100 ml1 11 U

Duplicate (BI11530-DUP1) Prepared: 09/15/11  Analyzed: 09/16/11 Source: 1108118-01

Fecal Coliforms Confirmed [blank] ND 2000

Fecal Coliforms CFU/100 ml1 8400 200719,000

Duplicate (BI11530-DUP2) Prepared: 09/15/11  Analyzed: 09/16/11 Source: 1108118-02

Fecal Coliforms Confirmed [blank] ND 2000

Fecal Coliforms CFU/100 ml1 8900 200819,600

Batch BI11633 - FC-MF

Blank (BI11633-BLK1) Prepared: 09/16/11  Analyzed: 09/17/11 

Fecal Coliforms CFU/100 ml1 11 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108118

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 5, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Microbiology - Quality Control

MDL

Batch BI11633 - FC-MF

Duplicate (BI11633-DUP1) Prepared: 09/16/11  Analyzed: 09/17/11 Source: 1108117-01

Fecal Coliforms Confirmed [blank] ND 2000

Fecal Coliforms CFU/100 ml1 ND 20011 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108118

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 5, 2011

* Qualifiers, Notes and Definitions

Results followed by a "U" indicate that the sample was analyzed but the compound was not detected. Results followed by "I" indicate 

that the reported value is between the laboratory method detection limts and the laboratory practical quantitation limit.

A statement of estimated uncertainty of test results is available upon request.

For methods marked with  **, all QC criteria have been met for this method which is equivalent to a SAL certified method.

Test results in this report meet all the requirements of the NELAC standards. Any applicable qualifiers are shown below. 

Questions regarding this report should be directed to Client Services at 813-855-1844.

+O Matrix spike source sample was over the reccommended range for the method.

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108117

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

September 28, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108117-01

09/16/11 12:30

Sean Harmon

09/16/11 16:00

UNSAT-IS3-SP  

Inorganics

SM 4550SF JAGHydrogen Sulfide (Unionized) mg/L 09/20/11 11:280.04 09/20/11 12:080.010.01 U

EPA 350.1 SMDAmmonia as N mg/L 0.010 09/19/11 17:320.0050.061

SM 5210B MEJCarbonaceous BOD mg/L 09/18/11 09:282 09/23/11 09:0027

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/19/11 09:001044

EPA 300.0 MEJSulfate mg/L 0.60 09/20/11 18:270.2075

SM 4500SF JAGSulfide mg/L 09/20/11 08:500.40 09/20/11 11:130.100.10 U

SM 2320B JAGTotal Alkalinity mg/L 8.0 09/21/11 09:052.059

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 09/19/11 17:110.20 09/28/11 10:220.053.4

SM 2540D JEWTotal Suspended Solids mg/L 09/20/11 10:021 09/21/11 09:1912

EPA 353.2 SMDNitrate+Nitrite (N) mg/L 0.04 09/23/11 10:410.0118

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 09/16/11 16:271 09/17/11 13:3011 U

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108117-02

09/14/11 08:25

Josephine Edeback-Hirst

09/14/11 11:15

UNSAT-IS3  

Inorganics

SM 4550SF JAGHydrogen Sulfide (Unionized) mg/L 09/20/11 11:280.04 09/20/11 12:080.010.01 U

EPA 350.1 SMDAmmonia as N mg/L 0.010 09/19/11 17:320.0050.49

SM 5210B MMFCarbonaceous BOD mg/L 09/15/11 10:082 09/20/11 13:0023

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/19/11 09:001048

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/15/11 00:360.010.68

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/15/11 00:360.010.33

EPA 300.0 MEJSulfate mg/L 0.60 09/20/11 18:270.20200

SM 4500SF JAGSulfide mg/L 09/20/11 08:500.40 09/20/11 11:130.100.10 U

SM 2320B KTCTotal Alkalinity mg/L 8.0 09/15/11 08:452.0180

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 09/19/11 17:110.20 09/28/11 10:220.051.7

SM 2540D JEWTotal Suspended Solids mg/L 09/15/11 13:501 09/16/11 15:1818

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 09/14/11 12:561 09/15/11 12:2211 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108117

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

September 28, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108117-03

09/16/11 12:40

Sean Harmon

09/16/11 16:00

UNSAT-IS4-SP  

Inorganics

SM 4550SF JAGHydrogen Sulfide (Unionized) mg/L 09/20/11 11:280.04 09/20/11 12:080.010.01 U

EPA 350.1 SMDAmmonia as N mg/L 0.010 09/19/11 17:320.0050.86

SM 5210B MEJCarbonaceous BOD mg/L 09/18/11 09:282 09/23/11 09:0025

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/19/11 09:001061

EPA 300.0 MEJSulfate mg/L 0.60 09/20/11 18:270.2063

SM 4500SF JAGSulfide mg/L 09/20/11 08:500.40 09/20/11 11:130.100.10 U

SM 2320B JAGTotal Alkalinity mg/L 8.0 09/21/11 09:052.0270

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 09/19/11 17:110.20 09/28/11 10:220.052.1

SM 2540D JEWTotal Suspended Solids mg/L 09/20/11 10:021 09/21/11 09:1912

EPA 353.2 SMDNitrate+Nitrite (N) mg/L 0.04 09/23/11 10:410.011.2

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 09/16/11 16:271 09/17/11 13:3011 U

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108117-04

09/14/11 08:25

Josephine Edeback-Hirst

09/14/11 11:15

UNSAT-IS4  

Inorganics

SM 4550SF JAGHydrogen Sulfide (Unionized) mg/L 09/20/11 11:280.04 09/20/11 12:080.010.01 U

EPA 350.1 SMDAmmonia as N mg/L 0.010 09/19/11 17:320.0050.59

SM 5210B MMFCarbonaceous BOD mg/L 09/15/11 10:082 09/20/11 13:0022 U

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/19/11 09:001069

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/15/11 00:360.010.23

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/15/11 00:360.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 09/21/11 13:180.20110

SM 4500SF JAGSulfide mg/L 09/20/11 08:500.40 09/20/11 11:130.100.10 U

SM 2320B KTCTotal Alkalinity mg/L 8.0 09/15/11 08:452.0400

EPA 351.2 SMDTotal Kjeldahl Nitrogen mg/L 09/19/11 17:110.20 09/28/11 10:220.051.8

SM 2540D JEWTotal Suspended Solids mg/L 09/15/11 13:501 09/16/11 15:1816

Microbiology

SM 9222D MEJFecal Coliforms CFU/100 ml 09/14/11 12:561 09/15/11 12:2211 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108117

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

September 28, 2011

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108117-04RE1

09/14/11 08:25

Josephine Edeback-Hirst

09/14/11 11:15

UNSAT-IS4  

Inorganics

EPA 300.0 MEJSulfate mg/L 0.60 09/22/11 13:380.20110

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager

Page 3 of 16



Work Order: 1108117

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

September 28, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BI11433 - Ion Chromatography 300.0 Prep

Blank (BI11433-BLK1) Prepared & Analyzed: 09/15/11 

Sulfate mg/L0.60 0.200.20 U

Nitrate (as N) mg/L0.04 0.010.01 U

Nitrite (as N) mg/L0.04 0.010.01 U

LCS (BI11433-BS1) Prepared & Analyzed: 09/15/11 

Sulfate mg/L0.60 9.0 85-1151020.209.19

Nitrate (as N) mg/L0.04 1.7 85-115990.011.69

Nitrite (as N) mg/L0.04 1.4 85-115910.011.28

LCS Dup (BI11433-BSD1) Prepared & Analyzed: 09/15/11 

Sulfate mg/L0.60 9.0 20085-11597 50.208.74

Nitrite (as N) mg/L0.04 1.4 20085-11593 20.011.30

Nitrate (as N) mg/L0.04 1.7 20085-11595 40.011.62

Matrix Spike (BI11433-MS1) Prepared & Analyzed: 09/15/11 Source: 1107594-04

Nitrite (as N) mg/L0.04 1.4 ND 85-115970.011.36

Sulfate mg/L0.60 9.0 ND 85-115960.208.66

Nitrate (as N) mg/L0.04 1.7 ND 85-115940.011.59

Matrix Spike (BI11433-MS2) Prepared & Analyzed: 09/15/11 Source: 1108117-04

Sulfate mg/L0.60 9.0 107 85-1152220.20127 +O

Nitrite (as N) mg/L0.04 1.4 ND 85-1151080.011.51

Nitrate (as N) mg/L0.04 1.7 0.226 85-1151010.011.95

Batch BI11507 - alkalinity

Blank (BI11507-BLK1) Prepared & Analyzed: 09/15/11 

Total Alkalinity mg/L8.0 2.02.0 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108117

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

September 28, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BI11507 - alkalinity

LCS (BI11507-BS1) Prepared & Analyzed: 09/15/11 

Total Alkalinity mg/L8.0 120 90-110952.0120

Matrix Spike (BI11507-MS1) Prepared & Analyzed: 09/15/11 Source: 1108117-04

Total Alkalinity mg/L8.0 120 400 80-120882.0510

Matrix Spike Dup (BI11507-MSD1) Prepared & Analyzed: 09/15/11 Source: 1108117-04

Total Alkalinity mg/L8.0 120 400 2680-12088 02.0510

Batch BI11522 - BOD

Blank (BI11522-BLK1) Prepared: 09/15/11  Analyzed: 09/20/11 

Carbonaceous BOD mg/L2 22 U

LCS (BI11522-BS1) Prepared: 09/15/11  Analyzed: 09/20/11 

Carbonaceous BOD mg/L2 200 85-115892177

LCS Dup (BI11522-BSD1) Prepared: 09/15/11  Analyzed: 09/20/11 

Carbonaceous BOD mg/L2 200 20085-11590 22180

Duplicate (BI11522-DUP1) Prepared: 09/15/11  Analyzed: 09/20/11 Source: 1107550-01

Carbonaceous BOD mg/L2 150 25152130

Batch BI11527 - TSS prep

Blank (BI11527-BLK1) Prepared: 09/15/11  Analyzed: 09/16/11 

Total Suspended Solids mg/L1 11 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108117

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

September 28, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BI11527 - TSS prep

LCS (BI11527-BS1) Prepared: 09/15/11  Analyzed: 09/16/11 

Total Suspended Solids mg/L1 50 85-115104152.0

Duplicate (BI11527-DUP1) Prepared: 09/15/11  Analyzed: 09/16/11 Source: 1108139-01

Total Suspended Solids mg/L1 133 3001133

Duplicate (BI11527-DUP2) Prepared: 09/15/11  Analyzed: 09/16/11 Source: 1108142-01

Total Suspended Solids mg/L1 107 3041103

Batch BI11801 - BOD

Blank (BI11801-BLK1) Prepared: 09/18/11  Analyzed: 09/23/11 

Carbonaceous BOD mg/L2 22 U

LCS (BI11801-BS1) Prepared: 09/18/11  Analyzed: 09/23/11 

Carbonaceous BOD mg/L2 200 85-115882176

LCS Dup (BI11801-BSD1) Prepared: 09/18/11  Analyzed: 09/23/11 

Carbonaceous BOD mg/L2 200 20085-11598 112195

Duplicate (BI11801-DUP1) Prepared: 09/18/11  Analyzed: 09/23/11 Source: 1107979-01

Carbonaceous BOD mg/L2 ND 2522 U

Batch BI11933 - Ammonia by SEAL

Blank (BI11933-BLK1) Prepared & Analyzed: 09/19/11 

Ammonia as N mg/L0.010 0.0050.005 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108117

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

September 28, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BI11933 - Ammonia by SEAL

LCS (BI11933-BS1) Prepared & Analyzed: 09/19/11 

Ammonia as N mg/L0.010 0.50 90-110960.0050.48

Matrix Spike (BI11933-MS1) Prepared & Analyzed: 09/19/11 Source: 1107975-07

Ammonia as N mg/L0.010 0.50 ND 90-110970.0050.48

Matrix Spike Dup (BI11933-MSD1) Prepared & Analyzed: 09/19/11 Source: 1107975-07

Ammonia as N mg/L0.010 0.50 ND 1090-11098 20.0050.49

Batch BI11942 - COD prep

Blank (BI11942-BLK1) Prepared & Analyzed: 09/19/11 

Chemical Oxygen Demand mg/L25 1010 U

LCS (BI11942-BS1) Prepared & Analyzed: 09/19/11 

Chemical Oxygen Demand mg/L25 50 90-1101061053

Matrix Spike (BI11942-MS1) Prepared & Analyzed: 09/19/11 Source: 1108118-13

Chemical Oxygen Demand mg/L25 50 ND 85-1151001050

Matrix Spike Dup (BI11942-MSD1) Prepared & Analyzed: 09/19/11 Source: 1108118-13

Chemical Oxygen Demand mg/L25 50 ND 3285-115100 01050

Batch BI11945 - Digestion for TKN by EPA 351.2

Blank (BI11945-BLK1) Prepared: 09/19/11  Analyzed: 09/28/11 

Total Kjeldahl Nitrogen mg/L0.20 0.050.05 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108117

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

September 28, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BI11945 - Digestion for TKN by EPA 351.2

Blank (BI11945-BLK2) Prepared: 09/19/11  Analyzed: 09/28/11 

Total Kjeldahl Nitrogen mg/L0.20 0.050.05 U

Blank (BI11945-BLK3) Prepared: 09/19/11  Analyzed: 09/28/11 

Total Kjeldahl Nitrogen mg/L0.20 0.050.05 U

Blank (BI11945-BLK4) Prepared: 09/19/11  Analyzed: 09/28/11 

Total Kjeldahl Nitrogen mg/L0.20 0.050.05 U

LCS (BI11945-BS1) Prepared: 09/19/11  Analyzed: 09/28/11 

Total Kjeldahl Nitrogen mg/L0.20 2.5 90-1101080.052.71

LCS (BI11945-BS2) Prepared: 09/19/11  Analyzed: 09/28/11 

Total Kjeldahl Nitrogen mg/L0.20 2.5 90-1101070.052.69

LCS (BI11945-BS3) Prepared: 09/19/11  Analyzed: 09/28/11 

Total Kjeldahl Nitrogen mg/L0.20 2.5 90-1101080.052.70

LCS (BI11945-BS4) Prepared: 09/19/11  Analyzed: 09/28/11 

Total Kjeldahl Nitrogen mg/L0.20 2.5 90-1101090.052.72

Matrix Spike (BI11945-MS1) Prepared: 09/19/11  Analyzed: 09/28/11 Source: 1108026-10

Total Kjeldahl Nitrogen mg/L0.20 2.5 ND 80-1201150.052.89

Matrix Spike (BI11945-MS2) Prepared: 09/19/11  Analyzed: 09/28/11 Source: 1108147-02

Total Kjeldahl Nitrogen mg/L0.20 2.5 1.24 80-1201010.053.76

Matrix Spike (BI11945-MS3) Prepared: 09/19/11  Analyzed: 09/28/11 Source: 1107795-01

Total Kjeldahl Nitrogen mg/L0.20 2.5 0.0768 80-120890.052.30

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108117

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

September 28, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BI11945 - Digestion for TKN by EPA 351.2

Matrix Spike (BI11945-MS4) Prepared: 09/19/11  Analyzed: 09/28/11 Source: 1107795-10

Total Kjeldahl Nitrogen mg/L0.20 2.5 0.0719 80-120990.052.55

Matrix Spike Dup (BI11945-MSD1) Prepared: 09/19/11  Analyzed: 09/28/11 Source: 1108026-10

Total Kjeldahl Nitrogen mg/L0.20 2.5 ND 2080-120116 0.30.052.90

Matrix Spike Dup (BI11945-MSD2) Prepared: 09/19/11  Analyzed: 09/28/11 Source: 1108147-02

Total Kjeldahl Nitrogen mg/L0.20 2.5 1.24 2080-120109 50.053.96

Matrix Spike Dup (BI11945-MSD3) Prepared: 09/19/11  Analyzed: 09/28/11 Source: 1107795-01

Total Kjeldahl Nitrogen mg/L0.20 2.5 0.0768 2080-12098 100.052.54

Matrix Spike Dup (BI11945-MSD4) Prepared: 09/19/11  Analyzed: 09/28/11 Source: 1107795-10

Total Kjeldahl Nitrogen mg/L0.20 2.5 0.0719 2080-12098 10.052.52

Batch BI12007 - TSS prep

Blank (BI12007-BLK1) Prepared: 09/20/11  Analyzed: 09/21/11 

Total Suspended Solids mg/L1 11 U

LCS (BI12007-BS1) Prepared: 09/20/11  Analyzed: 09/21/11 

Total Suspended Solids mg/L1 50 85-11598149.0

Duplicate (BI12007-DUP1) Prepared: 09/20/11  Analyzed: 09/21/11 Source: 1108351-01

Total Suspended Solids mg/L1 190 3031184

Duplicate (BI12007-DUP2) Prepared: 09/20/11  Analyzed: 09/21/11 Source: 1108351-05

Total Suspended Solids mg/L1 1.50 30011.50

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108117

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

September 28, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BI12013 - Sulfide prep

Blank (BI12013-BLK1) Prepared & Analyzed: 09/20/11 

Sulfide mg/L0.40 0.100.10 U

LCS (BI12013-BS1) Prepared & Analyzed: 09/20/11 

Sulfide mg/L0.40 5.0 85-115940.104.68

Matrix Spike (BI12013-MS1) Prepared & Analyzed: 09/20/11 Source: 1108117-04

Sulfide mg/L0.40 5.0 ND 85-1151010.105.07

Matrix Spike Dup (BI12013-MSD1) Prepared & Analyzed: 09/20/11 Source: 1108117-04

Sulfide mg/L0.40 5.0 ND 1485-115101 00.105.07

Batch BI12023 - Ion Chromatography 300.0 Prep

Blank (BI12023-BLK1) Prepared & Analyzed: 09/20/11 

Sulfate mg/L0.60 0.200.20 U

LCS (BI12023-BS1) Prepared & Analyzed: 09/20/11 

Sulfate mg/L0.60 9.0 85-115920.208.28

LCS Dup (BI12023-BSD1) Prepared & Analyzed: 09/20/11 

Sulfate mg/L0.60 9.0 20085-11595 30.208.54

Matrix Spike (BI12023-MS1) Prepared & Analyzed: 09/20/11 Source: 1108484-02

Sulfate mg/L0.60 9.0 39.4 85-115490.2043.8 +O

Matrix Spike (BI12023-MS2) Prepared & Analyzed: 09/20/11 Source: 1108117-03

Sulfate mg/L0.60 90 62.8 85-115980.20151

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108117

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

September 28, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BI12105 - Ion Chromatography 300.0 Prep

Blank (BI12105-BLK1) Prepared & Analyzed: 09/21/11 

Sulfate mg/L0.60 0.200.20 U

LCS (BI12105-BS1) Prepared & Analyzed: 09/21/11 

Sulfate mg/L0.60 9.0 85-115930.208.34

LCS Dup (BI12105-BSD1) Prepared & Analyzed: 09/21/11 

Sulfate mg/L0.60 9.0 20085-11591 20.208.18

Matrix Spike (BI12105-MS1) Prepared & Analyzed: 09/21/11 Source: 1107977-01

Sulfate mg/L0.60 90 62.1 85-115910.20144

Matrix Spike (BI12105-MS2) Prepared & Analyzed: 09/21/11 Source: 1107978-01

Sulfate mg/L0.60 9.0 66.8 85-1151680.2081.9 +O

Batch BI12128 - alkalinity

Blank (BI12128-BLK1) Prepared & Analyzed: 09/21/11 

Total Alkalinity mg/L8.0 2.02.0 U

LCS (BI12128-BS1) Prepared & Analyzed: 09/21/11 

Total Alkalinity mg/L8.0 120 90-110952.0120

Matrix Spike (BI12128-MS1) Prepared & Analyzed: 09/21/11 Source: 1108254-05

Total Alkalinity mg/L8.0 120 80 80-120862.0190

Matrix Spike Dup (BI12128-MSD1) Prepared & Analyzed: 09/21/11 Source: 1108254-05

Total Alkalinity mg/L8.0 120 80 2680-12086 02.0190

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108117

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

September 28, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BI12303 - Nitrate 353.2 by seal

Blank (BI12303-BLK1) Prepared & Analyzed: 09/23/11 

Nitrate+Nitrite (N) mg/L0.04 0.010.01 U

Blank (BI12303-BLK2) Prepared & Analyzed: 09/23/11 

Nitrate+Nitrite (N) mg/L0.04 0.010.01 U

Blank (BI12303-BLK3) Prepared & Analyzed: 09/23/11 

Nitrate+Nitrite (N) mg/L0.04 0.010.01 U

Blank (BI12303-BLK4) Prepared & Analyzed: 09/23/11 

Nitrate+Nitrite (N) mg/L0.04 0.010.01 U

LCS (BI12303-BS1) Prepared & Analyzed: 09/23/11 

Nitrate+Nitrite (N) mg/L0.04 0.80 90-110960.010.769

LCS (BI12303-BS2) Prepared & Analyzed: 09/23/11 

Nitrate+Nitrite (N) mg/L0.04 0.80 90-110970.010.780

LCS (BI12303-BS3) Prepared & Analyzed: 09/23/11 

Nitrate+Nitrite (N) mg/L0.04 0.80 90-110950.010.757

LCS (BI12303-BS4) Prepared & Analyzed: 09/23/11 

Nitrate+Nitrite (N) mg/L0.04 0.80 90-110940.010.751

Matrix Spike (BI12303-MS1) Prepared & Analyzed: 09/23/11 Source: 1108025-10

Nitrate+Nitrite (N) mg/L0.04 1.0 ND 77-119960.010.960

Matrix Spike (BI12303-MS2) Prepared & Analyzed: 09/23/11 Source: 1108026-01

Nitrate+Nitrite (N) mg/L0.04 1.0 ND 77-119980.010.984

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108117

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

September 28, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BI12303 - Nitrate 353.2 by seal

Matrix Spike (BI12303-MS3) Prepared & Analyzed: 09/23/11 Source: 1108026-10

Nitrate+Nitrite (N) mg/L0.04 1.0 ND 77-119970.010.967

Matrix Spike (BI12303-MS4) Prepared & Analyzed: 09/23/11 Source: 1107795-01

Nitrate+Nitrite (N) mg/L0.04 1.0 ND 77-119950.010.947

Matrix Spike Dup (BI12303-MSD1) Prepared & Analyzed: 09/23/11 Source: 1108025-10

Nitrate+Nitrite (N) mg/L0.04 1.0 ND 2077-11997 0.80.010.968

Matrix Spike Dup (BI12303-MSD2) Prepared & Analyzed: 09/23/11 Source: 1108026-01

Nitrate+Nitrite (N) mg/L0.04 1.0 ND 2077-119100 10.010.997

Matrix Spike Dup (BI12303-MSD3) Prepared & Analyzed: 09/23/11 Source: 1108026-10

Nitrate+Nitrite (N) mg/L0.04 1.0 ND 2077-11997 0.40.010.971

Matrix Spike Dup (BI12303-MSD4) Prepared & Analyzed: 09/23/11 Source: 1107795-01

Nitrate+Nitrite (N) mg/L0.04 1.0 ND 2077-11993 10.010.935

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108117

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

September 28, 2011

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Microbiology - Quality Control

MDL

Batch BI11429 - FC-MF

Blank (BI11429-BLK1) Prepared: 09/14/11  Analyzed: 09/15/11 

Fecal Coliforms CFU/100 ml1 11 U

Duplicate (BI11429-DUP1) Prepared: 09/14/11  Analyzed: 09/15/11 Source: 1108149-02

Fecal Coliforms CFU/100 ml1 ND 20011 U

Batch BI11633 - FC-MF

Blank (BI11633-BLK1) Prepared: 09/16/11  Analyzed: 09/17/11 

Fecal Coliforms CFU/100 ml1 11 U

Duplicate (BI11633-DUP1) Prepared: 09/16/11  Analyzed: 09/17/11 Source: 1108117-01

Fecal Coliforms CFU/100 ml1 ND 20011 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108117

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

September 28, 2011

* Qualifiers, Notes and Definitions

Results followed by a "U" indicate that the sample was analyzed but the compound was not detected. Results followed by "I" indicate 

that the reported value is between the laboratory method detection limts and the laboratory practical quantitation limit.

A statement of estimated uncertainty of test results is available upon request.

For methods marked with  **, all QC criteria have been met for this method which is equivalent to a SAL certified method.

Test results in this report meet all the requirements of the NELAC standards. Any applicable qualifiers are shown below. 

Questions regarding this report should be directed to Client Services at 813-855-1844.

+O Matrix spike source sample was over the reccommended range for the method.

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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September 29, 2011

LIMS USE: FR - JOSEFIN

LIMS OBJECT ID: 3538512

3538512

Project:

Pace Project No.:

RE:

Ms. Josefin Edebeck-Hirst
Hazen and Sawyer, P.C
10002 Princess Palm Avenue
Suite 200
Tampa, FL 33619

PNRS II SE #7

Dear Ms. Edebeck-Hirst:

Enclosed are the analytical results for sample(s) received by the laboratory on September 16, 2011.
The results relate only to the samples included in this report.  Results reported herein conform to the
most current TNI standards, where applicable, unless otherwise narrated in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Sakina Mckenzie

sakina.mckenzie@pacelabs.com
Project Manager

Enclosures

REPORT OF LABORATORY ANALYSIS
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CERTIFICATIONS

Pace Project No.:

Project:

3538512

PNRS II SE #7

Ormond Beach Certification IDs
8 East Tower Circle, Ormond Beach, FL  32174
Alabama Certification #: 41320
Arizona Certification #: AZ0735
Colorado Certification: FL NELAC Reciprocity
Connecticut Certification #: PH 0216
Florida Certification #: E83079
Georgia Certification #: 955
Guam Certification: FL NELAC Reciprocity
Hawaii Certification: FL NELAC Reciprocity
Kansas Certification #: E-10383
Kentucky Certification #: 90050
Louisiana Certification #: LA090012
Louisiana Environmental Certificate #: 05007
Maine Certification #: FL1264
Massachusetts Certification #: M-FL1264

Michigan Certification #: 9911
Mississippi Certification: FL NELAC Reciprocity
Montana Certification #: Cert 0074
Nevada Certification: FL NELAC Reciprocity
New Hampshire Certification #: 2958
New Jersey Certification #: FL765
New York Certification #: 11608
North Carolina Environmental Certificate #: 667
North Carolina Certification #: 12710
Pennsylvania Certification #: 68-547
Puerto Rico Certification #: FL01264
Tennessee Certification #: TN02974
Texas Certification: FL NELAC Reciprocity
Virginia Certification #: 00432
Wyoming Certification: FL NELAC Reciprocity
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SAMPLE SUMMARY

Pace Project No.:

Project:

3538512

PNRS II SE #7

Lab ID Sample ID Matrix Date Collected Date Received

3538512001 PNRS II-STE-TANK1 Water 09/15/11 11:45 09/16/11 23:50

3538512002 UNSTAT-IS1 Water 09/16/11 11:55 09/16/11 23:50

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, Inc..
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8 East Tower Circle

Ormond Beach, FL 32174
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SAMPLE ANALYTE COUNT

Pace Project No.:

Project:

3538512

PNRS II SE #7

Lab ID Sample ID Method

Analytes

Reported LaboratoryAnalysts

3538512001 PNRS II-STE-TANK1 4 PASI-OSMM

SM 2320B 1 PASI-OAMD

SM 2540C 1 PASI-OMMD

SM 2540D 1 PASI-OMMD

SM 4500-S2F 1 PASI-OAAM

SM 5210B 1 PASI-OKDM

EPA 300.0 3 PASI-OLAJ

EPA 300.0 1 PASI-OLAJ

EPA 350.1 1 PASI-OHEA

EPA 351.2 1 PASI-OAMD

EPA 410.4 1 PASI-OMMD

3538512002 UNSTAT-IS1 4 PASI-OSMM

SM 2320B 1 PASI-OAMD

SM 4500-S2F 1 PASI-OAAM

SM 5210B 1 PASI-OKDM

EPA 300.0 3 PASI-OLAJ

EPA 300.0 1 PASI-OLAJ

EPA 350.1 1 PASI-OHEA

EPA 351.2 1 PASI-OAMD

EPA 410.4 1 PASI-OMMD

REPORT OF LABORATORY ANALYSIS
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ANALYTICAL RESULTS

Pace Project No.:

Project:

3538512

PNRS II SE #7

Sample: PNRS II-STE-TANK1 Lab ID: 3538512001 Collected: 09/15/11 11:45 Received: 09/16/11 23:50 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Field Data Analytical Method:

Field pH 7.4 Std. Units 1 09/18/11 10:03

Field Temperature 28.4 deg C 1 09/18/11 10:03

Field Specific Conductance 820 umhos/cm 1 09/18/11 10:03

Oxygen, Dissolved 4.0 mg/L 1 09/18/11 10:03 7782-44-7

2320B Alkalinity Analytical Method: SM 2320B

Alkalinity, Total as CaCO3 258 mg/L 1 09/20/11 11:445.0 5.0

2540C Total Dissolved Solids Analytical Method: SM 2540C

Total Dissolved Solids 327 mg/L 1 09/21/11 10:225.0 5.0

2540D Total Suspended Solids Analytical Method: SM 2540D

Total Suspended Solids 7.0 mg/L 1 09/19/11 11:005.0 5.0

4500S2F Hydrogen Sulfide Analytical Method: SM 4500-S2F

Un-ionized Hydrogen Sulfide 1.3 mg/L 1 09/22/11 09:00 N21.0 1.0

5210B cBOD, 5 day Analytical Method: SM 5210B  Preparation Method: SM 5210B

Carbonaceous BOD, 5 day 37.4 mg/L 1 09/26/11 12:39 Q09/21/11 06:402.0 2.0

300.0 IC Anions Analytical Method: EPA 300.0

Nitrate as N 0.025U mg/L 1 09/17/11 10:33 14797-55-80.050 0.025

Nitrite as N 0.025U mg/L 1 09/17/11 10:33 14797-65-00.050 0.025

Orthophosphate as P 2.8 mg/L 1 09/17/11 10:330.10 0.050

300.0 IC Anions 28 Days Analytical Method: EPA 300.0

Sulfate 34.5 mg/L 1 09/19/11 16:57 14808-79-85.0 2.5

350.1 Ammonia Analytical Method: EPA 350.1

Nitrogen, Ammonia 25.7 mg/L 5 09/21/11 16:56 7664-41-70.25 0.10

351.2 Total Kjeldahl Nitrogen Analytical Method: EPA 351.2  Preparation Method: EPA 351.2

Nitrogen, Kjeldahl, Total 27.5 mg/L 1 09/20/11 08:56 7727-37-909/19/11 10:150.50 0.25

410.4 COD Analytical Method: EPA 410.4

Chemical Oxygen Demand 132 mg/L 1 09/20/11 17:0520.0 12.5
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ANALYTICAL RESULTS

Pace Project No.:

Project:

3538512

PNRS II SE #7

Sample: UNSTAT-IS1 Lab ID: 3538512002 Collected: 09/16/11 11:55 Received: 09/16/11 23:50 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualMDLPQL

Field Data Analytical Method:

Field pH 6.8 Std. Units 1 09/18/11 10:06

Field Temperature 13.4 deg C 1 09/18/11 10:06

Field Specific Conductance 831 umhos/cm 1 09/18/11 10:06

Oxygen, Dissolved 9.54 mg/L 1 09/18/11 10:06 7782-44-7

2320B Alkalinity Analytical Method: SM 2320B

Alkalinity, Total as CaCO3 273 mg/L 1 09/20/11 11:515.0 5.0

4500S2F Hydrogen Sulfide Analytical Method: SM 4500-S2F

Un-ionized Hydrogen Sulfide 1.1 mg/L 1 09/22/11 09:00 N21.0 1.0

5210B cBOD, 5 day Analytical Method: SM 5210B  Preparation Method: SM 5210B

Carbonaceous BOD, 5 day 6.4 mg/L 1 09/26/11 12:41 Q09/21/11 06:402.0 2.0

300.0 IC Anions Analytical Method: EPA 300.0

Nitrate as N 0.025U mg/L 1 09/17/11 11:09 14797-55-80.050 0.025

Nitrite as N 0.025U mg/L 1 09/17/11 11:09 14797-65-00.050 0.025

Orthophosphate as P 1.5 mg/L 1 09/17/11 11:090.10 0.050

300.0 IC Anions 28 Days Analytical Method: EPA 300.0

Sulfate 89.2 mg/L 1 09/19/11 17:09 14808-79-85.0 2.5

350.1 Ammonia Analytical Method: EPA 350.1

Nitrogen, Ammonia 9.4 mg/L 1 09/21/11 16:33 7664-41-7 J(M1)0.050 0.020

351.2 Total Kjeldahl Nitrogen Analytical Method: EPA 351.2  Preparation Method: EPA 351.2

Nitrogen, Kjeldahl, Total 10.5 mg/L 1 09/20/11 08:57 7727-37-909/19/11 10:150.50 0.25

410.4 COD Analytical Method: EPA 410.4

Chemical Oxygen Demand 53.7 mg/L 1 09/20/11 17:0520.0 12.5

REPORT OF LABORATORY ANALYSIS
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3538512

PNRS II SE #7

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WET/10146

SM 2320B

SM 2320B

2320B Alkalinity

Associated Lab Samples: 3538512001, 3538512002

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 257042

Associated Lab Samples: 3538512001, 3538512002

Matrix: Water

Analyzed

Alkalinity, Total as CaCO3 mg/L 5.0U 5.0 09/20/11 09:41

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

257043LABORATORY CONTROL SAMPLE:

LCSSpike

Alkalinity, Total as CaCO3 mg/L 246250 98 90-110

Parameter Units

MS

Result

% Rec

Limits Qualifiers% RecConc.

257045MATRIX SPIKE SAMPLE:

MSSpike

Result

3537975001

Alkalinity, Total as CaCO3 mg/L 22001250 100 90-110951

Parameter Units

MS

Result

% Rec

Limits Qualifiers% RecConc.

257047MATRIX SPIKE SAMPLE:

MSSpike

Result

3538416002

Alkalinity, Total as CaCO3 mg/L 339 J(M1)250 35 90-110252

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3537975001

257044SAMPLE DUPLICATE:

Alkalinity, Total as CaCO3 mg/L 925 3 20951

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3538416002

257046SAMPLE DUPLICATE:

Alkalinity, Total as CaCO3 mg/L 246 3 20252
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3538512

PNRS II SE #7

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WET/10173

SM 2540C

SM 2540C

2540C Total Dissolved Solids

Associated Lab Samples: 3538512001

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 257805

Associated Lab Samples: 3538512001

Matrix: Water

Analyzed

Total Dissolved Solids mg/L 5.0U 5.0 09/21/11 10:20

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

257806LABORATORY CONTROL SAMPLE:

LCSSpike

Total Dissolved Solids mg/L 279300 93 90-110

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3538451002

257807SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 479 1 20484

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3538602001

257808SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 304 3 20313
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3538512

PNRS II SE #7

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WET/10130

SM 2540D

SM 2540D

2540D Total Suspended Solids

Associated Lab Samples: 3538512001

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 256549

Associated Lab Samples: 3538512001

Matrix: Water

Analyzed

Total Suspended Solids mg/L 5.0U 5.0 09/19/11 11:00

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

256550LABORATORY CONTROL SAMPLE:

LCSSpike

Total Suspended Solids mg/L 100100 100 90-110

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3538276001

256551SAMPLE DUPLICATE:

Total Suspended Solids mg/L 5.0U 205.0U

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3053825015

256552SAMPLE DUPLICATE:

Total Suspended Solids mg/L 5.0U 20ND
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3538512

PNRS II SE #7

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WET/10177

SM 5210B

SM 5210B

5210B cBOD, 5 day

Associated Lab Samples: 3538512001, 3538512002

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 257843

Associated Lab Samples: 3538512001, 3538512002

Matrix: Water

Analyzed

Carbonaceous BOD, 5 day mg/L 2.0U 2.0 09/26/11 12:30

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

257844LABORATORY CONTROL SAMPLE:

LCSSpike

Carbonaceous BOD, 5 day mg/L 202198 102 85-115

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3538544002

257845SAMPLE DUPLICATE:

Carbonaceous BOD, 5 day mg/L 3.0U 203.0U

REPORT OF LABORATORY ANALYSIS
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3538512

PNRS II SE #7

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WETA/12178

EPA 300.0

EPA 300.0

300.0 IC Anions

Associated Lab Samples: 3538512001, 3538512002

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 256406

Associated Lab Samples: 3538512001, 3538512002

Matrix: Water

Analyzed

Nitrate as N mg/L 0.025U 0.050 09/18/11 08:31

Nitrite as N mg/L 0.025U 0.050 09/18/11 08:31

Orthophosphate as P mg/L 0.050U 0.10 09/18/11 08:31

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

256407LABORATORY CONTROL SAMPLE:

LCSSpike

Nitrate as N mg/L 5.35 106 90-110

Nitrite as N mg/L 5.45 108 90-110

Orthophosphate as P mg/L 10.410 104 90-110

Parameter Units

MS

Result

% Rec

Limits Qual% RecConc.

256408MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike

Result

3538512001

256409

MSD

Result

MSD

% Rec RPD RPD

Max

MSDMS

Spike

Conc.

Nitrate as N mg/L 5 103 90-110103 .1 2050.025U 5.1 5.1

Nitrite as N mg/L 5 103 90-110103 .09 2050.025U 5.1 5.1

Orthophosphate as P mg/L 10 104 90-110104 .06 20102.8 13.2 13.2
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3538512

PNRS II SE #7

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WETA/12225

EPA 300.0

EPA 300.0

300.0 IC Anions

Associated Lab Samples: 3538512001, 3538512002

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 257084

Associated Lab Samples: 3538512001, 3538512002

Matrix: Water

Analyzed

Sulfate mg/L 2.5U 5.0 09/19/11 14:20

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

257085LABORATORY CONTROL SAMPLE:

LCSSpike

Sulfate mg/L 49.550 99 90-110

Parameter Units

MS

Result

% Rec

Limits Qual% RecConc.

257086MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike

Result

3538425001

257087

MSD

Result

MSD

% Rec RPD RPD

Max

MSDMS

Spike

Conc.

Sulfate mg/L 5000 101 90-110101 .4 205000725 5750 5770

Parameter Units

MS

Result

% Rec

Limits Qual% RecConc.

257088MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike

Result

3053825001

257089

MSD

Result

MSD

% Rec RPD RPD

Max

MSDMS

Spike

Conc.

Sulfate mg/L J(M1)50 111 90-110111 .1 205029.0 84.3 84.4
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3538512

PNRS II SE #7

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WETA/12245

EPA 350.1

EPA 350.1

350.1 Ammonia

Associated Lab Samples: 3538512001

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 257783

Associated Lab Samples: 3538512001

Matrix: Water

Analyzed

Nitrogen, Ammonia mg/L 0.020U 0.050 09/21/11 12:55

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

257784LABORATORY CONTROL SAMPLE:

LCSSpike

Nitrogen, Ammonia mg/L 1.01 104 90-110

Parameter Units

MS

Result

% Rec

Limits Qualifiers% RecConc.

257786MATRIX SPIKE SAMPLE:

MSSpike

Result

3538420001

Nitrogen, Ammonia mg/L 1.11 99 90-1100.084

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3538420001

257785SAMPLE DUPLICATE:

Nitrogen, Ammonia mg/L 0.069 19 200.084
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3538512

PNRS II SE #7

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WETA/12246

EPA 350.1

EPA 350.1

350.1 Ammonia

Associated Lab Samples: 3538512002

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 257787

Associated Lab Samples: 3538512002

Matrix: Water

Analyzed

Nitrogen, Ammonia mg/L 0.020U 0.050 09/21/11 16:27

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

257788LABORATORY CONTROL SAMPLE:

LCSSpike

Nitrogen, Ammonia mg/L 1.01 104 90-110

Parameter Units

MS

Result

% Rec

Limits Qualifiers% RecConc.

257790MATRIX SPIKE SAMPLE:

MSSpike

Result

3538512002

Nitrogen, Ammonia mg/L 10.6 J(M1)1 121 90-1109.4

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3538512002

257789SAMPLE DUPLICATE:

Nitrogen, Ammonia mg/L 9.4 .5 209.4
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3538512

PNRS II SE #7

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WETA/12204

EPA 351.2

EPA 351.2

351.2 TKN

Associated Lab Samples: 3538512001, 3538512002

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 256610

Associated Lab Samples: 3538512001, 3538512002

Matrix: Water

Analyzed

Nitrogen, Kjeldahl, Total mg/L 0.25U 0.50 09/20/11 08:45

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

256611LABORATORY CONTROL SAMPLE:

LCSSpike

Nitrogen, Kjeldahl, Total mg/L 20.220 101 90-110

Parameter Units

MS

Result

% Rec

Limits Qualifiers% RecConc.

256613MATRIX SPIKE SAMPLE:

MSSpike

Result

3538233002

Nitrogen, Kjeldahl, Total mg/L 21.520 102 90-1101.1

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3538233002

256612SAMPLE DUPLICATE:

Nitrogen, Kjeldahl, Total mg/L 1.3 11 201.1
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QUALITY CONTROL DATA

Pace Project No.:

Project:

3538512

PNRS II SE #7

QC Batch:

QC Batch Method:

Analysis Method:

Analysis Description:

WETA/12235

EPA 410.4

EPA 410.4

410.4 COD

Associated Lab Samples: 3538512001, 3538512002

Parameter Units

Blank

Result

Reporting

Limit Qualifiers

METHOD BLANK: 257483

Associated Lab Samples: 3538512001, 3538512002

Matrix: Water

Analyzed

Chemical Oxygen Demand mg/L 12.5U 20.0 1p09/20/11 17:05

Parameter Units

LCS

Result

% Rec

Limits Qualifiers% RecConc.

257484LABORATORY CONTROL SAMPLE:

LCSSpike

Chemical Oxygen Demand mg/L 505500 101 90-110

Parameter Units

MS

Result

% Rec

Limits Qualifiers% RecConc.

257486MATRIX SPIKE SAMPLE:

MSSpike

Result

3537197001

Chemical Oxygen Demand mg/L 487500 95 90-11012.5U

Parameter Units

Dup

Result

Max

RPD QualifiersRPDResult

3537197001

257485SAMPLE DUPLICATE:

Chemical Oxygen Demand mg/L 12.9 I 2012.5U
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QUALIFIERS

Pace Project No.:

Project:

3538512

PNRS II SE #7

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to changes in sample preparation, dilution of
the sample aliquot, or moisture content.

ND - Not Detected at or above adjusted reporting limit.

MDL - Adjusted Method Detection Limit.

S - Surrogate

1,2-Diphenylhydrazine (8270 listed analyte) decomposes to Azobenzene.

Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.

LCS(D) - Laboratory Control Sample (Duplicate)

MS(D) - Matrix Spike (Duplicate)

DUP - Sample Duplicate

RPD - Relative Percent Difference

NC - Not Calculable.

SG - Silica Gel - Clean-Up

U - Indicates the compound was analyzed for, but not detected.

N-Nitrosodiphenylamine decomposes and cannot be separated from Diphenylamine using Method 8270.  The result reported for
each analyte is a combined concentration.

Pace Analytical is TNI accredited. Contact your Pace PM for the current list of accredited analytes.

LABORATORIES

Pace Analytical Services - Ormond BeachPASI-O

ANALYTE QUALIFIERS

The reported value is between the laboratory method detection limit and the laboratory practical quantitation limit. I

The recovery of the analyte in the CRDL standard (also known as the reporting limit verification) did not meet the
acceptance criteria.

1p

Estimated Value. Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS)
recovery.

J(M1)

The lab does not hold TNI accreditation for this parameter.N2

Sample held beyond the accepted holding time.Q
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Pace Project No.:

Project:

3538512

PNRS II SE #7

Lab ID Sample ID QC Batch Method QC Batch Analytical Method

Analytical

Batch

3538512001 FLD/PNRS II-STE-TANK1

3538512002 FLD/UNSTAT-IS1

3538512001 WET/10146PNRS II-STE-TANK1 SM 2320B

3538512002 WET/10146UNSTAT-IS1 SM 2320B

3538512001 WET/10173PNRS II-STE-TANK1 SM 2540C

3538512001 WET/10130PNRS II-STE-TANK1 SM 2540D

3538512001 WET/10200PNRS II-STE-TANK1 SM 4500-S2F

3538512002 WET/10200UNSTAT-IS1 SM 4500-S2F

3538512001 WET/10177 WET/10202PNRS II-STE-TANK1 SM 5210B SM 5210B

3538512002 WET/10177 WET/10202UNSTAT-IS1 SM 5210B SM 5210B

3538512001 WETA/12178PNRS II-STE-TANK1 EPA 300.0

3538512002 WETA/12178UNSTAT-IS1 EPA 300.0

3538512001 WETA/12225PNRS II-STE-TANK1 EPA 300.0

3538512002 WETA/12225UNSTAT-IS1 EPA 300.0

3538512001 WETA/12245PNRS II-STE-TANK1 EPA 350.1

3538512002 WETA/12246UNSTAT-IS1 EPA 350.1

3538512001 WETA/12204 WETA/12215PNRS II-STE-TANK1 EPA 351.2 EPA 351.2

3538512002 WETA/12204 WETA/12215UNSTAT-IS1 EPA 351.2 EPA 351.2

3538512001 WETA/12235PNRS II-STE-TANK1 EPA 410.4

3538512002 WETA/12235UNSTAT-IS1 EPA 410.4
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Work Order: 1108119

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 4, 2011

Revised Report

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-01

09/16/11 11:15

Sean Harmon

09/16/11 16:00

DENIT-SU4-18  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 11:150.16.7

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 11:150.127.5

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 11:150.11,008

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 11:150.11.2

Inorganics

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 09/20/11 08:001046

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/16/11 12:490.010.22

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/16/11 12:490.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 09/21/11 22:050.20220

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-02

09/16/11 11:10

Sean Harmon

09/16/11 16:00

DENIT-SU4-12  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 11:100.16.4

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 11:100.127.3

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 11:100.1897

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 11:100.11.4

Inorganics

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 09/20/11 08:001032

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/16/11 12:490.010.01 U

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/16/11 12:490.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 09/21/11 22:050.20240

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-03

09/16/11 11:05

Sean Harmon

09/16/11 16:00

DENIT-SU4-7  

Field Parameters

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108119

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 4, 2011

Revised Report

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-03

09/16/11 11:05

Sean Harmon

09/16/11 16:00

DENIT-SU4-7  

DEP FT1100 SDHpH SU 0.1 09/16/11 11:050.16.4

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 11:050.127.1

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 11:050.1860

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 11:050.11.0

Inorganics

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 09/20/11 08:001034

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/16/11 12:490.010.24

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/16/11 12:490.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 09/21/11 22:050.20230

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-04

09/16/11 11:00

Sean Harmon

09/16/11 16:00

DENIT-SU4-3  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 11:000.16.3

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 11:000.127.0

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 11:000.1854

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 11:000.11.3

Inorganics

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 09/20/11 08:001038

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/16/11 12:490.010.23

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/16/11 12:490.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 09/21/11 22:050.20220

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-05

09/16/11 10:55

Sean Harmon

09/16/11 16:00

DENIT-LS3-18  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 10:550.16.9

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 10:550.126.8

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108119

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 4, 2011

Revised Report

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-05

09/16/11 10:55

Sean Harmon

09/16/11 16:00

DENIT-LS3-18  

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 10:550.1737

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 10:550.10.8

Inorganics

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 09/20/11 08:001026

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/16/11 12:490.010.57

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/16/11 12:490.010.26

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-06

09/16/11 10:50

Sean Harmon

09/16/11 16:00

DENIT-LS3-12  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 10:500.16.8

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 10:500.127.1

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 10:500.1772

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 10:500.10.8

Inorganics

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 09/20/11 08:001032

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/16/11 12:490.012.4

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/16/11 12:490.010.29

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-07

09/16/11 10:45

Sean Harmon

09/16/11 16:00

DENIT-LS3-7  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 10:450.17.0

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 10:450.127.1

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 10:450.1775

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 10:450.11.6

Inorganics

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108119

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 4, 2011

Revised Report

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-07

09/16/11 10:45

Sean Harmon

09/16/11 16:00

DENIT-LS3-7  

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 09/20/11 08:001018 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/16/11 21:360.014.6

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/16/11 21:360.010.37

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-08

09/16/11 10:40

Sean Harmon

09/16/11 16:00

DENIT-LS3-3  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 10:400.16.8

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 10:400.126.9

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 10:400.1804

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 10:400.11.1

Inorganics

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 09/20/11 08:001020 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/16/11 17:150.0120

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/16/11 21:360.010.33

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-09

09/16/11 10:10

Sean Harmon

09/16/11 16:00

DENIT-SU3-18  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 10:100.17.0

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 10:100.127.2

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 10:100.11,136

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 10:100.10.7

Inorganics

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/20/11 11:041046

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/16/11 21:360.010.23

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/16/11 21:360.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 09/21/11 22:050.20270

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Revised Report

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-09

09/16/11 10:10

Sean Harmon

09/16/11 16:00

DENIT-SU3-18  

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-10

09/16/11 10:05

Sean Harmon

09/16/11 16:00

DENIT-SU3-12  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 10:050.16.9

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 10:050.126.6

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 10:050.11,091

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 10:050.10.7

Inorganics

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/20/11 11:041050

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/16/11 21:360.010.24

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/16/11 21:360.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 09/21/11 22:050.20270

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-11

09/16/11 10:00

Sean Harmon

09/16/11 16:00

DENIT-SU3-7  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 10:000.16.8

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 10:000.126.8

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 10:000.11,047

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 10:000.10.7

Inorganics

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/20/11 11:041046

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/16/11 21:360.010.22

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/16/11 21:360.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 09/21/11 22:050.20270

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 4, 2011

Revised Report

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-12

09/16/11 09:55

Sean Harmon

09/16/11 16:00

DENIT-SU3-3  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 09:550.16.7

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 09:550.126.7

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 09:550.11,022

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 09:550.10.6

Inorganics

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/20/11 11:041044

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/16/11 21:360.010.22

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/16/11 21:360.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 09/21/11 22:050.20270

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-13

09/16/11 09:50

Sean Harmon

09/16/11 16:00

DENIT-LS2-18  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 09:500.17.1

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 09:500.126.3

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 09:500.1859

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 09:500.11.0

Inorganics

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/20/11 11:041015 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/16/11 21:360.0112

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/16/11 21:360.011.6

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-14

09/16/11 09:45

Sean Harmon

09/16/11 16:00

DENIT-LS2-12  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 09:450.17.2

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108119

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 4, 2011

Revised Report

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-14

09/16/11 09:45

Sean Harmon

09/16/11 16:00

DENIT-LS2-12  

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 09:450.126.3

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 09:450.1892

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 09:450.11.1

Inorganics

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/20/11 11:041010 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/16/11 17:150.0119

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/16/11 21:360.010.70

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-15

09/16/11 09:40

Sean Harmon

09/16/11 16:00

DENIT-LS2-7  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 09:400.17.2

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 09:400.126.3

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 09:400.1860

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 09:400.11.3

Inorganics

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/20/11 11:041010 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/16/11 17:150.0122

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/16/11 21:360.010.45

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-16

09/16/11 09:35

Sean Harmon

09/16/11 16:00

DENIT-LS2-3  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 09:350.17.2

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 09:350.126.3

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 09:350.1887

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 09:350.11.8

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108119

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 4, 2011

Revised Report

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-16

09/16/11 09:35

Sean Harmon

09/16/11 16:00

DENIT-LS2-3  

Inorganics

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/20/11 11:041013 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/16/11 17:150.0125

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/16/11 21:360.010.30

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-17

09/16/11 08:55

Sean Harmon

09/16/11 16:00

DENIT-LS4-18  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 08:550.17.3

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 08:550.126.9

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 08:550.1740

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 08:550.12.0

Inorganics

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/20/11 11:041015 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/16/11 21:360.011.1

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/16/11 21:360.010.52

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-18

09/16/11 08:50

Sean Harmon

09/16/11 16:00

DENIT-LS4-12  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 08:500.17.3

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 08:500.126.8

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 08:500.1770

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 08:500.11.4

Inorganics

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/20/11 11:041018 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/16/11 21:360.015.7

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108119

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 4, 2011

Revised Report

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-18

09/16/11 08:50

Sean Harmon

09/16/11 16:00

DENIT-LS4-12  

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/16/11 21:360.011.4

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-19

09/16/11 08:45

Sean Harmon

09/16/11 16:00

DENIT-LS4-7  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 08:450.17.3

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 08:450.126.7

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 08:450.1802

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 08:450.11.8

Inorganics

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/20/11 11:041038

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/16/11 21:360.0112

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/16/11 21:360.011.9

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-20

09/16/11 08:40

Sean Harmon

09/16/11 16:00

DENIT-LS4-3  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 08:400.17.2

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 08:400.126.0

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 08:400.1822

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 08:400.11.6

Inorganics

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/20/11 11:041013 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/16/11 21:360.0126

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/16/11 21:360.010.54

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108119

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 4, 2011

Revised Report

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-21

09/16/11 07:20

Sean Harmon

09/16/11 16:00

DENIT-SU1-72  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 07:200.16.9

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 07:200.124.8

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 07:200.1910

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 07:200.11.2

Inorganics

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/20/11 11:041046

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/16/11 21:360.010.44

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/16/11 21:360.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 09/21/11 22:050.20180

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-22

09/16/11 10:20

Sean Harmon

09/16/11 16:00

DENIT-SU1-60  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 10:200.16.9

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 10:200.126.2

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 10:200.1930

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 10:200.11.4

Inorganics

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/20/11 11:041046

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/16/11 21:360.010.28

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/16/11 21:360.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 09/21/11 22:050.20180

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-23

09/16/11 11:20

Sean Harmon

09/16/11 16:00

DENIT-SU1-48  

Field Parameters

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108119

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 4, 2011

Revised Report

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-23

09/16/11 11:20

Sean Harmon

09/16/11 16:00

DENIT-SU1-48  

DEP FT1100 SDHpH SU 0.1 09/16/11 11:200.16.9

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 11:200.128.2

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 11:200.1961

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 11:200.10.6

Inorganics

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/20/11 11:041050

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/16/11 21:360.010.24

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/16/11 21:360.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 09/21/11 22:050.20190

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-24

09/16/11 12:20

Sean Harmon

09/16/11 16:00

DENIT-SU1-36  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 12:200.16.8

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 12:200.129.7

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 12:200.11,022

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 12:200.11.0

Inorganics

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/20/11 11:041053

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/16/11 21:360.010.23

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/16/11 21:360.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 09/21/11 22:050.20190

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-25

09/16/11 13:20

Sean Harmon

09/16/11 16:00

DENIT-SU1-24  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 13:200.16.8

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 13:200.130.5

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108119

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 4, 2011

Revised Report

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-25

09/16/11 13:20

Sean Harmon

09/16/11 16:00

DENIT-SU1-24  

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 13:200.11,012

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 13:200.11.0

Inorganics

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/20/11 11:041057

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/16/11 21:360.010.23

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/16/11 21:360.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 09/21/11 22:050.20200

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-26

09/16/11 14:20

Sean Harmon

09/16/11 16:00

DENIT-SU1-12  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 14:200.16.9

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 14:200.133.1

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 14:200.1758

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 14:200.11.3

Inorganics

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 09/22/11 08:001018 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/16/11 21:360.0111

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/16/11 21:360.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 09/16/11 21:360.2086

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-26RE1

09/16/11 14:20

Sean Harmon

09/16/11 16:00

DENIT-SU1-12  

Inorganics

EPA 300.0 MEJSulfate mg/L 09/16/11 21:360.60 09/22/11 13:500.2086

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108119

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 4, 2011

Revised Report

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-27

09/16/11 09:20

Sean Harmon

09/16/11 16:00

DENIT-SU2-72  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 09:200.16.8

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 09:200.123.4

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 09:200.1948

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 09:200.11.3

Inorganics

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 09/22/11 08:001059

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/17/11 10:400.010.23

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/17/11 10:400.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 09/21/11 22:050.20210

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-28

09/16/11 10:20

Sean Harmon

09/16/11 16:00

DENIT-SU2-60  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 10:200.16.6

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 10:200.125.9

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 10:200.1932

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 10:200.10.9

Inorganics

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 09/22/11 08:001050

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/17/11 10:400.010.22

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/17/11 10:400.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 09/21/11 22:050.20210

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-29

09/16/11 11:20

Sean Harmon

09/16/11 16:00

DENIT-SU2-48  

Field Parameters

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108119

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 4, 2011

Revised Report

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-29

09/16/11 11:20

Sean Harmon

09/16/11 16:00

DENIT-SU2-48  

DEP FT1100 SDHpH SU 0.1 09/16/11 11:200.16.7

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 11:200.127.0

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 11:200.1922

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 11:200.11.4

Inorganics

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 09/22/11 08:001040

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/17/11 10:400.010.22

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/17/11 10:400.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 09/21/11 22:050.20190

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-30

09/16/11 12:20

Sean Harmon

09/16/11 16:00

DENIT-SU2-36  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 12:200.16.6

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 12:200.129.4

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 12:200.1948

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 12:200.10.6

Inorganics

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 09/22/11 08:001046

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/17/11 10:400.010.22

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/17/11 10:400.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 09/21/11 22:050.20210

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-31

09/16/11 13:20

Sean Harmon

09/16/11 16:00

DENIT-SU2-24  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 13:200.16.6

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 13:200.130.6

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108119

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 4, 2011

Revised Report

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-31

09/16/11 13:20

Sean Harmon

09/16/11 16:00

DENIT-SU2-24  

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 13:200.1886

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 13:200.11.0

Inorganics

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 09/22/11 08:001034

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/17/11 10:400.010.32

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/17/11 10:400.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 09/21/11 22:050.20200

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-32

09/16/11 14:20

Sean Harmon

09/16/11 16:00

DENIT-SU2-12  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 14:200.16.6

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 14:200.132.7

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 14:200.1789

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 14:200.11.4

Inorganics

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 09/22/11 08:001022 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/17/11 10:400.018.4

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/17/11 10:400.010.01 U

EPA 300.0 MEJSulfate mg/L 0.60 09/22/11 11:120.20120

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-33

09/16/11 09:20

Sean Harmon

09/16/11 16:00

DENIT-LS1-72  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 09:200.17.0

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 09:200.123.2

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 09:200.1645

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 09:200.10.9

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108119

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 4, 2011

Revised Report

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-33

09/16/11 09:20

Sean Harmon

09/16/11 16:00

DENIT-LS1-72  

Inorganics

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 09/22/11 08:001024 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/17/11 10:400.010.29

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/17/11 10:400.010.01 U

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-34

09/16/11 10:20

Sean Harmon

09/16/11 16:00

DENIT-LS1-60  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 10:200.17.0

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 10:200.125.6

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 10:200.1658

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 10:200.11.6

Inorganics

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/23/11 09:001013 I

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/17/11 10:400.012.4

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/17/11 10:400.010.27

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-35

09/16/11 11:20

Sean Harmon

09/16/11 16:00

DENIT-LS1-48  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 11:200.17.0

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 11:200.127.5

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 11:200.1704

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 11:200.11.9

Inorganics

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/23/11 09:001010 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/17/11 10:400.016.5

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108119

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 4, 2011

Revised Report

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-35

09/16/11 11:20

Sean Harmon

09/16/11 16:00

DENIT-LS1-48  

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/17/11 10:400.010.46

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-36

09/16/11 12:20

Sean Harmon

09/16/11 16:00

DENIT-LS1-36  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 12:200.17.0

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 12:200.129.5

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 12:200.1775

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 12:200.10.5

Inorganics

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 09/22/11 08:001010 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/17/11 10:400.019.5

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/17/11 10:400.010.64

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-37

09/16/11 13:20

Sean Harmon

09/16/11 16:00

DENIT-LS1-24  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 13:200.16.9

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 13:200.130.9

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 13:200.1730

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 13:200.11.0

Inorganics

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 09/22/11 08:001010 U

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/17/11 10:400.0112

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/17/11 10:400.010.69

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108119

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 4, 2011

Revised Report

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-38

09/16/11 14:20

Sean Harmon

09/16/11 16:00

DENIT-LS1-12  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 14:200.16.9

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 14:200.132.1

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 14:200.1723

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 14:200.11.1

Inorganics

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 09/22/11 08:001030

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/17/11 10:400.0114

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/17/11 10:400.010.39

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-39

09/16/11 09:20

Sean Harmon

09/16/11 16:00

DENIT-GL1-72  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 09:200.16.4

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 09:200.124.7

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 09:200.1661

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 09:200.11.4

Inorganics

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/23/11 09:001050

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/17/11 10:400.010.26

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/17/11 10:400.010.01 U

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-40

09/16/11 10:20

Sean Harmon

09/16/11 16:00

DENIT-GL1-60  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 10:200.16.3

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 10:200.126.3

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108119

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 4, 2011

Revised Report

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-40

09/16/11 10:20

Sean Harmon

09/16/11 16:00

DENIT-GL1-60  

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 10:200.1693

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 10:200.11.3

Inorganics

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 09/22/11 08:001044

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/17/11 10:400.010.24

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/17/11 10:400.010.01 U

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-41

09/16/11 11:20

Sean Harmon

09/16/11 16:00

DENIT-GL1-48  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 11:200.16.3

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 11:200.127.4

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 11:200.1726

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 11:200.10.8

Inorganics

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 09/22/11 08:001059

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/17/11 10:400.010.23

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/17/11 10:400.010.01 U

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-42

09/16/11 12:20

Sean Harmon

09/16/11 16:00

DENIT-GL1-36  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 12:200.16.3

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 12:200.129.2

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 12:200.1751

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 12:200.10.5

Inorganics

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108119

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 4, 2011

Revised Report

Laboratory Report

PNRS IIProject Name

Units Results *Parameters AnalyzedMethod PQL ByPreparedMDL

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-42

09/16/11 12:20

Sean Harmon

09/16/11 16:00

DENIT-GL1-36  

EPA 410.4 ARMChemical Oxygen Demand mg/L 25 09/22/11 08:001055

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/17/11 10:400.010.22

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/17/11 10:400.010.01 U

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-43

09/16/11 13:20

Sean Harmon

09/16/11 16:00

DENIT-GL1-24  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 13:200.16.3

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 13:200.130.6

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 13:200.1740

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 13:200.10.7

Inorganics

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/23/11 09:001061

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/17/11 10:400.010.22

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/17/11 10:400.010.01 U

Matrix

Sample Description

SAL Sample Number

Date/Time Collected 

Date/Time Received

Collected by

Wastewater

1108119-44

09/16/11 14:20

Sean Harmon

09/16/11 16:00

DENIT-GL1-12  

Field Parameters

DEP FT1100 SDHpH SU 0.1 09/16/11 14:200.16.2

DEP FT1400 SDHWater Temperature °C 0.1 09/16/11 14:200.131.7

DEP FT1200 SDHSpecific conductance umhos/cm 0.1 09/16/11 14:200.1726

DEP FT1500 SDHDissolved Oxygen mg/L 0.1 09/16/11 14:200.10.5

Inorganics

EPA 410.4 MMFChemical Oxygen Demand mg/L 25 09/23/11 09:0010160

EPA 300.0 MEJNitrate (as N) mg/L 0.04 09/17/11 10:400.010.26

EPA 300.0 MEJNitrite (as N) mg/L 0.04 09/17/11 10:400.010.01 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108119

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 4, 2011

Revised Report

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BI11603 - Ion Chromatography 300.0 Prep

Blank (BI11603-BLK1) Prepared & Analyzed: 09/16/11 

Nitrite (as N) mg/L0.04 0.010.01 U

Nitrate (as N) mg/L0.04 0.010.01 U

LCS (BI11603-BS1) Prepared & Analyzed: 09/16/11 

Nitrate (as N) mg/L0.04 1.7 85-115950.011.62

Nitrite (as N) mg/L0.04 1.4 85-115930.011.30

LCS Dup (BI11603-BSD1) Prepared & Analyzed: 09/16/11 

Nitrite (as N) mg/L0.04 1.4 20085-11593 00.011.30

Nitrate (as N) mg/L0.04 1.7 20085-11596 0.60.011.63

Matrix Spike (BI11603-MS1) Prepared & Analyzed: 09/16/11 Source: 1108350-01

Nitrate (as N) mg/L0.04 1.7 0.511 85-115850.011.96

Nitrite (as N) mg/L0.04 1.4 ND 85-115980.011.37

Matrix Spike (BI11603-MS2) Prepared & Analyzed: 09/16/11 Source: 1107996-05

Nitrate (as N) mg/L0.04 1.7 3.21 85-115980.014.87

Nitrite (as N) mg/L0.04 1.4 ND 85-1151020.011.43

Batch BI11632 - Ion Chromatography 300.0 Prep

Blank (BI11632-BLK1) Prepared & Analyzed: 09/16/11 

Nitrite (as N) mg/L0.04 0.010.01 U

Nitrate (as N) mg/L0.04 0.010.01 U

Sulfate mg/L0.60 0.200.20 U

LCS (BI11632-BS1) Prepared & Analyzed: 09/16/11 

Nitrate (as N) mg/L0.04 1.7 85-115990.011.69

Nitrite (as N) mg/L0.04 1.4 85-1151010.011.41

Sulfate mg/L0.60 9.0 85-1151020.209.21

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 4, 2011

Revised Report

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BI11632 - Ion Chromatography 300.0 Prep

LCS Dup (BI11632-BSD1) Prepared & Analyzed: 09/16/11 

Nitrite (as N) mg/L0.04 1.4 20085-115101 00.011.41

Sulfate mg/L0.60 9.0 20085-115101 0.90.209.13

Nitrate (as N) mg/L0.04 1.7 20085-11599 00.011.69

Matrix Spike (BI11632-MS1) Prepared & Analyzed: 09/16/11 Source: 1108119-16

Sulfate mg/L0.60 9.0 55.6 85-1151000.2064.6

Nitrite (as N) mg/L0.04 1.4 0.305 85-115950.011.63

Nitrate (as N) mg/L0.04 1.7 25.3 85-115180.0125.6 +O

Matrix Spike (BI11632-MS2) Prepared & Analyzed: 09/16/11 Source: 1108119-26

Sulfate mg/L0.60 9.0 85.7 85-1152030.20104 +O

Nitrate (as N) mg/L0.04 1.7 11.4 85-115NR0.017.72 +O

Nitrite (as N) mg/L0.04 1.4 ND 85-1151000.011.40

Batch BI11702 - Ion Chromatography 300.0 Prep

Blank (BI11702-BLK1) Prepared & Analyzed: 09/17/11 

Nitrate (as N) mg/L0.04 0.010.01 U

Nitrite (as N) mg/L0.04 0.010.01 U

LCS (BI11702-BS1) Prepared & Analyzed: 09/17/11 

Nitrite (as N) mg/L0.04 1.4 85-115910.011.27

Nitrate (as N) mg/L0.04 1.7 85-115920.011.57

LCS Dup (BI11702-BSD1) Prepared & Analyzed: 09/17/11 

Nitrite (as N) mg/L0.04 1.4 20085-11591 00.011.27

Nitrate (as N) mg/L0.04 1.7 20085-11594 20.011.60

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Revised Report

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BI11702 - Ion Chromatography 300.0 Prep

Matrix Spike (BI11702-MS1) Prepared & Analyzed: 09/17/11 Source: 1108119-33

Nitrite (as N) mg/L0.04 1.4 ND 85-1151040.011.46

Nitrate (as N) mg/L0.04 1.7 0.286 85-115920.011.85

Matrix Spike (BI11702-MS2) Prepared & Analyzed: 09/17/11 Source: 1108119-43

Nitrite (as N) mg/L0.04 1.4 ND 85-1151070.011.50

Nitrate (as N) mg/L0.04 1.7 0.222 85-115930.011.80

Batch BI11703 - Ion Chromatography 300.0 Prep

Blank (BI11703-BLK1) Prepared & Analyzed: 09/17/11 

Nitrate (as N) mg/L0.04 0.010.01 U

Nitrite (as N) mg/L0.04 0.010.01 U

LCS (BI11703-BS1) Prepared & Analyzed: 09/17/11 

Nitrate (as N) mg/L0.04 1.7 85-115940.011.59

Nitrite (as N) mg/L0.04 1.4 85-115940.011.32

LCS Dup (BI11703-BSD1) Prepared & Analyzed: 09/17/11 

Nitrate (as N) mg/L0.04 1.7 20085-11595 10.011.61

Nitrite (as N) mg/L0.04 1.4 20085-11596 20.011.34

Matrix Spike (BI11703-MS1) Prepared & Analyzed: 09/17/11 Source: 1108308-01

Nitrate (as N) mg/L0.04 1.7 0.866 85-1151060.012.66

Nitrite (as N) mg/L0.04 1.4 ND 85-1151010.011.42

Batch BI11931 - Ion Chromatography 300.0 Prep

Blank (BI11931-BLK1) Prepared & Analyzed: 09/19/11 

Nitrate (as N) mg/L0.04 0.010.01 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Revised Report

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BI11931 - Ion Chromatography 300.0 Prep

LCS (BI11931-BS1) Prepared & Analyzed: 09/19/11 

Nitrate (as N) mg/L0.04 1.7 85-115940.011.60

LCS Dup (BI11931-BSD1) Prepared & Analyzed: 09/19/11 

Nitrate (as N) mg/L0.04 1.7 20085-11595 0.60.011.61

Matrix Spike (BI11931-MS1) Prepared & Analyzed: 09/19/11 Source: 1108431-01

Nitrate (as N) mg/L0.04 1.7 15.6 85-1151530.0118.2 +O

Matrix Spike (BI11931-MS2) Prepared & Analyzed: 09/19/11 Source: 1107976-01

Nitrate (as N) mg/L0.04 17 2.94 85-115900.0118.2

Batch BI12004 - COD prep

Blank (BI12004-BLK1) Prepared & Analyzed: 09/20/11 

Chemical Oxygen Demand mg/L25 1010 U

LCS (BI12004-BS1) Prepared & Analyzed: 09/20/11 

Chemical Oxygen Demand mg/L25 50 90-1101001050

Matrix Spike (BI12004-MS1) Prepared & Analyzed: 09/20/11 Source: 1107977-01

Chemical Oxygen Demand mg/L25 50 24 85-115901069

Matrix Spike Dup (BI12004-MSD1) Prepared & Analyzed: 09/20/11 Source: 1107977-01

Chemical Oxygen Demand mg/L25 50 24 3285-115106 111077

Batch BI12038 - COD prep

Blank (BI12038-BLK1) Prepared & Analyzed: 09/20/11 

Chemical Oxygen Demand mg/L25 1010 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108119

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 4, 2011

Revised Report

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BI12038 - COD prep

LCS (BI12038-BS1) Prepared & Analyzed: 09/20/11 

Chemical Oxygen Demand mg/L25 50 90-1101001050

Matrix Spike (BI12038-MS1) Prepared & Analyzed: 09/20/11 Source: 1108119-09

Chemical Oxygen Demand mg/L25 50 46 85-115881090

Matrix Spike Dup (BI12038-MSD1) Prepared & Analyzed: 09/20/11 Source: 1108119-09

Chemical Oxygen Demand mg/L25 50 46 3285-11588 01090

Batch BI12106 - Ion Chromatography 300.0 Prep

Blank (BI12106-BLK1) Prepared & Analyzed: 09/21/11 

Sulfate mg/L0.60 0.200.20 U

LCS (BI12106-BS1) Prepared & Analyzed: 09/21/11 

Sulfate mg/L0.60 9.0 85-115940.208.46

LCS Dup (BI12106-BSD1) Prepared & Analyzed: 09/21/11 

Sulfate mg/L0.60 9.0 20085-11595 0.80.208.53

Matrix Spike (BI12106-MS1) Prepared & Analyzed: 09/21/11 Source: 1108119-21

Sulfate mg/L0.60 90 178 85-1151090.20276

Matrix Spike (BI12106-MS2) Prepared & Analyzed: 09/21/11 Source: 1108119-31

Sulfate mg/L0.60 90 198 85-1151020.20290

Batch BI12141 - Ion Chromatography 300.0 Prep

Blank (BI12141-BLK1) Prepared & Analyzed: 09/22/11 

Sulfate mg/L0.60 0.200.20 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Revised Report

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BI12141 - Ion Chromatography 300.0 Prep

LCS (BI12141-BS1) Prepared & Analyzed: 09/22/11 

Sulfate mg/L0.60 9.0 85-115980.208.79

LCS Dup (BI12141-BSD1) Prepared & Analyzed: 09/22/11 

Sulfate mg/L0.60 9.0 20085-11593 40.208.41

Matrix Spike (BI12141-MS1) Prepared & Analyzed: 09/22/11 Source: 1108418-01

Sulfate mg/L0.60 900 203 85-115830.20952 +O

Matrix Spike (BI12141-MS2) Prepared & Analyzed: 09/22/11 Source: 1108407-03

Sulfate mg/L0.60 9.0 17.2 85-115900.2025.3

Batch BI12203 - COD prep

Blank (BI12203-BLK1) Prepared & Analyzed: 09/22/11 

Chemical Oxygen Demand mg/L25 1010 U

LCS (BI12203-BS1) Prepared & Analyzed: 09/22/11 

Chemical Oxygen Demand mg/L25 50 90-1101061053

Matrix Spike (BI12203-MS1) Prepared & Analyzed: 09/22/11 Source: 1108119-26

Chemical Oxygen Demand mg/L25 50 18 85-115901063

Matrix Spike Dup (BI12203-MSD1) Prepared & Analyzed: 09/22/11 Source: 1108119-26

Chemical Oxygen Demand mg/L25 50 18 3285-11586 31061

Batch BI12335 - COD prep

Blank (BI12335-BLK1) Prepared & Analyzed: 09/23/11 

Chemical Oxygen Demand mg/L25 1010 U

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Work Order: 1108119

Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 4, 2011

Revised Report

Result PQL Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Analyte

Inorganics - Quality Control

MDL

Batch BI12335 - COD prep

LCS (BI12335-BS1) Prepared & Analyzed: 09/23/11 

Chemical Oxygen Demand mg/L25 50 90-1101001050

Matrix Spike (BI12335-MS1) Prepared & Analyzed: 09/23/11 Source: 1107979-01

Chemical Oxygen Demand mg/L25 50 28 85-115861071

Matrix Spike Dup (BI12335-MSD1) Prepared & Analyzed: 09/23/11 Source: 1107979-01

Chemical Oxygen Demand mg/L25 50 28 3285-11586 01071

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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Tampa, FL 33619

Hazen and Sawyer

10002 Princess Palm Ave, Suite 200

October 4, 2011

Revised Report

* Qualifiers, Notes and Definitions

Results followed by a "U" indicate that the sample was analyzed but the compound was not detected. Results followed by "I" indicate 

that the reported value is between the laboratory method detection limts and the laboratory practical quantitation limit.

A statement of estimated uncertainty of test results is available upon request.

For methods marked with  **, all QC criteria have been met for this method which is equivalent to a SAL certified method.

Test results in this report meet all the requirements of the NELAC standards. Any applicable qualifiers are shown below. 

Questions regarding this report should be directed to Client Services at 813-855-1844.

+O Matrix spike source sample was over the reccommended range for the method.

FDOH Laboratory No.E84129

NELAP Accredited

Francis I. Daniels, Laboratory Director

Leslie C. Boardman, Q.A. Manager
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FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY  PAGE B-1 

PNRS II TEST FACILITY FINAL REPORT HAZEN AND SAWYER, P.C. 

 

Appendix B: PNRS II Database 



PNRS II TEST FACILITY 

SAMPLE EVENT NO. 1

EXPERIMENTAL DAY 45

Sample ID Media Composition Sample Date/Time Sample Type
Temp 

(°C)
pH

Total 

Alkalinity 

(mg/L)

DO       

(mg/L)

Specific 

Conductance 

(µS)

TDS 

(mg/L)

TSS 

(mg/L)

CBOD5 

(mg/L)

TN       

(mg/L N)

TKN        

(mg/L N)

Organic N 

(mg/L N)

NH3-N 

(mg/L N)

NOx 

(mg/L N)

TIN         

(mg/L N)

Sulfide 

(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

STE Sample

PNRS II STE-Tank 1 7/1/10 14:00 G 26.00 6.91 210 0.1 649 240 23 22.0 35.02 35.00 15.00 20.00 0.02 20.02

Stage 1 Single Pass Biofilters  Effluent

UNSAT-EC1 15" Expanded Clay 7/1/10 13:45 G 27.20 7.25 110 7.08 617 350 1 2.0 21.20 2.20 2.19 0.01 19.00 19.01 0.17 0.06 46

UNSAT-EC3 30" Expanded Clay 7/1/10 13:40 G 27.60 7.34 84 6.94 712 410 2 2.0 21.20 2.20 2.19 0.01 19.00 19.01

UNSAT-CL1 15" Clinoptilolite 7/1/10 13:30 G 27.20 8.30 230 3.53 857 470 7 2.0 20.70 2.70 2.69 0.01 18.00 18.01 0.10 0.01 37

UNSAT-CL3 30" Clinoptilolite 7/1/10 13:20 G 26.60 8.64 270 6.85 974 550 1 2.0 22.80 2.80 2.79 0.01 20.00 20.01

UNSAT-PS1 30" Polystyrene 7/1/10 13:15 G 27.00 7.28 160 2.70 599 270 4 3.0 25.30 16.00 9.60 6.40 9.30 15.70

Stage 2 Single Pass  Upflow Biofilters Effluent

DENIT-SU4 80% Sulfur; 20% Sodium Sesqui. 7/1/10 10:40 G 27.10 7.30 140 0.1 929 560 1 3.9 0.78 0.77 0.67 0.10 0.01 0.11 1.80 0.6 260

DENIT-LS3 50% Lignocellulosic; 50% Sand 7/1/10 10:30 G 28.10 7.70 200 0.1 695 370 2 12.0 2.01 2.00 1.05 0.95 0.01 0.96

DENIT-SU3 80% Sulfur; 20% Oyster Shell 7/1/10 10:10 G 27.60 7.17 170 0.1 1,257 710 16 13.0 2.71 2.70 2.24 0.46 0.01 0.47 4.70 1.8 340

DENIT-LS2 50% Lignocellulosic; 50% Expanded Clay 7/1/10 10:00 G 27.20 8.14 370 0.1 998 510 9 5.5 2.80 1.40 1.17 0.23 1.40 1.63

DENIT-LS4 30% Lignocellulosic; 70% Expanded Clay 7/1/10 9:45 G 28.10 7.62 180 0.46 618 270 1 9.1 14.01 14.00 8.20 5.80 0.01 5.81

Recirculation Tanks Effluent

RC1 7/1/10 14:10 G 30.80 7.28 160 637 330 5 2.8 27.00 15.00 9.30 5.70 12.00 17.70

RC2 7/1/10 13:45 G 30.50 7.27 140 679 340 3 2.0 27.00 15.00 9.70 5.30 12.00 17.30

RC3 7/1/10 12:50 G 29.20 7.61 200 760 360 6 2.0 27.00 16.00 10.50 5.50 11.00 16.50

RC4 7/1/10 12:40 G 28.80 7.61 220 811 400 21 2.7 27.00 16.00 10.50 5.50 11.00 16.50

Stage 1 Recirculating Biofilters Effluent

UNSAT-CL4 30" Clinoptilolite 7/1/10 11:15 G 27.60 6.72 220 7.28 860 480 8 2.0 10.30 2.40 2.38 0.02 7.90 7.92

UNSAT-CL2 15" Clinoptilolite 7/1/10 11:20 G 27.10 7.85 200 6.69 781 440 3 2.0 17.10 2.10 2.09 0.01 15.00 15.01

UNSAT-EC4 30" Expanded Clay 7/1/10 11:50 G 27.40 7.28 160 7.21 661 350 1 2.0 18.90 1.90 1.89 0.01 17.00 17.01

UNSAT-SA2 30" Sand 7/1/10 12:25 G 26.70 6.04 110 6.96 604 330 1 2.0 19.20 2.20 2.19 0.01 17.00 17.01

Denite Feed Tank (Tank 3)

DFT 7/1/10 12:15 G 26.90 8.06 160 7.31 744 390 1 2.0 21.20 3.20 3.19 0.01 18.00 18.01 0.10 0.01 46

Stage 2 Horizontal Biofilters Effluent

DENIT-SU1 80% Sulfur; 20% Oyster Shell 7/1/10 14:20 G 27.50 7.15 200 0.53 1,192 660 1 26.0 2.41 2.40 0.90 1.50 0.01 1.51 29.00 11 230

DENIT-SU2 80% Sulfur; 20% Sodium Sesqui. 7/1/10 14:25 G 27.90 9.08 260 1.23 1,398 690 1 4.9 6.40 1.20 1.19 0.01 5.20 5.21 0.10 0.01 140

DENIT-LS1 50% Lignocellulosic; 50% Expanded Clay 7/1/10 13:05 G 27.30 7.51 250 0.45 738 370 1 56.0 1.54 1.50 0.74 0.76 0.04 0.80

DENIT-GL1 12" Gravel; 60" Expanded Clay 7/1/10 12:08 G 27.80 7.96 220 1.54 794 380 1 39.0 6.60 1.90 0.94 0.96 4.70 5.66

In-situ Simulator Biofilters Effluent

UNSAT-IS1 (STE) 12" Sand; 12" Mix (45% EC, 35% Ligno, 20% Sulfur) 7/1/10 14:35 G 26.70 6.39 130 0.1 2,438 1,600 113 7.8 0.43 0.41 0.37 0.05 0.02 0.07 0.10 0.01 1,100

UNSAT-IS2 (NO3) 12" Sand; 12" Mix (45% EC, 35% Ligno, 20% Sulfur) 7/1/10 14:35 G 26.60 6.14 210 0.41 3,506 3,000 108 13.0 0.63 0.62 0.51 0.11 0.01 0.12 0.10 0.01 1,800

Notes

DO - Dissolved oxygen

G - Grab sample

Gray - Shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit.

1Total Nitrogen (TN) is a calculated value equal to the sum of TKN and NOX.
2Organic Nitrogen (ON) is a calculated value equal to the difference of TKN and NH3.
3Total Inorganic Nitrogen (TIN) is a calculated value equal to the sum of NH3 and NOX.

EC: expanded clay, CL: clinoptilolite, PS: polystyrene, SU: elemental sulfur, LS: lignocellulosic, GL: glycerol, OS: oyster shell, NS: sodium sesquicarbonate, GR: gravel



PNRS II TEST FACILITY 

SAMPLE EVENT NO. 2

EXPERIMENTAL DAY 106

Sample ID Media Composition
Sample 

Date/Time

Sample 

Type

Temp 

(°C)
pH

Total 

Alkalinity 

(mg/L)

DO       

(mg/L)

ORP 

(mV)

Specific 

Conductance 

(µS)

TDS 

(mg/L)

TSS 

(mg/L)

CBOD5 

(mg/L)

COD 

(mg/L)

TN       

(mg/L N)1

TKN        

(mg/L N)

Organic N 

(mg/L N)2

NH3-N 

(mg/L N)

NOx 

(mg/L N)

TIN         

(mg/L N)3

TP           

(mg/L)

Sulfide 

(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

Fecal            

(Ct/100 mL)

STE Sample

PNRS II STE-Tank 1 8/31/10 13:35 G 27.9 7.2 370 0.0 -263.9 1,092 380 70 27 210 67.05 67 8.00 59 0.053 59.05 7.4 800

Stage 1 Single Pass Biofilters  Effluent

UNSAT-EC1 15" Expanded Clay 8/31/10 12:40 G 28.6 7.0 130 6.8 137.5 1,055 670 1 2 13 46.30 4.3 4.29 0.01 42 42.01 3.9 0.1 0.05 51 1

UNSAT-EC1-DUP 15" Expanded Clay 8/31/10 12:40 G 1

UNSAT-EC3 30" Expanded Clay 8/31/10 12:50 G 29.2 7.0 150 6.7 117.0 1,133 740 1 2 16 45.30 3.3 3.29 0.01 42 42.01 3.9 1

UNSAT-CL1 15" Clinoptilolite 8/31/10 12:30 G 29.5 7.4 250 5.5 116.2 1,271 750 1 2 20 40.80 2.8 2.79 0.01 38 38.01 8.0 0.3 0.08 48 12

UNSAT-CL1-DUP 15" Clinoptilolite 8/31/10 12:30 G 10

UNSAT-CL3 30" Clinoptilolite 8/31/10 12:00 G 28.7 7.8 340 7.1 83.8 1,388 850 1 2 20 40.00 4.0 3.99 0.01 36 36.01 6.8 3

UNSAT-PS1 30" Polystyrene 8/31/10 11:40 G 28.6 7.6 280 2.5 60.0 1,010 420 2 5.7 48 61.20 53 7.00 46 8.2 54.20 5.9 930

Stage 2 Single Pass  Upflow Biofilters Effluent

DENIT-SU4 80% Sulfur; 20% Sodium Sesqui. 8/31/10 10:25 G 28.1 6.6 150 0.2 -106.6 1,395 950 1 2 22 1.39 1.3 0.99 0.31 0.091 0.40 3.2 0.1 0.01 550 1

DENIT-LS3 50% Lignocellulosic; 50% Sand 8/31/10 10:15 G 27.8 7.3 220 1.3 -21.0 1,114 680 1 2 29 34.20 3.2 3.05 0.15 31 31.15 3.3 1

DENIT-SU3 80% Sulfur; 20% Oyster Shell 8/31/10 10:00 G 28.4 6.7 270 0.1 -279.6 1,655 1,100 1 2 39 2.04 2.0 1.20 0.80 0.039 0.84 6.2 7.0 4.5 550 1

DENIT-LS2 50% Lignocellulosic; 50% Expanded Clay 8/31/10 9:50 G 27.3 7.8 380 4.1 -11.5 1,448 850 1 2 24 32.10 3.1 2.80 0.30 29 29.30 5.7 1

DENIT-LS4 30% Lignocellulosic; 70% Expanded Clay 8/31/10 9:40 G 27.1 7.6 360 0.4 -43.7 1,120 430 1 2 35 67.17 67 34.00 33 0.17 33.17 6.9 12

DENIT-LS4-DUP 30% Lignocellulosic; 70% Expanded Clay 8/31/10 9:40 G 350 420 1 2

Recirculation Tanks Effluent

RC1 8/31/10 13:00 G 30.0 7.3 210 0.03 -128.3 1,011 550 1 6 22 53.00 17 4.00 13 36 49.00 5.8 114

RC2 8/31/10 13:10 G 30.2 7.3 180 0.1 -108.2 1,031 560 1 2 24 40.00 17 2.00 15 23 38.00 4.2 99

RC3 8/31/10 13:20 G 30.2 7.6 160 0.1 89.0 1,128 590 1 3.3 61 45.00 12 3.30 8.7 33 41.70 6.4 109

RC4 8/31/10 13:30 G 30.4 7.8 180 0.0 73.0 1,112 620 12 3.0 29 38.00 11 2.60 8.4 27 35.40 6.7 112

Stage 1 Recirculating Biofilters Effluent

UNSAT-CL4 30" Clinoptilolite 8/31/10 10:55 G 29.3 7.8 170 7.1 35.5 1,174 680 1 2 13 45.10 2.1 2.09 0.01 43 43.01 7.6 1

UNSAT-CL4-DUP 30" Clinoptilolite 8/31/10 10:55 G 18 45.20 2.2 2.19 0.01 43 43.01 7.4

UNSAT-CL2 15" Clinoptilolite 8/31/10 11:05 G 26.8 7.4 120 6.4 30.2 1,050 650 1 2 22 45.10 3.1 3.09 0.01 42 42.01 7.1 4

UNSAT-EC4 30" Expanded Clay 8/31/10 11:20 G 28.5 7.0 130 6.9 78.8 1,000 640 1 2 13 40.90 2.9 2.89 0.01 38 38.01 3.8 1

UNSAT-SA2 30" Sand 8/31/10 11:30 G 28.2 6.9 110 6.3 89.2 953 638 1 2 13 39.30 3.3 3.29 0.01 36 36.01 6.3 1

Denite Feed Tank (Tank 3)

DFT 8/31/10 14:30 G 28.1 7.6 130 7.4 25.5 1,020 660 1 2 18 42.80 2.8 2.79 0.01 40 40.01 6.5 0.1 0.01 52 1

Stage 2 Horizontal Biofilters Effluent

DENIT-SU1 80% Sulfur; 20% Oyster Shell 8/31/10 8:55 G 25.1 7.0 240 0.1 -317.2 1,473 1,000 1 24 63 2.74 2.7 0.30 2.4 0.04 2.44 5.0 25 12 450 3

DENIT-SU2 80% Sulfur; 20% Sodium Sesqui. 8/31/10 9:05 G 24.8 7.0 210 0.5 -279.0 1,402 930 2 20 50 1.83 1.8 0.88 0.92 0.025 0.95 4.8 14 6.7 470 1

DENIT-LS1 50% Lignocellulosic; 50% Expanded Clay 8/31/10 9:20 G 25.2 7.7 250 0.2 -199.7 962 530 1 3.9 44 1.81 1.8 1.10 0.70 0.01 0.71 0.46 1

DENIT-GL1 12" Gravel; 60" Expanded Clay 8/31/10 9:30 G 25.2 6.4 660 0.00 -174.9 1,686 1,200 100 810 1,100 66.08 66 37.00 29 0.076 29.08 2.9 800

In-situ Simulator Biofilters Effluent

UNSAT-IS1 (STE) 12" Sand; 12" Mix (45% EC, 35% Ligno, 20% Sulfur) 8/31/10 13:35 G 29.5 6.5 270 0.1 -42.5 1,206 780 3 8.4 57 20.09 20 0.00 20 0.086 20.09 1.2 0.9 0.7 300 1

UNSAT-IS2 (NO3) 12" Sand; 12" Mix (45% EC, 35% Ligno, 20% Sulfur) 9/1/10 10:20 G

29.0 6.29 200 0.09 -174.5 1,543 950 60 2 50 0.65 0.64 0.43 0.21 0.01 0.22 1.5 0.1 0.01 470 1

Field Blank Reagent Water 8/31/10 8:30 2 10 1 2 10 0.06 0.05 0.04 0.01 0.01 0.02 0.01 0.1 0.2

Equipment Blank Reagent Water 8/31/10 8:40 2 10 1 2 10 0.06 0.05 0.04 0.01 0.01 0.02 0.01 0.1 0.2

DUP - Duplicate Sample

Notes:
1Total Nitrogen (TN) is a calculated value equal to the sum of TKN and NOX.
2Organic Nitrogen (ON) is a calculated value equal to the difference of TKN and NH3.

Purple-shaded data points indicate results based upon colony counts outside the method indicated ideal range.

Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.

Orange - shaded data points indicate too many colonies were present.  The numberic value represents the dilution factor times the maximum reportable number of colonies.

3Total Inorganic Nitrogen (TIN) is a calculated value equal to the sum of NH3 and NOX.

EC: expanded clay, CL: clinoptilolite, PS: polystyrene, SU: elemental sulfur, LS: lignocellulosic, GL: glycerol, OS: oyster shell, NS: sodium sesquicarbonate, GR: gravel

D.O. - Dissolved oxygen

G - Grab sample



PNRS II TEST FACILITY 

PROFILES

EXPERIMENTAL DAY 107

Sample ID
Sample Location within 

Biofilter
Media Composition Sample Date/Time Sample Type

NOx (mg/L 

N)

SO4            

(mg/L)

Stage 2 Single Pass  Upflow Biofilters Effluent

DENIT-SU4 - Effluent 24" from Inlet (Bottom) 8/31/10 10:25 G 0.091 550

DENIT-SU4-1 18" from Inlet (Bottom) 9/1/10 11:50 G 0.034 510

DENIT-SU4-2 12" from Inlet (Bottom) 9/1/10 11:52 G 14 370

DENIT-SU4-3 7" from Inlet (Bottom) 9/1/10 11:54 G 11 310

DENIT-SU4-4 3" from Inlet (Bottom) 9/1/10 11:56 G 8.4 300

DENIT-SU4-5 Influent (EC1 Effluent) 8/31/10 12:40 G 42.0 51

DENIT-LS3 - Effluent 24" from Inlet (Bottom) 8/31/10 10:15 G 31

DENIT-LS3-1 18" from Inlet (Bottom) 9/1/10 11:42 G 37

DENIT-LS3-2 12" from Inlet (Bottom) 9/1/10 11:43 G 42

DENIT-LS3-3 7" from Inlet (Bottom) 9/1/10 11:44 G 53

DENIT-LS3-4 3" from Inlet (Bottom) 9/1/10 11:46 G 40

DENIT-LS3-5 Influent (EC3 Effluent) 8/31/10 12:50 G 42

DENIT-SU3 - Effluent 24" from Inlet (Bottom) 8/31/10 10:00 G 0.039 550

DENIT-SU3-1 18" from Inlet (Bottom) 9/1/10 11:33 G 0.01 480

DENIT-SU3-2 12" from Inlet (Bottom) 9/1/10 11:35 G 0.01 490

DENIT-SU3-3 7" from Inlet (Bottom) 9/1/10 11:37 G 0.01 510

DENIT-SU3-4 3" from Inlet (Bottom) 9/1/10 11:39 G 0.01 510

DENIT-SU3-5 Influent (CL1 Effluent) 8/31/10 12:30 G 38.00 48

DENIT-LS2 - Effluent 24" from Inlet (Bottom) 8/31/10 9:50 G 29

DENIT-LS2-1 18" from Inlet (Bottom) 9/1/10 11:26 G 26

DENIT-LS2-2 12" from Inlet (Bottom) 9/1/10 11:27 G 32

DENIT-LS2-3 7" from Inlet (Bottom) 9/1/10 11:28 G 46

DENIT-LS2-4 3" from Inlet (Bottom) 9/1/10 11:30 G 53

DENIT-LS2-5 Influent (CL3 Effluent) 8/31/10 12:00 G 36

DENIT-LS4 - Effluent 24" from Inlet (Bottom) 8/31/10 9:40 G 0.17

DENIT-LS4-1 18" from Inlet (Bottom) 9/1/10 11:15 G 0.11

DENIT-LS4-2 12" from Inlet (Bottom) 9/1/10 11:18 G 0.026

DENIT-LS4-3 7" from Inlet (Bottom) 9/1/10 11:20 G 0.028

DENIT-LS4-4 3" from Inlet (Bottom) 9/1/10 11:21 G 0.74

DENIT-LS4-5 Influent (PS1 Effluent) 8/31/10 11:40 G 8.20

Stage 2 Horizontal Biofilters Effluent

DENIT-SU1-Effluent 72" from Inlet 8/31/10 8:55 G 0.04 450

DENIT-SU1-36 36" from Inlet 9/1/10 9:00 G 17 270

DENIT-SU1-24 24" from Inlet 9/1/10 10:05 G 22 170

DENIT-SU1-12 12" from Inlet 9/1/10 11:05 G 21 200

DENIT-SU1-0 Influent (DFT Effluent) 8/31/10 14:30 G 40 52

DENIT-SU2-Effluent 72" from Inlet 8/31/10 9:05 G 0.025 470

DENIT-SU2-36 36" from Inlet 9/1/10 9:00 G 0.01 420

DENIT-SU2-24 24" from Inlet 9/1/10 10:05 G 0.01 400

DENIT-SU2-12 12" from Inlet 9/1/10 11:05 G 42 76

DENIT-SU2-0 Influent (DFT Effluent) 8/31/10 14:30 G 40 52

DENIT-LS1-Effluent 72" from Inlet 8/31/10 9:20 G 0.01

DENIT-LS1-36 36" from Inlet 9/1/10 9:00 G 11

DENIT-LS1-24 24" from Inlet 9/1/10 10:05 G 49

DENIT-LS1-12 12" from Inlet 9/1/10 11:05 G 56

DENIT-LS1-0 Influent (DFT Effluent) 8/31/10 14:30 G 40

DENIT-GL1-Effluent 72" from Inlet 8/31/10 9:30 G 0.076

DENIT-GL1-36 36" from Inlet 9/1/10 9:00 G 0.043

DENIT-GL1-24 24" from Inlet 9/1/10 10:05 G 0.061

DENIT-GL1-12 12" from Inlet 9/1/10 11:05 G 1.8

DENIT-GL1-0 Influent (DFT Effluent) 8/31/10 14:30 G 40

G - Grab sample

Gray - Shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit.

Notes

50% Lignocellulosic; 50% Expanded Clay

12" Gravel; 60" Expanded Clay

80% Sulfur; 20% Oyster Shell

80% Sulfur; 20% Sodium Sesqui.

80% Sulfur; 20% Sodium Sesqui.

50% Lignocellulosic; 50% Sand

80% Sulfur; 20% Oyster Shell

50% Lignocellulosic; 50% Expanded Clay

30% Lignocellulosic; 70% Expanded Clay



PNRS II TEST FACILITY 

SAMPLE EVENT NO. 3

EXPERIMENTAL DAY 177

Sample ID Media Composition
Sample 

Date/Time

Sample 

Type

Temp 

(°C)
pH

Total 

Alkalinity 

(mg/L)

DO       

(mg/L)

ORP 

(mV)

Specific 

Conductance 

(µS)

TDS 

(mg/L)

TSS 

(mg/L)

CBOD5 

(mg/L)

COD 

(mg/L)

TN       

(mg/L N)1

TKN        

(mg/L N)

Organic N 

(mg/L N)2

NH3-N 

(mg/L N)

NOx 

(mg/L N)

TIN         

(mg/L N)3

TP           

(mg/L)

Sulfide 

(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

STE Sample

PNRS II STE-Tank 1 11/10/10 13:50 G 25.1 7.2 430 2.4 -235.0 1,250 450 70 91 240 80.0 80 13.0 67 0.01 67.0 15 5.4 33

PNRS II STE-Tank 1-DUP 11/10/10 14:00 G 25.3 7.3 410 2.2 -230.0 1,250 470 64 100 240 85.1 85 11.0 74 0.11 74.1

Stage 1 Single Pass Biofilters  Effluent

UNSAT-EC1 15" Expanded Clay 11/10/10 16:00 G 20.6 6.9 180 7.1 108.0 1,150 770 1 2 10 66.8 4.8 3.5 1.3 62 63.3 1.0 0.01 61

UNSAT-EC3 30" Expanded Clay 11/10/10 15:30 G 21.5 6.8 220 6.8 105.0 1,250 850 1 2 10 85.9 4.9 2.5 2.4 81 83.4

UNSAT-CL1 15" Clinoptilolite 11/10/10 15:40 G 22.0 7.1 230 7.3 105.5 1,130 800 1 2 10 46.6 2.6 2.6 0.005 44 44.0 1.0 0.01 62

UNSAT-CL3 30" Clinoptilolite 11/10/10 15:50 G 22.0 7.4 290 7.6 100.5 1,280 820 2 2 29 82.7 2.7 2.7 0.005 80 80.0

Stage 2 Single Pass  Upflow Biofilters Effluent

DENIT-SU4 10% Limestone; 30% Sulfur; 60% Expanded Clay 11/10/10 13:40 G

21.0 7.3 210 7.8 -118.0 1,510 1,100 6 2 13 0.9 0.89 0.8 0.10 0.02 0.1 1.0 0.09 560

DENIT-LS3 50% Lignocellulosic; 50% Sand 11/10/10 12:30 G 20.0 6.9 220 4.7 67.5 1,200 840 1 2 11 24.3 4.3 3.8 0.52 20 20.5

DENIT-SU3 80% Sulfur; 20% Oyster Shell 11/10/10 13:30 G 21.4 7.2 260 7.7 -180.0 1,480 1,000 2 3 26 1.9 1.8 1.3 0.55 0.05 0.6 2.4 0.85 450

DENIT-LS2 25% Lignocellulosic; 75% Expanded Clay 11/10/10 12:15 G 21.5 7.4 320 4.1 71.0 1,200 780 2 2 26 19.8 3.8 3.7 0.10 16 16.1

DENIT-LS4 30% Lignocellulosic; 70% Expanded Clay 11/10/10 12:05 G 20.0 7.3 200 3.8 81.0 900 480 2 2 20 30.8 21 6.0 15 9.8 24.8

Recirculation Tanks Effluent

RC1 11/10/10 12:50 G 20.6 7.3 180 2.1 57.0 1,000 580 3 2 29 41.0 17 5.0 12 24 36.0

RC2 11/10/10 13:00 G 19.5 7.2 210 1.6 58.5 1,020 590 2 8 35 43.0 19 6.0 13 24 37.0

RC3 11/10/10 13:10 G 19.2 7.2 260 2.3 57.5 1,040 550 6 9 39 36.0 19 7.0 12 17 29.0

RC4 11/10/10 13:20 G 19.7 7.4 260 1.9 49.3 1,090 590 2 4 26 35.0 17 5.0 12 18 30.0

RC5 11/10/10 16:10 G 22.0 7.3 260 3.3 96.0 1,050 480 8 8 61 45.0 31 3.0 28 14 42.0

Stage 1 Recirculating Biofilters Effluent

UNSAT-CL4 30" Clinoptilolite 11/10/10 11:40 G 23.5 7.2 270 8.0 52.8 1,040 660 1 2 11 42.6 2.6 2.6 0.005 40 40.0 63

UNSAT-CL2 15" Clinoptilolite 11/10/10 11:30 G 23.1 7.0 200 5.4 50.2 1,000 630 2 2 24 56.3 2.3 2.3 0.005 54 54.0

UNSAT-EC4 30" Expanded Clay 11/10/10 11:20 G 22.2 6.9 140 7.3 46.5 980 660 2 2 10 52.3 2.3 2.3 0.005 50 50.0

UNSAT-SA2 30" Sand 11/10/10 11:10 G 22.5 6.9 120 7.7 47.5 930 610 13 2 22 41.5 3.5 2.8 0.74 38 38.7

UNSAT-PS1 30" Polystyrene 11/10/10 13:50 G 23.8 7.2 200 7.8 90.0 950 550 5 4 39 98.0 28 7.0 21 70 91.0

Pump 15 Tank (DENIT-LS4 Influent) 11/10/10 13:45 G 20.7 7.4 200 7.1 18.8 970 550 6 3 33 42.0 21 4.0 17 21 38.0

Denite Feed Tank (Tank 3)

DFT 11/10/10 11:50 G 18.5 7.2 200 8.3 62.2 980 630 1 2 22 19.5 3.5 3.3 0.17 16 16.2 1.0 0.1 64

Stage 2 Horizontal Biofilters Effluent

DENIT-SU1 80% Sulfur; 20% Oyster Shell 11/10/10 10:15 G 28.0 6.9 230 1.6 -270.0 1,250 900 1 18 50 2.0 1.9 1.1 0.76 0.14 0.9 17 9.2 350

DENIT-SU2 10% Limestone; 30% Sulfur; 60% Expanded Clay 11/10/10 10:25 G

25.5 7.0 210 0.2 -90.0 1,350 1,000 8 2 18 0.8 0.74 0.7 0.033 0.03 0.1 1.0 0.01 490

DENIT-LS1 50% Lignocellulosic; 50% Expanded Clay 11/10/10 10:40 G 21.4 7.4 210 1.1 -120.0 970 540 1 2 18 20.7 2.7 2.7 0.005 18 18.0

DENIT-GL1 12" Gravel; 60" Expanded Clay 11/10/10 10:55 G 21.0 6.9 390 0.8 -180.0 900 540 4 3 22 2.0 1.9 1.0 0.88 0.07 1.0

In-situ Simulator Biofilters Effluent

UNSAT-IS1 (STE) 12" Sand; 12" Mix (45% EC, 35% Ligno, 20% Sulfur) 11/10/10 10:00 G 20.5 6.8 390 1.9 -161.0 1,120 540 6 2 76 53.2 53 3.0 50 0.18 50.2 4.7 2.8 79

UNSAT-IS1 (STE) 12" Sand; 12" Mix (45% EC, 35% Ligno, 20% Sulfur) 11/12/10 6:45 G 17.0 7.1 370 2.0 221.6 1,168 530 2 2 76 75.0 75 6.0 69 0.04 69.0 4.3 1.8 83

UNSAT-IS2 (NO3) 12" Sand; 12" Mix (45% EC, 35% Ligno, 20% Sulfur) 11/10/10 9:45 G 19.2 6.8 180 0.8 -130.0 1,300 820 19 2 20 1.3 1.2 0.4 0.80 0.05 0.9 1.0 0.01 380

UNSAT-IS2 (NO3) 12" Sand; 12" Mix (45% EC, 35% Ligno, 20% Sulfur) 11/12/10 6:45 G 17.1 6.5 170 0.8 -213.6 365 890 10 2 13 1.2 1.2 0.5 0.71 0.04 0.8 1.0 0.01 400

UNSAT-IS3 (STE) 12" Sand; 10" Mix (60% EC, 40% Ligno); 3" Sulfur) 11/15/10 8:30 G 18.7 6.7 280 0.4 158.3 1,505 2,300 4 3 46 34.4 6.4 0.2 6.2 28 34.2 1.0 0.01 290

UNSAT-IS4 (NO3) 12" Sand; 10" Mix (60% EC, 40% Ligno); 3" Sulfur) 11/10/10 15:15 G

43.1 2.1 2.1 0.036 41 41.0 490

UNSAT-IS4 (NO3) 12" Sand; 10" Mix (60% EC, 40% Ligno); 3" Sulfur) 11/15/10 8:45 G

18.3 7.48 280 9.0 152.8 0.01 35 12.8 1.8 1.7 0.086 11 11.1 440

Field Blank Reagent Water 11/10/10 15:00 24.5 6.5 2 8.0 12.5 25 10 1 2 10 0.1 0.07 0.1 0.005 0.01 0.02

Equipment Blank Reagent Water - Cleaned STE Bottle #2 11/10/10 14:10 23.0 6.7 2 8.5 -80.0 28 10 1 2 10 0.1 0.06 0.1 0.005 0.01 0.02

DUP - Duplicate Sample

Green-shaded data points indicate that sample was re-run by Southern Analytical Laboratories, Inc. The sample was held beyond the accepted holding time.

Blue-shaded data points indicate matrix spike was outside typical range. All other QC criteria were acceptable.

Purple-shaded data points indicate results based upon colony counts outside the method indicated ideal range.

Notes:
1Total Nitrogen (TN) is a calculated value equal to the sum of TKN and NOX.
2Organic Nitrogen (ON) is a calculated value equal to the difference of TKN and NH3.
3Total Inorganic Nitrogen (TIN) is a calculated value equal to the sum of NH3 and NOX.

EC: expanded clay, CL: clinoptilolite, PS: polystyrene, SU: elemental sulfur, LS: lignocellulosic, GL: glycerol, OS: oyster shell, NS: sodium sesquicarbonate, GR: gravel

D.O. - Dissolved oxygen

G - Grab sample

Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.

Orange - shaded data points indicate too many colonies were present.  The numberic value represents the dilution factor times the maximum reportable number of colonies.



PNRS II TEST FACILITY 

SAMPLE EVENT NO. 4

EXPERIMENTAL DAY 241

Sample ID Media Composition Analytical Laboratory
Sample 

Date/Time

Sample 

Type

Temp 

(°C)
pH

Total 

Alkalinity 

(mg/L)

DO       

(mg/L)

ORP 

(mV)

Specific 

Conductance 

(µS)

TDS 

(mg/L)

TSS 

(mg/L)

CBOD5 

(mg/L)

COD 

(mg/L)

TN       

(mg/L N)1

TKN        

(mg/L N)

Organic N 

(mg/L N)2

NH3-N 

(mg/L N)

NO3-N 

(mg/L N)

NO2-N 

(mg/L N)

NOx 

(mg/L N)

TIN         

(mg/L N)3

TP           

(mg/L)

Sulfide 

(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

Fecal            

(Ct/100 mL)

STE Sample

PNRS II STE-Tank 1 Southern 1/13/11 13:15 G 13.7 7.1 380 2.7 -236.5 1,220 470 83 78 230 66.0 66 9.0 57 0.02 0.01 0.03 57.03 16 6.9 13 8,900

PNRS II STE-Tank 1-DUP Southern 1/13/11 13:15 G 13.7 7.1 340 2.7 -236.5 1,220 470 64 85 280 62.1 62 4.0 58 0.05 0.01 0.06 58.06 11,100

PNRS II STE-Tank 1-DUP2 Pace 1/13/11 13:15 G 13.7 7.1 351 2.7 -236.5 1,220 570 15.5 87.9 290 61.3 61.1 9.8 51.3 0.12 0.12 0.24 51.54 14.1 17.6 100

Stage 1 Single Pass Biofilters  Effluent

UNSAT-EC1 15" Expanded Clay Southern 1/13/11 12:05 G 7.8 6.7 160 7.9 36.5 1,110 730 1 2 16 49.1 4.0 2.3 1.7 45 0.11 45.11 46.81 61 3,900

UNSAT-EC1-DUP 15" Expanded Clay Southern 1/13/11 12:05 G 7.8 6.7 180 7.9 36.5 1,110 720 1 2 24 48.2 4.1 2.5 1.6 44 0.11 44.11 45.71 3,000

UNSAT-EC3 30" Expanded Clay Southern 1/13/11 12:05 G 6.3 6.8 210 7.9 38.7 1,150 740 1 2 11 47.5 3.5 3.5 0.005 44 0.01 44.01 44.02 4

UNSAT-EC3-DUP 30" Expanded Clay Pace 1/13/11 12:05 G 6.3 6.8 222 7.9 38.7 1,150 914 5 3 16.2 35.8 0.42 0.4 0.020 35.1 0.25 35.35 35.37 5.6 64.4 12

UNSAT-CL1 15" Clinoptilolite Southern 1/13/11 11:45 G 8.2 7.2 180 8.8 32.3 1,200 710 1 2 16 33.9 2.7 2.7 0.020 31 0.16 31.16 31.18 59 100

UNSAT-CL1-DUP 15" Clinoptilolite Southern 1/13/11 11:45 G 8.2 7.2 280 8.8 32.3 1,200 700 3 2 20 24.1 2.9 2.9 0.020 21 0.18 21.18 21.20 40

UNSAT-CL3 30" Clinoptilolite Southern 1/13/11 12:05 G 8.3 7.3 300 9.9 20.2 1,300 810 1 2 13 43.8 2.7 2.7 0.016 41 0.07 41.07 41.09 110

UNSAT-CL3-DUP 30" Clinoptilolite Southern 1/13/11 12:05 G 8.3 7.3 280 9.9 20.2 1,300 840 2 2 16 42.9 2.8 2.8 0.018 40 0.06 40.06 40.08 25

Stage 2 Single Pass  Upflow Biofilters Effluent

DENIT-SU4 10% Limestone; 30% Sulfur; 60% Expanded Clay Southern 1/13/11 9:00 G 7.0 6.8 240 4.2 -99.6 1,350 1,000 2 2 20 1.3 1.2 1.0 0.22 0.10 0.03 0.13 0.35 0.14 0.08 420 3

DENIT-LS3 50% Lignocellulosic; 50% Sand Southern 1/13/11 9:00 G 6.6 6.7 240 5.4 -79 1,150 790 1 2 16 45.4 2.3 2.3 0.012 43 0.05 43.05 43.06 1

DENIT-SU3 80% Sulfur; 20% Oyster Shell Southern 1/13/11 9:00 G 6.9 6.9 280 2.8 -208.7 1,420 1,000 11 9 50 3.0 2.9 2.1 0.80 0.01 0.04 0.05 0.85 380 6

DENIT-LS2 25% Lignocellulosic; 75% Expanded Clay Southern 1/13/11 9:00 G 6.8 7.3 340 5.0 -135 1,300 860 1 2 16 43.8 2.7 2.6 0.085 41 0.07 41.07 41.16 1

DENIT-LS4 30% Lignocellulosic; 70% Expanded Clay Southern 1/13/11 9:00 G 7.4 7.3 230 5.2 -98.6 810 460 118 4 22 15.4 12 2.5 9.5 3.1 0.29 3.39 12.89 1

Recirculation Tanks Effluent

RC1 Southern 1/13/11 11:45 G 7.2 7.2 190 1.6 -0.9 950 520 7 11 37 26.5 12 1.0 11 14 0.53 14.53 25.53 8,200

RC2 Southern 1/13/11 11:40 G 7.4 7.1 200 2.5 -5 1,000 570 4 9 41 29.2 13 0.0 13 16 0.22 16.22 29.22 9,100

RC3 Southern 1/13/11 11:40 G 7.4 6.9 220 2.0 -21.7 990 560 13 12 46 28.4 12 1.0 11 14 2.4 16.40 27.40 13,000

RC4 Southern 1/13/11 12:30 G 8.3 7.3 280 0.4 -121.9 1,050 600 12 9 57 31.5 18 2.0 16 10 3.5 13.50 29.50 8,700

RC5 Southern 1/13/11 11:10 G 7.9 7.1 220 1.5 -120.7 930 500 17 16 57 36.9 29 6.0 23 6.3 1.6 7.90 30.90 12,700

Stage 1 Recirculating Biofilters Effluent

UNSAT-CL4 30" Clinoptilolite Southern 1/13/11 11:15 G 7.9 7.3 170 11.0 55.5 970 660 1 2 13 38.4 2.2 2.2 0.011 36 0.15 36.15 36.16 1

UNSAT-CL2 15" Clinoptilolite Southern 1/13/11 9:50 G 6.0 7.0 180 7.9 -88.9 990 600 1 3 16 29.2 2.0 2.0 0.019 27 0.23 27.23 27.25 730

UNSAT-EC4 30" Expanded Clay Southern 1/13/11 10:10 G 7.0 6.9 150 10.0 -88.8 960 600 1 2 16 32.9 2.4 2.4 0.038 30 0.50 30.50 30.54 21

UNSAT-SA2 30" Sand Southern 1/13/11 10:10 G 6.2 6.8 150 9.6 -70.8 900 550 1 3 16 28.7 3.0 2.3 0.66 25 0.71 25.71 26.37 41

UNSAT-PS1 30" Polystyrene Southern 1/13/11 10:15 G 5.8 7.3 200 5.2 -28.5 930 490 9 12 52 28.3 17 1.0 16 10 1.3 11.30 27.30 9,500

Pump 15 Tank (DENIT-LS4 Influent) Southern 1/13/11 9:20 G 5.0 7.0 200 6.4 -26.9 900 510 4 10 41 33.2 21 4.0 17 11 1.2 12.20 29.20 3,900

Denite Feed Tank (Tank 3)

DFT Southern 1/13/11 10:35 G 6.4 7.0 160 9.8 -40.9 950 590 1 2 46 31.5 2.4 2.3 0.054 29 0.06 29.06 29.11 67 22

Stage 2 Horizontal Biofilters Effluent

DENIT-SU1 80% Sulfur; 20% Oyster Shell Southern 1/13/11 8:00 G 0.2 6.8 220 1.2 -231.2 1,080 760 1 8 22 3.0 2.6 2.1 0.46 0.11 0.24 0.35 0.81 270 5

DENIT-SU2 10% Limestone; 30% Sulfur; 60% Expanded Clay Southern 1/13/11 8:00 G 0.3 6.8 200 1.6 -212.2 1,130 740 1 6 24 1.2 1.1 0.8 0.30 0.01 0.05 0.06 0.36 4.3 2.6 300 3

DENIT-LS1 50% Lignocellulosic; 50% Expanded Clay Southern 1/13/11 8:00 G 0.3 7.0 190 0.6 -173.1 910 590 1 2 16 23.9 1.8 1.8 0.007 22 0.1 22.10 22.11 1

DENIT-LS1-DUP 50% Lignocellulosic; 50% Expanded Clay Pace 1/13/11 8:00 G 0.3 7.0 219 0.6 -173.1 910 640 5 3 20.5 22.3 0.63 0.6 0.020 21.5 0.12 21.62 21.64 5.2 55.5

DENIT-GL1 12" Gravel; 60" Expanded Clay Southern 1/13/11 8:00 G 0.3 6.6 400 0.9 -208.7 1,000 540 3 17 48 6.5 6.3 0.5 5.8 0.11 0.04 0.15 5.95 1

In-situ Simulator Biofilters Effluent

UNSAT-IS1 (receives STE) 15" Sand; 12" Mix (45% EC, 35% Ligno, 20% Sulfur) Southern 1/13/11 10:00 G 1.2 6.7 430 0.4 -141.2 1,200 480 7 65 120 64.4 64 6.0 58 0.08 0.29 0.37 58.37 7 10

UNSAT-IS2 (receives NO3) 12" Sand; 12" Mix (45% EC, 35% Ligno, 20% Sulfur) Southern 1/13/11 8:15 G 6.2 6.8 200 3.9 -234.5 680 710 1 6 18 1.3 1.1 0.6 0.53 0.01 0.21 0.22 0.75 250 1

UNSAT-IS3-SP (receives STE) 12" Sand; 10" Mix (60% EC, 40% Ligno) Southern 1/13/11 14:10 G 4.0 7.5 210 12 39.2 980 600 3 2 26 7.7 1.8 1.8 0.036 3.70 2.20 5.90 5.94 130

UNSAT-IS3 (receives STE) 12" Sand; 10" Mix (60% EC, 40% Ligno); 3" Sulfur Southern 1/11/11 8:20 G 11.6 6.97 300 0.4 136.5 1,331 850 10 2 31 36.4 4.1 2.9 1.2 24.0 8.3 32.30 33.50 120

UNSAT-IS3 (receives STE) 12" Sand; 10" Mix (60% EC, 40% Ligno); 3" Sulfur Pace 1/11/11 8:20 G 11.6 6.97 280 0.4 136.5 1,331 868 10 24.2 41.8 1.9 0.8 1.1 31.3 8.6 39.90 41.00 0.50 116 1

UNSAT-IS4-SP (receives NO3) 12" Sand; 10" Mix (60% EC, 40% Ligno) Southern 1/13/11 14:00 G 5.1 6.60 100 12.0 35.1 1,050 710 1 2 22 52.4 3.5 3.4 0.1 46.0 2.9 48.90 49.00 92 1

UNSAT-IS4 (receives NO3) 12" Sand; 10" Mix (60% EC, 40% Ligno); 3" Sulfur Southern 1/11/11 8:30 G 11.6 7.08 260 1.0 150.4 993 620 7 2 29 1.0 0.87 0.8 0.092 0.11 0.01 0.12 0.21 110

UNSAT-IS4 (receives NO3) 12" Sand; 10" Mix (60% EC, 40% Ligno); 3" Sulfur Pace 1/11/11 8:30 G 11.6 7.08 264 1.0 150.4 993 637 5.0 29.5 1.1 1.0 0.9 0.052 0.050 0.050 0.10 0.15 3.9 119 1

Field Blank Reagent Water Southern 1/13/11 8:45 5.0 7.0 2 9.8 -54.6 40 10 1 2 10 0.1 0.05 0.05 0.005 0.01 0.01 0.02 0.03 1

Equipment Blank Reagent Water - Cleaned STE Bottle #2 Southern 1/13/11 11:30 5.3 7.0 2 9.8 -54.6 40 10 1 2 10 0.1 0.05 0.04 0.008 0.01 0.01 0.02 0.03 1

DUP - Duplicate Sample

Blue-shaded data points indicate matrix spike was outside typical range. All other QC criteria were acceptable.

D.O. - Dissolved oxygen

G - Grab sample

Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.

Orange - shaded data points indicate too many colonies were present.  The numberic value represents the dilution factor times the maximum reportable number of colonies.

Purple-shaded data points indicate results based upon colony counts outside the method indicated ideal range.

Notes:
1
Total Nitrogen (TN) is a calculated value equal to the sum of TKN and NOX.

2
Organic Nitrogen (ON) is a calculated value equal to the difference of TKN and NH3.

EC: expanded clay, CL: clinoptilolite, PS: polystyrene, SU: elemental sulfur, LS: lignocellulosic, GL: glycerol, OS: oyster shell, NS: sodium sesquicarbonate, GR: gravel

3
Total Inorganic Nitrogen (TIN) is a calculated value equal to the sum of NH3 and NOX.



PNRS II TEST FACILITY 

PROFILES

EXPERIMENTAL DAY 242

Sample ID
Sample Location within 

Biofilter
Media Composition Sample Date/Time Sample Type COD (mg/L) NO3-N (mg/L N) NO2-N (mg/L N)

NOx (mg/L 

N)

SO4            

(mg/L)

Stage 2 Single Pass  Upflow Biofilters Effluent

DENIT-SU4 - Effluent 24" from Inlet (Bottom) 1/13/11 9:00 G 20 0.1 0.030 0.13 420

DENIT-SU4-18 18" from Inlet (Bottom) 1/14/11 12:30 G 26 0.01 0.010 0.02 400

DENIT-SU4-12 12" from Inlet (Bottom) 1/14/11 12:20 G 18 0.85 0.010 0.86 380

DENIT-SU4-7 7" from Inlet (Bottom) 1/14/11 12:25 G 13 2.7 0.010 2.71 400

DENIT-SU4-3 3" from Inlet (Bottom) 1/14/11 12:30 G 22 13 0.480 13.48 270

UNSAT-EC1 Influent (EC1 Effluent) 1/13/11 12:05 G 16 45 0.110 45.11 61

DENIT-LS3 - Effluent 24" from Inlet (Bottom) 1/13/11 9:00 G 16 43 0.050 43.05

DENIT-LS3-18 18" from Inlet (Bottom) 1/14/11 11:55 G 26 42 0.01 42.01

DENIT-LS3-12 12" from Inlet (Bottom) 1/14/11 11:50 G 11 45 0.01 45.01

DENIT-LS3-7 7" from Inlet (Bottom) 1/14/11 11:45 G 18 43 0.01 43.01

DENIT-LS3-3 3" from Inlet (Bottom) 1/14/11 11:40 G 13 46 0.01 46.01

UNSAT-EC3 Influent (EC3 Effluent) 1/13/11 12:05 G 11 44 0.01 44.01

DENIT-SU3 - Effluent 24" from Inlet (Bottom) 1/13/11 9:00 G 50 0.01 0.04 0.05 380

DENIT-SU3-18 18" from Inlet (Bottom) 1/14/11 10:55 G 37 0.01 0.01 0.02 290

DENIT-SU3-12 12" from Inlet (Bottom) 1/14/11 11:00 G 44 0.01 0.01 0.02 300

DENIT-SU3-7 7" from Inlet (Bottom) 1/14/11 11:05 G 44 0.19 0.01 0.20 260

DENIT-SU3-3 3" from Inlet (Bottom) 1/14/11 11:10 G 26 3.3 2.2 5.50 270

UNSAT-CL1 Influent (CL1 Effluent) 1/13/11 11:45 G 16 31 0.160 31.16 59

DENIT-LS2 - Effluent 24" from Inlet (Bottom) 1/13/11 9:00 G 16 41 0.070 41.07

DENIT-LS2-18 18" from Inlet (Bottom) 1/14/11 9:50 G 46 39 0.01 39.01

DENIT-LS2-12 12" from Inlet (Bottom) 1/14/11 9:55 G 52 43 0.01 43.01

DENIT-LS2-7 7" from Inlet (Bottom) 1/14/11 10:00 G 59 41 0.01 41.01

DENIT-LS2-3 3" from Inlet (Bottom) 1/14/11 10:05 G 70 36 0.01 36.01

UNSAT-CL3 Influent (CL3 Effluent) 1/13/11 12:05 G 13 41 0.070 41.07

DENIT-LS4 - Effluent 24" from Inlet (Bottom) 1/13/11 9:00 G 22 3.1 0.290 3.39

DENIT-LS4-18 18" from Inlet (Bottom) 1/14/11 11:10 G 24 0.02 0.01 0.03

DENIT-LS4-12 12" from Inlet (Bottom) 1/14/11 11:10 G 20 0.36 0.01 0.37

DENIT-LS4-7 7" from Inlet (Bottom) 1/14/11 11:10 G 22 2.8 0.01 2.81

DENIT-LS4-3 3" from Inlet (Bottom) 1/14/11 11:10 G 22 3.3 0.01 3.31

UNSAT-P15-T Influent (PS1 Effluent) 1/13/11 9:20 G 41 11 1.2 12.20

Stage 2 Horizontal Biofilters Effluent

DENIT-SU1-Effluent 72" from Inlet 1/13/11 8:00 G 22 0.11 0.24 0.35 270

DENIT-SU1-60 60" from Inlet 1/14/11 10:20 G 31 22 1.2 23.20 110

DENIT-SU1-48 48" from Inlet 1/14/11 9:20 G 13 25 1.7 26.70 95

DENIT-SU1-36 36" from Inlet 1/14/11 8:20 G 11 27 1.3 28.30 84

DFT Influent (DFT Effluent) 1/13/11 10:35 G 46 29 0.06 29.06 67

DENIT-SU2-Effluent 72" from Inlet 1/13/11 8:00 G 24 0.01 0.05 0.06 300

DENIT-SU2-36 36" from Inlet 1/14/11 10:20 G 22 1.2 5.1 6.30 240

DENIT-SU2-24 24" from Inlet 1/14/11 9:20 G 13 7.8 5.1 12.90 190

DENIT-SU2-12 12" from Inlet 1/14/11 8:20 G 18 26 1.8 27.80 110

DFT Influent (DFT Effluent) 1/13/11 10:35 G 46 29 0.06 29.06 67

DENIT-LS1-Effluent 72" from Inlet 1/13/11 8:00 G 16 22 0.1 22.10

DENIT-LS1-60 60" from Inlet 1/14/11 10:20 G 13 27 0.01 27.01

DENIT-LS1-48 48" from Inlet 1/14/11 9:20 G 13 26 0.01 26.01

DENIT-LS1-36 36" from Inlet 1/14/11 8:20 G 10 29 0.01 29.01

DFT Influent (DFT Effluent) 1/13/11 10:35 G 46 29 0.06 29.06 67

DENIT-GL1-Effluent 72" from Inlet 1/13/11 8:00 G 48 0.11 0.040 0.15

DENIT-GL1-36 36" from Inlet 1/14/11 10:20 G 87 0.03 0.47 0.50

DENIT-GL1-24 24" from Inlet 1/14/11 9:20 G 160 0.01 0.01 0.02

DENIT-GL1-12 12" from Inlet 1/14/11 8:20 G 260 0.98 0.44 1.42

DFT Influent (DFT Effluent) 1/13/11 10:35 G 46 29 0.06 29.06 67

Notes

G - Grab sample

Gray - Shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit.

80% Sulfur; 20% Sodium 

Sesqui.

50% Lignocellulosic; 50% Expanded Clay

12" Gravel; 60" Expanded 

Clay

80% Sulfur; 20% Oyster Shell

10% Limestone; 30% Sulfur; 

60% Expanded Clay

50% Lignocellulosic; 50% 

Sand

80% Sulfur; 20% Oyster Shell

50% Lignocellulosic; 50% 

Expanded Clay

30% Lignocellulosic; 70% 

Expanded Clay



PNRS II TEST FACILITY 

SAMPLE EVENT NO. 5

EXPERIMENTAL DAY 304

Sample ID Media Composition Analytical Laboratory
Sample 

Date/Time

Sample 

Type

Temp 

(°C)
pH

Total 

Alkalinity 

(mg/L)

DO       

(mg/L)

ORP 

(mV)

Specific 

Conductance 

(µS)

TDS 

(mg/L)

TSS 

(mg/L)

CBOD5 

(mg/L)

COD 

(mg/L)

TN       

(mg/L N)1

TKN        

(mg/L N)

Organic N 

(mg/L N)2

NH3-N 

(mg/L N)

NO3-N 

(mg/L N)

NO2-N 

(mg/L N)

NOx 

(mg/L N)

TIN         

(mg/L N)3

TP           

(mg/L)

Ortho P 

(mg/L P)

Sulfide 

(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

STE Sample

PNRS II STE-Tank 1 Southern 3/17/11 12:15 G 21.4 7.5 400 2.8 -231.7 1,099 450 110 93 380 78.06 78 13 65 0.05 0.01 0.06 65.06 13 5.2 1.2 38

PNRS II STE-Tank 1-DUP Southern 3/17/11 12:20 G 21.4 7.5 400 2.8 -231.7 1,099 430 130 61 430 78.15 78 64 14 0.14 0.01 0.15 14.15 5.4

PNRS II STE-Tank 1-DUP2 Pace 3/17/11 12:20 G 21.4 7.5 387 2.8 -231.7 1,099 456 60.0 88.8 372 71.4 71.3 13.8 57.5 0.050 0.050 0.1 57.6 8.2 5.7 3.1 28.5

Stage 1 Single Pass Biofilters  Effluent

UNSAT-EC1 15" Expanded Clay Southern 3/17/11 11:30 G 9.6 7.1 160 6.6 25.7 1,048 720 2 2 22 60.91 3.9 3.865 0.035 57 0.01 57.01 57.045 1.0 67

UNSAT-EC3 30" Expanded Clay Southern 3/17/11 11:25 G 10.8 7.1 210 6.1 22.2 1,059 740 2 2 16 52.31 3.3 3.289 0.011 49 0.01 49.01 49.021 1.5

UNSAT-CL1 15" Clinoptilolite Southern 3/17/11 11:20 G 5.8 7.4 190 6.2 10.7 1,193 850 2 2 22 78.21 5.2 5.179 0.021 73 0.01 73.01 73.031 1.8 61

UNSAT-CL3 30" Clinoptilolite Southern 3/17/11 11:15 G 10.6 7.5 230 7.5 8.2 1,130 850 2 2 18 66.11 3.1 3.067 0.033 63 0.01 63.01 63.043 3.0

Stage 2 Single Pass  Upflow Biofilters Effluent

DENIT-SU4 10% Limestone; 30% Sulfur; 60% Expanded Clay Southern 3/17/11 9:30 G 14.7 7.4 210 0.1 -231.6 1,311 1,100 1 2 32 1.33 1.3 1.1 0.2 0.02 0.01 0.03 0.23 1.3 1.0 0.29 510

DENIT-SU4-DUP 10% Limestone; 30% Sulfur; 60% Expanded Clay 3/17/11 9:35 G 14.7 7.4 220 0.1 -231.6 1,311 1,100 2 2 32 1.22 1.2 0.98 0.22 0.01 0.01 0.02 0.24 1.3

DENIT-LS3 50% New Lignocellulosic; 50% Sand Southern 3/17/11 9:25 G 17.3 7.4 410 0.8 -294.6 1,027 720 2 120 320 1.67 1.6 0.86 0.74 0.06 0.01 0.07 0.81 2.6

DENIT-SU3 80% Sulfur; 20% Oyster Shell Southern 3/17/11 9:20 G 13.1 7.6 230 0.1 -285.2 1,552 1,200 6 2 39 3.02 3.0 1.5 1.5 0.01 0.01 0.02 1.52 2.3 650

DENIT-LS2 25% New Lignocellulosic; 75% Expanded Clay Southern 3/17/11 9:10 G 14.3 8.0 350 3.4 -99.1 1,077 710 4 2 39 18.5 4.0 2.2 1.8 12 2.5 14.5 16.3 2.8

DENIT-LS2-DUP 25% New Lignocellulosic; 75% Expanded Clay Southern 3/17/11 9:15 G 14.3 8.0 350 3.4 -99.1 1,077 740 6 2 41 19.5 4.0 2.3 1.7 13 2.5 15.5 17.2 2.4

DENIT-LS4 30% New Lignocellulosic; 70% Expanded Clay Southern 3/17/11 9:00 G 16.2 7.7 250 0.6 -195.5 835 450 10 2 90 14.03 14 0 14 0.02 0.01 0.03 14.03 2.2

DENIT-LS4-DUP 30% New Lignocellulosic; 70% Expanded Clay Southern 3/17/11 9:05 G 16.2 7.7 260 0.6 -195.5 835 420 10 2 76 15.03 15 1 14 0.02 0.01 0.03 14.03 2.1

Recirculation Tanks Effluent

RC1 Southern 3/17/11 12:05 G 17.0 7.4 180 0.2 -69.7 894 530 1 2 32 36.4 14 2 12 21 1.4 22.4 34.4 3.2

RC2 Southern 3/17/11 12:00 G 18.2 7.4 180 0.2 -67.3 904 550 2 2 34 37.2 13 1 12 23 1.2 24.2 36.2 3.4

RC3 Southern 3/17/11 11:55 G 17.6 7.5 230 1.5 -47.2 925 510 8 8 51 34 16 0 16 13 5.0 18 34 6.6

RC4 Southern 3/17/11 11:50 G 16.9 7.8 290 0.1 -68.6 901 460 2 3 47 25.84 24 11 13 0.14 1.7 1.84 14.84 6.1

RC5 Southern 3/17/11 11:40 G 16.5 7.4 230 0.5 -52.7 888 440 8 2 57 32.6 24 1 23 5.2 3.4 8.6 31.6 5.7

Stage 1 Recirculating Biofilters Effluent

UNSAT-CL4 30" Clinoptilolite Southern 3/17/11 10:00 G 12.2 8.2 110 7.4 -98.2 860 600 1 2 16 35.71 2.7 2.694 0.006 33 0.01 33.01 33.016 4.9

UNSAT-CL2 15" Clinoptilolite Southern 3/17/11 10:05 G 11.7 7.2 150 2.9 -48.3 900 620 1 2 22 38.95 2.8 2.794 0.006 36 0.15 36.15 36.156 2.3

UNSAT-EC4 30" Expanded Clay Southern 3/17/11 10:10 G 14.9 7.0 110 8.1 -20.2 869 590 1 2 18 39.51 2.5 2.479 0.021 37 0.01 37.01 37.031 1.8

UNSAT-SA2 30" Sand Southern 3/17/11 10:25 G 14.1 7.0 140 6.1 -26.5 859 560 1 2 18 35.01 3.0 2.95 0.050 32 0.01 32.01 32.06 2.1

UNSAT-PS1 30" Polystyrene Southern 3/17/11 11:45 G 15.1 7.3 130 0.6 -49.9 845 490 2 2 51 30.7 16 1 15 13 1.7 14.7 29.7 2.2

Pump 15 Tank (DENIT-LS4 Influent) Southern 3/17/11 11:00 G 18.6 7.2 190 1.0 -3.5 834 480 1 4 45 37.98 24 2 22 13 0.98 13.98 35.98 3.8

Denite Feed Tank (Tank 3)

DFT Southern 3/17/11 11:05 G 18.8 7.2 140 7.5 5.6 891 610 1 2 22 41.31 3.3 3.235 0.065 38 0.01 38.01 38.075 9.10 1.9 1.4 0.53 65

Stage 2 Horizontal Biofilters Effluent

DENIT-SU1 80% Sulfur; 20% Oyster Shell Southern 3/17/11 8:16 G 7.2 7.0 250 0.1 -281.9 1,254 890 2 2 45 2.16 2.1 0.4 1.7 0.05 0.01 0.06 1.76 2.9 380

DENIT-SU2 10% Limestone; 30% Sulfur; 60% Expanded Clay Southern 3/17/11 8:20 G 5.3 7.0 190 0.5 -268.4 1,296 940 2 2 47 0.91 0.89 0.52 0.37 0.01 0.01 0.02 0.39 2.0 7.8 3.7 400

DENIT-LS1 50% New Lignocellulosic; 50% Expanded Clay Southern 3/17/11 8:30 G 4.6 7.4 320 0.1 -271.5 886 630 20 150 320 1.82 1.8 1.19 0.61 0.01 0.01 0.02 0.63 2.0

DENIT-GL1 12" Gravel; 60" Expanded Clay Southern 3/17/11 8:40 G 3.9 7.0 340 0.1 -259.0 927 540 1 2 36 4.92 4.9 0.8 4.1 0.01 0.01 0.02 4.12 3.0

In-situ Simulator Biofilters Effluent

UNSAT-IS1 (receives STE) 4" Coarse Sand; 8" Fine Sand; 12" Mix (60% EC, 40% New Ligno); 4" Sulfur Southern 3/17/11 12:45 G 10.7 7.3 400 NR NR 999 660 2 120 240 8.96 8.9 0.2 8.7 0.05 0.01 0.06 8.76 5.2 20

UNSAT-IS2-SP (receives STE) Above 4" Sulfur layer Southern 3/18/11 13:55 G 25.8 6.6 69 0.5 -57.9 970 510 2 13 63 46.9 3.9 3.33 0.57 43 43.57 5.2 58

UNSAT-IS2 (receives STE) 4" EC>1.53mm; 8" EC As-Is; 12" Mix (60% EC, 40% New Ligno); 4" Sulfur Southern 3/17/11 12:40 G 11.8 7.4 190 NR NR 977 670 10 3 82 12.62 4.3 3.93 0.37 0.72 7.6 8.32 8.69 0.68 210

UNSAT-IS2-DUP (receives STE) 4" EC>1.53mm; 8" EC As-Is; 12" Mix (60% EC, 40% New Ligno); 4" Sulfur Pace 3/17/11 12:45 G 11.8 7.4 204 NR NR 977 682 6.0 3.9 12.13 3.2 2.82 0.38 0.83 8.1 8.93 9.31 2.5 1.5 1.0 185

UNSAT-IS3-SP (receives STE) Above 4" Sulfur layer Southern 3/17/11 12:35 G 6.2 7.6 500 NR NR 1269 910 2 2 120 9.23 3.2 3 0.20 5.8 0.23 6.03 6.23 3.5 98

UNSAT-IS3 (receives STE) 4" CL 8X14; 8" CL 16X50; 12" Mix (60% EC, 40% New Ligno); 4" Sulfur Southern 3/15/11 7:50 G 13.4 7.74 380 NR -79.6 1481 990 1 3 96 2.52 2.5 0.8 1.70 0.01 0.01 0.02 1.72 2.3 200

UNSAT-IS4-SP (receives NO3) Above 4" Sulfur layer Southern 3/17/11 12:30 G 14.9 7.4 430 NR NR 1087 800 20 10 80 9.51 3.5 3.2 0.30 6.0 0.01 6.01 6.31 0.46 120

UNSAT-IS4 (receives NO3) 4" Coarse Sand; 8" Fine Sand; 12" Mix (60% EC, 40% New Ligno); 4" Sulfur Southern 3/15/11 7:45 G 12.2 6.99 460 NR 19.1 1346 870 44 10 88 10.6 4.8 4.762 0.038 4.6 1.2 5.8 5.838 0.018 170

Field Blank Reagent Water Southern 3/17/11 10:30 17.3 7.9 2.0 9.3 -39.8 55 20 1 2 10 0.09 0.07 0.026 0.044 0.01 0.01 0.02 0.064 0.010

Equipment Blank Reagent Water - Cleaned STE Bottle #1 Southern 3/17/11 10:45 17.9 7.6 2.0 9.1 -26 52 16 1 2 10 0.07 0.05 0.034 0.016 0.01 0.01 0.02 0.036 0.010

DUP - Duplicate Sample

Blue-shaded data points indicate matrix spike was outside typical range. All other QC criteria were acceptable.

D.O. - Dissolved oxygen

G - Grab sample

Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.

Orange - shaded data points indicate too many colonies were present.  The numberic value represents the dilution factor times the maximum reportable number of colonies.

Purple-shaded data points indicate results based upon colony counts outside the method indicated ideal range.

Notes:
1
Total Nitrogen (TN) is a calculated value equal to the sum of TKN and NOX.

2Organic Nitrogen (ON) is a calculated value equal to the difference of TKN and NH3.
3Total Inorganic Nitrogen (TIN) is a calculated value equal to the sum of NH3 and NOX.

EC: expanded clay, CL: clinoptilolite, PS: polystyrene, SU: elemental sulfur, LS: lignocellulosic, GL: glycerol, OS: oyster shell, NS: sodium sesquicarbonate, GR: gravel



PNRS II TEST FACILITY 

PROFILES

EXPERIMENTAL DAY 305

Sample ID
Sample Location within 

Biofilter
Media Composition Sample Date/Time Sample Type COD (mg/L)

NO3-N (mg/L 

N)

NO2-N 

(mg/L N)

NOx (mg/L 

N)

SO4            

(mg/L)

Stage 2 Single Pass  Upflow Biofilters Effluent

DENIT-SU4 - Effluent 24" from Inlet (Bottom) 3/17/11 9:30 G 32 0.02 0.01 0.03 510

DENIT-SU4-18 18" from Inlet (Bottom) 3/18/11 13:15 G 55 0.01 0.01 0.02 490

DENIT-SU4-12 12" from Inlet (Bottom) 3/18/11 13:05 G 47 0.02 0.01 0.03 500

DENIT-SU4-7 7" from Inlet (Bottom) 3/18/11 12:50 G 34 0.01 0.01 0.02 490

DENIT-SU4-3 3" from Inlet (Bottom) 3/18/11 12:40 G 39 0.14 0.01 0.15 490

UNSAT-EC1 Influent (EC1 Effluent) 3/17/11 11:30 G 22 57 0.01 57.01 67

DENIT-LS3 - Effluent 24" from Inlet (Bottom) 3/17/11 9:25 G 320 0.06 0.01 0.07

DENIT-LS3-18 18" from Inlet (Bottom) 3/18/11 12:25 G 200 0.02 0.01 0.03

DENIT-LS3-12 12" from Inlet (Bottom) 3/18/11 12:15 G 100 0.2 0.01 0.21

DENIT-LS3-7 7" from Inlet (Bottom) 3/18/11 12:05 G 51 14 1.2 15.2

DENIT-LS3-3 3" from Inlet (Bottom) 3/18/11 11:55 G 43 36 0.68 36.68

UNSAT-EC3 Influent (EC3 Effluent) 3/17/11 11:25 G 16 49 0.01 49.01

DENIT-SU3 - Effluent 24" from Inlet (Bottom) 3/17/11 9:20 G 39 0.01 0.01 0.02 650

DENIT-SU3-18 18" from Inlet (Bottom) 3/18/11 11:20 G 65 0.01 0.01 0.02 600

DENIT-SU3-12 12" from Inlet (Bottom) 3/18/11 11:10 G 51 0.01 0.01 0.02 550

DENIT-SU3-7 7" from Inlet (Bottom) 3/18/11 11:00 G 45 0.02 0.01 0.03 600

DENIT-SU3-3 3" from Inlet (Bottom) 3/18/11 10:50 G 28 4.9 0.01 4.91 560

UNSAT-CL1 Influent (CL1 Effluent) 3/17/11 11:20 G 22 73 0.01 73.01 61

DENIT-LS2 - Effluent 24" from Inlet (Bottom) 3/17/11 9:10 G 39 12 2.5 14.5

DENIT-LS2-18 18" from Inlet (Bottom) 3/18/11 10:25 G 43 14 2.6 16.6

DENIT-LS2-12 12" from Inlet (Bottom) 3/18/11 10:20 G 55 38 1.3 39.3

DENIT-LS2-7 7" from Inlet (Bottom) 3/18/11 10:10 G 130 50 0.82 50.82

DENIT-LS2-3 3" from Inlet (Bottom) 3/18/11 10:00 G 94 54 0.42 54.42

UNSAT-CL3 Influent (CL3 Effluent) 3/17/11 11:15 G 18 63 0.01 63.01

DENIT-LS4 - Effluent 24" from Inlet (Bottom) 3/17/11 9:00 G 90 0.02 0.01 0.03

DENIT-LS4-18 18" from Inlet (Bottom) 3/18/11 9:25 G 140 0.01 0.01 0.02

DENIT-LS4-12 12" from Inlet (Bottom) 3/18/11 9:15 G 92 0.01 0.01 0.02

DENIT-LS4-7 7" from Inlet (Bottom) 3/18/11 9:05 G 120 0.01 0.01 0.02

DENIT-LS4-3 3" from Inlet (Bottom) 3/18/11 8:45 G 57 0.41 0.21 0.62

UNSAT-P15-T Influent (PS1 Effluent) 3/17/11 11:00 G 45 13 0.98 13.98

Stage 2 Horizontal Biofilters Effluent

DENIT-SU1-Effluent 72" from Inlet 3/17/11 8:16 G 45 0.05 0.01 0.06 380

DENIT-SU1-60 60" from Inlet 3/18/11 12:30 G 72 0.02 0.01 0.03 350

DENIT-SU1-48 48" from Inlet 3/18/11 11:30 G 45 0.02 0.01 0.03 360

DENIT-SU1-36 36" from Inlet 3/18/11 10:30 G 51 0.02 0.01 0.03 340

DENIT-SU1-24 24" from Inlet 3/18/11 9:30 G 30 1.2 0.01 1.21 320

DENIT-SU1-12 12" from Inlet 3/18/11 8:30 G 24 6.8 0.56 7.36 280

DFT Influent (DFT Effluent) 3/17/11 11:05 G 22 38 0.01 38.01 65

DENIT-SU2-Effluent 72" from Inlet 3/17/11 8:20 G 47 0.01 0.01 0.02 400

DENIT-SU2-60 60" from Inlet 3/18/11 12:30 G 65 0.02 0.01 0.03 380

DENIT-SU2-48 48" from Inlet 3/18/11 11:30 G 57 0.03 0.01 0.04 360

DENIT-SU2-36 36" from Inlet 3/18/11 10:30 G 47 0.01 0.01 0.02 370

DENIT-SU2-24 24" from Inlet 3/18/11 9:30 G 32 0.03 0.01 0.04 340

DENIT-SU2-12 12" from Inlet 3/18/11 8:30 G 24 9.3 0.01 9.31 260

DFT Influent (DFT Effluent) 3/17/11 11:05 G 22 38 0.01 38.01 65

DENIT-LS1-Effluent Effluent 3/17/11 8:30 G 320 0.01 0.01 0.02

DENIT-LS1-72 72" from Inlet 3/18/11 14:30 G NR 0.01 0.01 0.02

DENIT-LS1-60 60" from Inlet 3/18/11 12:30 G 280 0.03 0.01 0.04

DENIT-LS1-48 48" from Inlet 3/18/11 11:30 G 240 0.09 0.01 0.1

DENIT-LS1-36 36" from Inlet 3/18/11 10:30 G 120 0.02 0.01 0.03

DENIT-LS1-24 24" from Inlet 3/18/11 9:30 G 39 15 0.96 15.96

DENIT-LS1-12 12" from Inlet 3/18/11 8:30 G 18 33 0.26 33.26

DFT Influent (DFT Effluent) 3/17/11 11:05 G 22 38 0.01 38.01 65

DENIT-GL1-Effluent 72" from Inlet 3/17/11 8:40 G 36 0.01 0.01 0.02

DENIT-GL1-60 60" from Inlet 3/18/11 12:30 G 69 0.01 0.01 0.02

DENIT-GL1-48 48" from Inlet 3/18/11 11:30 G 65 0.01 0.01 0.02

DENIT-GL1-36 36" from Inlet 3/18/11 10:30 G 59 0.03 0.01 0.04

DENIT-GL1-24 24" from Inlet 3/18/11 9:30 G 76 0.01 0.01 0.02

DENIT-GL1-12 12" from Inlet 3/18/11 8:30 G 240 0.03 0.01 0.04

DFT Influent (DFT Effluent) 3/17/11 11:05 G 22 38 0.01 38.01 65

Notes

G - Grab sample

Gray - Shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit.

80% Sulfur; 20% Sodium 

Sesqui.

50% Lignocellulosic; 50% Expanded Clay

12" Gravel; 60" Expanded 

Clay

80% Sulfur; 20% Oyster 

Shell

10% Limestone; 30% Sulfur; 

60% Expanded Clay

50% Lignocellulosic; 50% 

Sand

80% Sulfur; 20% Oyster 

Shell

50% Lignocellulosic; 50% 

Expanded Clay

30% Lignocellulosic; 70% 

Expanded Clay



PNRS II TEST FACILITY 

SAMPLE EVENT NO. 6

EXPERIMENTAL DAY 367

Sample ID Media Composition Analytical Laboratory
Sample 

Date/Time

Sample 

Type

Temp 

(°C)
pH

Total 

Alkalinity 

(mg/L)

DO       

(mg/L)

ORP 

(mV)

Specific 

Conductance 

(µS)

TSS 

(mg/L)

CBOD5 

(mg/L)

TN       

(mg/L N)1

TKN        

(mg/L N)

Organic N 

(mg/L N)2

NH3-N 

(mg/L N)

NO3-N 

(mg/L N)

NO2-N 

(mg/L N)

NOx 

(mg/L N)

TIN         

(mg/L N)3

TP           

(mg/L)

Sulfide 

(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

Fecal            

(Ct/100 

mL)

STE Sample

PNRS II STE-Tank 1 Southern 5/19/11 12:15 G 25.1 7.6 380 2 -243.5 960 467 47 40.04 40 8.00 32 0.03 0.01 0.04 32.04 9.1 1.7 24 9400

PNRS II STE-Tank 1-DUP Southern 5/19/11 12:15 G 25.1 7.6 400 2 -243.5 960 473 59 41.04 41 8.00 33 0.03 0.01 0.04 33.04 9900

PNRS II STE-Tank 1-DUP2 Pace 5/19/11 12:15 G 25.1 7.6 347 2 -243.5 960 256 44.8 56.74 56.5 3.70 52.8 0.12 0.12 0.24 53.04 5.4 1.8 32.9

Stage 1 Single Pass Biofilters  Effluent

UNSAT-EC1 15" Expanded Clay Southern 5/19/11 10:00 G 23.5 7.2 170 6.3 50.3 900 1 2 24.01 2 2.00 0.005 22 0.01 22.01 22.02 61 20

UNSAT-EC3 30" Expanded Clay Southern 5/19/11 10:00 G 23.5 7.1 190 5.7 42.7 940 2 2 24.01 2 2.00 0.005 22 0.01 22.01 22.02 1

UNSAT-CL1 15" Clinoptilolite Southern 5/19/11 10:00 G 23.5 7.4 160 6.9 35.2 980 1 2 25.71 2.7 2.70 0.005 23 0.01 23.01 23.02 61 20

UNSAT-CL3 30" Clinoptilolite Southern 5/19/11 10:00 G 22.9 7.5 260 7.6 32.3 1120 1 2 26.71 3.7 3.70 0.005 23 0.01 23.01 23.02 1

UNSAT-CL5 30" Clinoptilolite Southern 5/19/11 10:00 G 23.5 7.9 280 6.9 18.4 1130 1 2 24.51 2.5 2.50 0.005 22 0.01 22.01 22.02 24

Stage 2 Single Pass  Upflow Biofilters Effluent

DENIT-SU4 10% Limestone; 30% Sulfur; 60% Expanded Clay Southern 5/19/11 9:00 G 21.1 7.4 0.1 -239.9 1220 2 2 1.72 1.6 0.83 0.77 0.11 0.01 0.12 0.89 0.21 0.05 420 1

DENIT-LS3 50% New Lignocellulosic; 50% Sand Southern 5/19/11 9:00 G 21.1 7.7 300 4.2 -72.5 940 1 2 19.76 3 1.60 1.4 16 0.76 16.76 18.16 1

DENIT-LS3-DUP 50% New Lignocellulosic; 50% Sand Southern 5/19/11 9:00 G 21.1 7.7 300 4.2 -72.5 940 4 2 20.04 3.3 0.40 2.9 16 0.74 16.74 19.64 1

DENIT-SU3 80% Sulfur; 20% Oyster Shell Southern 5/19/11 9:00 G 20.8 7.4 200 0.1 -248.9 1380 1 7 3.01 2.9 0.20 2.7 0.1 0.01 0.11 2.81 520 1

DENIT-SU3-DUP 80% Sulfur; 20% Oyster Shell Southern 5/19/11 9:00 G 20.8 7.4 200 0.1 -248.9 1380 1 3 2.03 2 0.60 1.4 0.02 0.01 0.03 1.43 1

DENIT-LS2 25% New Lignocellulosic; 75% Expanded Clay Southern 5/19/11 9:00 G 20.2 7.9 240 3.1 -54.9 1100 2 2 26.26 3.5 3.45 0.05 22 0.76 22.76 22.81 1

DENIT-LS2-DUP 25% New Lignocellulosic; 75% Expanded Clay Southern 5/19/11 9:00 G 20.1 7.9 340 3.1 -54.9 1100 1 2 26.02 3.3 3.26 0.044 22 0.72 22.72 22.76 1

DENIT-LS4 30% New Lignocellulosic; 70% Expanded Clay Southern 5/19/11 9:00 G 19.9 8.1 380 0.6 -106.5 1080 5 7 1.52 1.5 1.50 0.005 0.01 0.01 0.02 0.03 1

Recirculation Tanks Effluent

RC1 Southern 5/19/11 11:30 G 23.4 7.5 200 0.1 26.4 750 3 2 21.88 8.7 0.70 8 13 0.18 13.18 21.18 460

RC2 Southern 5/19/11 11:00 G 21.2 7.5 170 0.7 -7 770 5 2 27.34 10 4.60 5.4 17 0.34 17.34 22.74 370

RC3 Southern 5/19/11 10:30 G 21.9 7.4 190 0.1 3 780 7 4 33.13 16 7.20 8.8 17 0.13 17.13 25.93 560

RC4 Southern 5/19/11 10:45 G 21.7 7.5 270 0.1 -4.6 800 5 8 28.06 21 9.00 12 6.2 0.86 7.06 19.06 8600

Stage 1 Recirculating Biofilters Effluent

UNSAT-CL4 30" Clinoptilolite Southern 5/19/11 9:50 G 22.2 7.4 210 7.6 7.8 750 3 2 26.01 12 12.00 0.005 14 0.01 14.01 14.02 18

UNSAT-CL2 15" Clinoptilolite Southern 5/19/11 9:50 G 22.8 7.3 130 6.8 22.2 740 6 2 25.21 3.2 3.19 0.008 22 0.01 22.01 22.02 20

UNSAT-EC4 30" Expanded Clay Southern 5/19/11 10:05 G 22.7 7.3 130 7.9 30.6 710 7 2 22.61 2.6 2.60 0.005 20 0.01 20.01 20.02 1

UNSAT-SA2 30" Sand Southern 5/19/11 9:50 G 22.5 7.1 140 4.5 27.4 760 7 2 21.11 2.1 2.04 0.062 19 0.01 19.01 19.07 21

Denite Feed Tank (Tank 3)

DFT Southern 5/19/11 12:00 G 21.2 7.5 170 7.5 35.1 770 3 2 20.21 3.2 3.20 0.005 17 0.01 17.01 17.02 11 60 11

DFT-DUP Pace 5/19/11 12:05 G 21.2 7.5 167 7.5 35.1 770 5 2 22.38 0.55 0.53 0.02 21.8 0.025 21.825 21.85 4.9 1 68

Stage 2 Horizontal Biofilters Effluent

DENIT-SU1 80% Sulfur; 20% Oyster Shell Southern 5/19/11 8:00 G 16.9 7.2 200 0.1 -323.1 1000 3 2 2.96 2.9 1.60 1.3 0.05 0.01 0.06 1.36 270 1

DENIT-SU2 10% Limestone; 30% Sulfur; 60% Expanded Clay Southern 5/19/11 8:00 G 16.7 7.1 260 0.1 -309.9 1010 3 24 3.53 3.5 1.90 1.6 0.02 0.01 0.03 1.63 17 7.4 260 1

DENIT-LS1 50% New Lignocellulosic; 50% Expanded Clay Southern 5/19/11 8:00 G 16.1 7.3 220 0.1 -301.8 700 6 29 27.03 27 27.00 0.005 0.02 0.01 0.03 0.04 1

DENIT-GL1 12" Gravel; 60" Expanded Clay Southern 5/19/11 8:00 G 16.4 6.8 400 0.1 -267.3 850 2 15 1.94 1.9 0.20 1.7 0.03 0.01 0.04 1.74 1000

In-situ Simulator Biofilters Effluent

UNSAT-IS1 (receives STE) 4" Coarse Sand; 8" Fine Sand; 12" Mix (60% EC, 40% New Ligno); 4" Sulfur Southern 5/19/11 11:25 G 24.1 7.3 240 2.4 -51.7 810 8 4 4.60 3.3 2.93 0.37 0.48 0.82 1.3 1.67 200 1

UNSAT-IS2 (receives STE) 4" EC>1.53mm; 8" EC As-Is; 12" Mix (60% EC, 40% New Ligno); 4" Sulfur Southern 5/19/11 11:25 G 24.4 7.3 320 4.7 -23.1 850 7 19 42.04 42 12.00 30 0.03 0.01 0.04 30.04 54 19

UNSAT-IS3-SP (receives STE) Above 4" Sulfur layer Southern 5/19/11 8:45 G 18.2 7.1 410 -100.3 1000 4 3 15.22 2.8 2.35 0.45 12 0.42 12.42 12.87 88 1

UNSAT-IS3 (receives STE) 4" CL 8X14; 8" CL 16X50; 12" Mix (60% EC, 40% New Ligno); 4" Sulfur Southern 5/17/11 9:10 G 12 7.38 390 97.5 1395 8 6 3.63 3.6 2.00 1.6 0.02 0.01 0.03 1.63 300 9

UNSAT-IS4-SP (receives UNSAT-CL3 NO3) Above 4" Sulfur layer Southern 5/19/11 8:45 G 17.5 7 220 -150.1 1140 4 2 23.10 2.6 2.37 0.23 20 0.5 20.5 20.73 100 1

UNSAT-IS4 (receives UNSAT-CL3 NO3) 4" Coarse Sand; 8" Fine Sand; 12" Mix (60% EC, 40% New Ligno); 4" Sulfur Southern 5/17/11 9:15 G 14.3 7.13 530 76.1 1379 34 38 2.43 2.4 2.32 0.076 0.02 0.01 0.03 0.11 190 1

Field Blank Reagent Water Southern 5/19/11 9:45 19.9 7 11 7.4 -54.2 5 1 2 0.07 0.05 0.04 0.008 0.01 0.01 0.02 0.03 1

Equipment Blank Reagent Water - Cleaned STE Bottle #1 Southern 5/19/11 9:45 19.4 7.5 11 8.2 -14.4 5 1 2 0.07 0.05 0.05 0.005 0.01 0.01 0.02 0.03

DUP - Duplicate Sample

Blue-shaded data points indicate matrix spike was outside typical range. All other QC criteria were acceptable.

Notes:
1
Total Nitrogen (TN) is a calculated value equal to the sum of TKN and NOX.

2Organic Nitrogen (ON) is a calculated value equal to the difference of TKN and NH3.
3Total Inorganic Nitrogen (TIN) is a calculated value equal to the sum of NH3 and NOX.

EC: expanded clay, CL: clinoptilolite, PS: polystyrene, SU: elemental sulfur, LS: lignocellulosic, GL: glycerol, OS: oyster shell, NS: sodium sesquicarbonate, GR: gravel

D.O. - Dissolved oxygen

G - Grab sample

Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.

Orange - shaded data points indicate too many colonies were present.  The numberic value represents the dilution factor times the maximum reportable number of colonies.

Purple-shaded data points indicate results based upon colony counts outside the method indicated ideal range.



PNRS II TEST FACILITY 

SAMPLE EVENT NO. 7

EXPERIMENTAL DAY 402

Sample ID Media Composition Analytical Laboratory
Sample 

Date/Time

Sample 

Type

Temp 

(°C)
pH

Total 

Alkalinity 

(mg/L)

DO       

(mg/L)

ORP 

(mV)

Specific 

Conductance 

(µS)

TSS 

(mg/L)

CBOD5 

(mg/L)
COD

TN       

(mg/L N)1

TKN        

(mg/L N)

Organic N 

(mg/L N)2

NH3-N 

(mg/L N)

NOx 

(mg/L N)

TIN         

(mg/L N)3

Sulfide 

(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

STE Sample

PNRS II STE-Tank 1 Southern 6/23/11 9:45 G 27.7 6.8 210 1.1 -257.9 850 29 75 180 36.01 36 5 31 0.01 31.01 39

PNRS II STE-Tank 1-DUP Southern 6/23/11 9:45 G 27.7 6.8 210 1.1 -257.9 850 31 93 180 33.01 33 3 30 0.01 30.01 34

Stage 1 Single Pass Biofilters  Effluent

UNSAT-EC3 30" Expanded Clay Southern 6/23/11 10:00 G 29 7.2 5.7 -15.3 820 21.5 4.5 4.02 0.48 17 17.48

UNSAT-CL3 30" Clinoptilolite Southern 6/23/11 10:00 G 28.3 7.5 6.9 -56 1020 29.2 4.2 4.139 0.061 25 25.061

UNSAT-CL5 30" Clinoptilolite Southern 6/23/11 10:00 G 28.3 7.6 6.6 -115.6 1000 5.8 3.3 2.85 0.45 2.5 2.95

Stage 2 Single Pass  Upflow Biofilters Effluent 0

DENIT-LS3 50% New Lignocellulosic;

50% Sand

Southern

6/23/11 8:45

G

28.2 7.5 1.8 39.2 800 3.6 1.9 1.44 0.46 1.7 2.16

DENIT-LS2 25% New Lignocellulosic;

75% Expanded Clay

Southern

6/23/11 8:45

G

27.2 7.7 4 -32 1010 7.1 1.7 1.676 0.024 5.4 5.424

DENIT-LS4 30% New Lignocellulosic;

70% Expanded Clay

Southern

6/23/11 8:45

G

27.6 7.7 2.3 -27.2 920 2 1.4 1.29 0.11 0.6 0.71

Denite Feed Tank (Tank 3)

DFT Southern 6/23/11 9:15 G 27.2 7.4 6.6 67.5 720 11.7 3 2.988 0.012 8.7 8.712 0.1 0.01 59

Stage 2 Horizontal Biofilters Effluent

DENIT-LS1-REV 50% New Lignocellulosic;

50% Expanded Clay

Southern 6/23/11 8:00 G 25.1 6.8 0.1 -249 850 1.11 1.1 0.91 0.19 0.01 0.2

Field Blank Reagent Water Southern 6/23/11 9:25 29.5 8.2 7.6 48.6 5 0.06 0.05 0.04 0.01 0.01 0.02

Equipment Blank Reagent Water - Cleaned STE

Bottle #1

Southern

6/23/11 9:30 29.4 8.1 7.6 42.8 5 0.06 0.05 0.029 0.021 0.01 0.031

DUP - Duplicate Sample

Blue-shaded data points indicate matrix spike was outside typical range. All other QC criteria were acceptable.

D.O. - Dissolved oxygen

G - Grab sample

Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.

Orange - shaded data points indicate too many colonies were present.  The numberic value represents the dilution factor times the maximum reportable number of colonies.

Purple-shaded data points indicate results based upon colony counts outside the method indicated ideal range.

EC: expanded clay, CL: clinoptilolite, PS: polystyrene, SU: elemental sulfur, LS: lignocellulosic, GL: glycerol, OS: oyster shell, NS: sodium sesquicarbonate, GR: gravel

Notes:
1Total Nitrogen (TN) is a calculated value equal to the sum of TKN and NOX.
2Organic Nitrogen (ON) is a calculated value equal to the difference of TKN and NH3.
3Total Inorganic Nitrogen (TIN) is a calculated value equal to the sum of NH3 and NOX.



PNRS II TEST FACILITY 

SAMPLE EVENT NO. 8

EXPERIMENTAL DAY 486

Sample ID Media Composition Analytical Laboratory
Sample 

Date/Time

Sample 

Type

Temp 

(°C)
pH

Total 

Alkalinity 

(mg/L)

DO       

(mg/L)

ORP 

(mV)

Specific 

Conductance 

(µS)

TSS 

(mg/L)

CBOD5 

(mg/L)
COD

TN       

(mg/L N)1

TKN        

(mg/L N)

Organic N 

(mg/L N)2

NH3-N 

(mg/L N)

NOx 

(mg/L N)

TIN         

(mg/L N)3

Sulfide 

(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

In-situ Simulator Biofilters Effluent

UNSAT-IS1 (receives STE) 4" Coarse Sand; 8" Fine Sand; 12"

Mix (60% EC, 40% New Ligno); 4" 

Southern 6/28/11 12:45 G 28.9 6.82 0.46 -158.5 1057 37.01 37 1 36 0.01 36.01 49

UNSAT-IS1-D (receives STE) 4" Coarse Sand; 8" Fine Sand; 12"

Mix (60% EC, 40% New Ligno); 4" 

Southern 6/28/11 12:50 G 28.9 6.82 0.46 -158.5 1057 35.01 35 0 35 0.01 35.01 50

UNSAT-IS2-SP (receives STE) Above 4" Sulfur layer Southern 6/28/11 13:20 G 28.6 6.37 0.97 -65.7 612 7.7 2 1.47 0.53 5.7 6.23 54

UNSAT-IS2 (receives STE) 4" EC>1.53mm; 8" EC As-Is; 12" Mix

(60% EC, 40% New Ligno); 4" Sulfur

Southern 6/28/11 12:45 G 28.3 7.01 2.62 -208.8 996 3.59 3.5 0.9 2.6 0.09 2.69 160

UNSAT-IS3-SP (receives STE) Above 4" Sulfur layer Southern 6/28/11 12:40 G 28.1 6.45 3.33 -38 951 7.2 4.1 3.9 0.2 3.1 3.3 76

UNSAT-IS3 (receives STE) 4" CL 8X14; 8" CL 16X50; 12" Mix

(60% EC, 40% New Ligno); 4" Sulfur

Southern 6/27/11 8:00 G 26.5 6.71 1.76 1168 1.72 1.6 1.49 0.11 0.12 0.23 160

UNSAT-IS4-SP (receives UNSAT-CL3 NO3) Above 4" Sulfur layer Southern 6/28/11 12:40 G 28.1 6.46 2.08 -109.5 1091 12.1 3.4 3.33 0.07 8.7 8.77 75

UNSAT-IS4 (receives UNSAT-CL3 NO3) 4" Coarse Sand; 8" Fine Sand; 12"

Mix (60% EC, 40% New Ligno); 4" 

Southern 6/27/11 0:00 G 25.4 6.59 0.35 1373 1.76 1.5 1.17 0.33 0.26 0.59 110

DUP - Duplicate Sample

Blue-shaded data points indicate matrix spike was outside typical range. All other QC criteria were acceptable.

Notes:
1Total Nitrogen (TN) is a calculated value equal to the sum of TKN and NOX.
2Organic Nitrogen (ON) is a calculated value equal to the difference of TKN and NH3.
3Total Inorganic Nitrogen (TIN) is a calculated value equal to the sum of NH3 and NOX.

EC: expanded clay, CL: clinoptilolite, PS: polystyrene, SU: elemental sulfur, LS: lignocellulosic, GL: glycerol, OS: oyster shell, NS: sodium sesquicarbonate, GR: gravel

D.O. - Dissolved oxygen

G - Grab sample

Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.

Orange - shaded data points indicate too many colonies were present.  The numberic value represents the dilution factor times the maximum reportable number of colonies.

Purple-shaded data points indicate results based upon colony counts outside the method indicated ideal range.



PNRS II TEST FACILITY 

SAMPLE EVENT NO. 9

EXPERIMENTAL DAY 486

Sample ID Media Composition Analytical Laboratory
Sample 

Date/Time

Sample 

Type

Temp 

(°C)
pH

Total 

Alkalinity 

(mg/L)

DO       

(mg/L)

ORP 

(mV)

Specific 

Conductance 

(µS)

TDS 

(mg/L)

TSS 

(mg/L)

CBOD5 

(mg/L)
COD

TN       

(mg/L N)1

TKN        

(mg/L N)

Organic N 

(mg/L N)2

NH3-N 

(mg/L N)

NO3-N 

(mg/L N)

NO2-N 

(mg/L N)

NOx 

(mg/L N)

TIN         

(mg/L N)3

Sulfide 

(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

Fecal            

(Ct/100 

mL)

STE Sample

PNRS II STE-Tank 1 Southern 9/15/11 11:50 G 28.4 7.4 240 4 262.2 820 15 35 97 26.02 26 4 22 0.01 0.01 0.02 22.02 5.6 1.6 31 8400

PNRS II STE-Tank 1-DUP Southern 9/15/11 11:55 G 28.4 7.4 250 4 262.2 820 20 30 93 25.02 25 2 23 0.01 0.01 0.02 23.02 5.5 1.5 32 8900

PNRS II STE-Tank 1-D2 Pace 9/15/11 11:50 G 28.4 7.4 258 4 262.2 820 327 7 37.4 132 27.55 27.5 1.8 25.7 0.025 0.025 0.05 25.75 1.3 34.5

Stage 1 Single Pass Biofilters  Effluent

UNSAT-EC1 15" Expanded Clay Southern 9/15/11 11:45 G 28.8 7 140 3.9 57.6 810 2 2 10 25.9 3.8 3.26 0.54 22 0.1 22.1 22.64 0.1 0.01 55 690

UNSAT-EC3 30" Expanded Clay Southern 9/15/11 11:40 G 28.7 7.1 160 5.6 25.3 826 1 2 10 23.91 1.9 1.88 0.023 22 0.01 22.01 22.033 3

UNSAT-CL1 15" Clinoptilolite Southern 9/15/11 11:35 G 28.7 7.4 130 6.6 42.9 825 2 2 10 26.01 2 1.98 0.016 24 0.01 24.01 24.026 0.1 0.01 53 40

UNSAT-CL3 30" Clinoptilolite Southern 9/15/11 11:30 G 28.2 7.3 190 6.4 24.8 903 3 2 10 25.51 1.5 1.48 0.02 24 0.01 24.01 24.03 120

UNSAT-CL5 30" Clinoptilolite Southern 9/15/11 11:20 G 28.8 7.5 140 6.7 14.3 817 2 2 10 26.51 1.5 1.48 0.018 25 0.01 25.01 25.028 410

Stage 2 Single Pass  Upflow Biofilters Effluent

DENIT-SU4 10% Limestone; 30% Sulfur; 60% Expanded Clay Southern 9/15/11 10:00 G 26.8 7.2 140 0.1 -355.8 1004 3 8 10 3.13 2.9 1.40 1.5 0.22 0.01 0.23 1.73 1.4 0.49 260 740

DENIT-LS3 50% New Lignocellulosic; 50% Sand Southern 9/15/11 9:50 G 27.2 7.4 220 2.3 -159.6 739 4 2 10 10.91 1.3 1.27 0.033 9.1 0.51 9.61 9.643 3

DENIT-LS3-DUP 50% New Lignocellulosic; 50% Sand Southern 9/15/11 9:55 G 27.2 7.4 210 2.3 -159.6 739 3 2 10 9.96 1.3 1.27 0.03 8.2 0.46 8.66 8.69 2

DENIT-SU3 80% Sulfur; 20% Oyster Shell Southern 9/15/11 9:40 G 27 7.4 150 0.1 -354.9 1126 2 6 10 1.53 1.3 0.75 0.55 0.22 0.01 0.23 0.78 0.98 0.26 320 30

DENIT-SU3-DUP 80% Sulfur; 20% Oyster Shell Southern 9/15/11 9:45 G 27 7.4 140 0.1 -354.9 1126 6 6 10 1.75 1.5 0.99 0.51 0.24 0.01 0.25 0.76 0.78 0.21 330 20

DENIT-LS2 25% New Lignocellulosic; 75% Expanded Clay Southern 9/15/11 9:35 G 26.8 7.5 220 3.1 19.1 862 2 2 10 22.37 1.9 1.86 0.039 20 0.47 20.47 20.509 4

DENIT-LS4 30% New Lignocellulosic; 70% Expanded Clay Southern 9/15/11 9:25 G 26.3 7.7 200 3.3 21.5 809 1 2 10 17.99 1.6 1.58 0.023 16 0.39 16.39 16.413 16

DENIT-LS4-DUP 30% New Lignocellulosic; 70% Expanded Clay Southern 9/15/11 9:30 G 26.3 7.7 200 3.3 21.5 809 1 2 10 17.91 1.4 1.38 0.021 16 0.51 16.51 16.531 14

Recirculation Tanks Effluent

RC1 Southern 9/15/11 10:05 G 26.8 7.3 150 0.3 -119.8 706 3 4 15 16.51 2.5 1.2 1.3 14 0.01 14.01 15.31 4300

RC2 Southern 9/15/11 10:10 G 26.3 7.2 140 0.7 -123.4 696 1 4 10 17.31 5.3 2.3 3 12 0.01 12.01 15.01 4600

RC3 Southern 9/15/11 10:15 G 25.8 7.3 140 0.1 -128.6 713 1 5 10 16.45 3.1 0.1 3 13 0.35 13.35 16.35 3600

RC4 Southern 9/15/11 10:20 G 26.6 7.4 180 0.1 -129.3 750 1 4 10 12.41 2.8 0.2 2.6 9.6 0.01 9.61 12.21 4900

Stage 1 Recirculating Biofilters Effluent

UNSAT-CL4 30" Clinoptilolite Southern 9/15/11 8:55 G 26.3 7.4 170 7.2 28.7 767 5 2 10 15.61 1.6 1.56 0.037 14 0.01 14.01 14.047 5

UNSAT-CL2 15" Clinoptilolite Southern 9/15/11 9:10 G 26.1 7.2 120 6.2 29.9 697 10 2 18 18.51 1.5 1.48 0.023 17 0.01 17.01 17.033 760

UNSAT-EC4 30" Expanded Clay Southern 9/15/11 9:20 G 26 7 110 7.1 51.7 693 1 2 10 18.51 1.5 1.48 0.021 17 0.01 17.01 17.031 50

UNSAT-SA2 30" Sand Southern 9/15/11 9:00 G 26 7 130 6.7 8 687 1 2 10 19.61 1.6 1.58 0.017 18 0.01 18.01 18.027 70

Denite Feed Tank (Tank 3)

DFT Southern 9/15/11 8:20 G 25.8 7.4 130 6.8 6.2 711 1 2 10 17.71 1.7 1.68 0.016 16 0.01 16.01 16.026 0.1 0.01 58 66

DFT-DUP Southern 9/15/11 8:25 G 25.8 7.4 120 6.8 6.2 711 2 2 10 17.81 1.8 1.77 0.034 16 0.01 16.01 16.044 0.2 0.06 58 71

Stage 2 Horizontal Biofilters Effluent

DENIT-SU1 80% Sulfur; 20% Oyster Shell Southern 9/15/11 7:45 G 22 7 170 0.2 -365.9 1009 1 41 89 2.65 2.4 1.20 1.2 0.24 0.01 0.25 1.45 30 14 200 9

DENIT-SU2 10% Limestone; 30% Sulfur; 60% Expanded Clay Southern 9/15/11 7:50 G 22.5 7 170 0.1 -343.5 961 1 27 40 8.24 8 5.80 2.2 0.23 0.01 0.24 2.44 24 11 210 10

DENIT-LS1 50% New Lignocellulosic; 50% Expanded Clay Southern 9/15/11 7:55 G 22.2 7.2 210 0.3 -284.3 644 2 9 24 0.62 0.38 0.36 0.02 0.23 0.01 0.24 0.26 1

DENIT-GL1 12" Gravel; 60" Expanded Clay Southern 9/15/11 8:00 G 22.5 6.6 330 0.1 -283.5 794 5 13 20 0.94 0.7 0.43 0.27 0.23 0.01 0.24 0.51 140

In-situ Simulator Biofilters Effluent

UNSAT-IS1 (receives STE) 4" Coarse Sand; 8" Fine Sand; 12" Mix (60% EC, 40% New Ligno); 4" Sulfur Southern 9/16/11 12:05 G 13.4 6.8 280 9.5 -158.3 831 3 6 44 21.24 21 13.00 8 0.23 0.01 0.24 8.24 1.2 0.7 53 42

UNSAT-IS1-DUP (receives STE) 4" Coarse Sand; 8" Fine Sand; 12" Mix (60% EC, 40% New Ligno); 4" Sulfur Pace G 13.4 6.8 273 9.54 -158.3 831 6.4 53.7 10.55 10.5 1.10 9.4 0.025 0.025 0.05 9.45 1.1 89.2

UNSAT-IS2-AS (receives STE) 9/16/11 11:55 G 29.3 6.3 130 1.4 -130.9 667 4 7 71 1.82 1.8 1.52 0.28 0.01 0.01 0.02 0.3 1.8 1.5 72 1

UNSAT-IS2 (receives STE) 4" EC>1.53mm; 8" EC As-Is; 12" Mix (60% EC, 40% New Ligno); 4" Sulfur Southern 9/16/11 12:10 G 10.1 7 240 7.7 -59.6 865 4 9 130 2.04 1.8 1.41 0.39 0.23 0.01 0.24 0.63 1.8 0.86 120 1

UNSAT-IS3-AS (receives STE) Above 4" Sulfur layer Southern 9/16/11 16:00 G 59 2 7 44 21.4 3.4 3.34 0.061 18 18.061 0.1 0.01 75 1

UNSAT-IS3 (receives STE) 4" CL 8X14; 8" CL 16X50; 12" Mix (60% EC, 40% New Ligno); 4" Sulfur Southern 9/16/11 12:10 G 22.9 7.49 180 8.23 -13.9 923 8 3 48 2.71 1.7 1.21 0.49 0.68 0.33 1.01 1.5 0.1 0.01 200 1

UNSAT-IS4-AS (receives UNSAT-CL3 NO3) Above 4" Sulfur layer Southern 9/16/11 11:55 G 270 2 5 61 3.3 2.1 1.24 0.86 1.2 2.06 0.1 0.01 63 1

UNSAT-IS4 (receives UNSAT-CL3 NO3) 4" Coarse Sand; 8" Fine Sand; 12" Mix (60% EC, 40% New Ligno); 4" Sulfur Southern 9/16/11 12:10 G 22.4 6.75 400 2.11 -222.7 1136 6 2 69 2.04 1.8 1.21 0.59 0.23 0.01 0.24 0.83 0.1 0.01 110 1

Field Blank Reagent Water Southern 9/15/11 11:10 26 8.2 9.9 7.9 11.2 36 1 2 10 0.07 0.05 0.05 0.005 0.01 0.01 0.02 0.025 1

Equipment Blank Reagent Water - Cleaned STE Bottle #1 Southern 9/15/11 11:00 25.9 7.8 9.9 7.9 7.7 32 1 2 10 0.07 0.05 0.05 0.005 0.01 0.01 0.02 0.025 1

DUP - Duplicate Sample

Blue-shaded data points indicate matrix spike was outside typical range. All other QC criteria were acceptable.

D.O. - Dissolved oxygen

G - Grab sample

Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.

Orange - shaded data points indicate too many colonies were present.  The numberic value represents the dilution factor times the maximum reportable number of colonies.

Purple-shaded data points indicate results based upon colony counts outside the method indicated ideal range.

EC: expanded clay, CL: clinoptilolite, PS: polystyrene, SU: elemental sulfur, LS: lignocellulosic, GL: glycerol, OS: oyster shell, NS: sodium sesquicarbonate, GR: gravel

Notes:
1Total Nitrogen (TN) is a calculated value equal to the sum of TKN and NOX.
2Organic Nitrogen (ON) is a calculated value equal to the difference of TKN and NH3.
3Total Inorganic Nitrogen (TIN) is a calculated value equal to the sum of NH3 and NOX.
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Sample ID
Distance from 

Inlet, inches
Media Composition Sample Date/Time Sample Type

Water 

Temperature
pH

Specific 

conductance

Dissolved 

Oxygen

COD 

(mg/L)

NO3-N 

(mg/L N)

NO2-N 

(mg/L N)

NOx (mg/L 

N)

SO4            

(mg/L)

DENIT-SU4 - Effluent 24 9/15/11 10:00 G 26.8 7.2 1004 0.1 10 0.22 0.01 0.23 260

DENIT-SU4-18 18 9/16/11 11:15 G 27.5 6.7 1008 1.2 46 0.22 0.01 0.23 220

DENIT-SU4-12 12 9/16/11 11:10 G 27.3 6.4 897 1.4 32 0.01 0.01 0.02 240

DENIT-SU4-7 7 9/16/11 11:05 G 27.1 6.4 860 1 34 0.24 0.01 0.25 230

DENIT-SU4-3 3 9/16/11 11:00 G 27 6.3 854 1.3 38 0.23 0.01 0.24 220

UNSAT-EC1 0 9/15/11 11:45 G 28.8 7 810 3.9 10 22 0.1 22.1 55

DENIT-LS3 - Effluent 24 9/15/11 9:50 G 27.2 7.4 739 2.3 10 9.1 0.51 9.61

DENIT-LS3-18 18 9/16/11 10:55 G 26.8 6.9 737 0.8 26 0.57 0.26 0.83

DENIT-LS3-12 12 9/16/11 10:50 G 27.1 6.8 772 0.8 32 2.4 0.29 2.69

DENIT-LS3-7 7 9/16/11 10:45 G 27.1 7 775 1.6 18 4.6 0.37 4.97

DENIT-LS3-3 3 9/16/11 10:40 G 26.9 6.8 804 1.1 20 20 0.33 20.33

UNSAT-EC3 0 9/15/11 11:40 G 28.7 7.1 826 5.6 10 22 0.01 22.01

DENIT-SU3 - Effluent 24 9/15/11 9:40 G 27 7.4 1126 0.1 10 0.22 0.01 0.23 320

DENIT-SU3-18 18 9/16/11 10:10 G 27.2 7 1136 0.7 46 0.23 0.01 0.24 270

DENIT-SU3-12 12 9/16/11 10:05 G 26.6 6.9 1091 0.7 50 0.24 0.01 0.25 270

DENIT-SU3-7 7 9/16/11 10:00 G 26.8 6.8 1047 0.7 46 0.22 0.01 0.23 270

DENIT-SU3-3 3 9/16/11 9:55 G 26.7 6.7 1022 0.6 44 0.22 0.01 0.23 270

UNSAT-CL1 0 9/15/11 11:35 G 28.7 7.4 825 6.6 10 24 0.01 24.01 53

DENIT-LS2 - Effluent 24 9/15/11 9:35 G 26.8 7.5 862 3.1 10 20 0.47 20.47

DENIT-LS2-18 18 9/16/11 9:50 G 26.3 7.1 859 1 15 12 1.6 13.6

DENIT-LS2-12 12 9/16/11 9:45 G 26.3 7.2 892 1.1 <10 19 0.7 19.7

DENIT-LS2-7 7 9/16/11 9:40 G 26.3 7.2 860 1.3 <10 22 0.45 22.45

DENIT-LS2-3 3 9/16/11 9:35 G 26.3 7.2 887 1.8 13 25 0.3 25.3

UNSAT-CL3 0 9/15/11 11:30 G 28.2 7.3 903 6.4 10 24 0.01 24.01

DENIT-LS4 - Effluent 24 9/15/11 9:25 G 26.3 7.7 809 3.3 10 16 0.39 16.39

DENIT-LS4-18 18 9/16/11 8:55 G 26.9 7.3 740 2 15 1.1 0.52 1.62

DENIT-LS4-12 12 9/16/11 8:50 G 26.8 7.3 770 1.4 18 5.7 1.4 7.1

DENIT-LS4-7 7 9/16/11 8:45 G 26.7 7.3 802 1.8 38 12 1.9 13.9

DENIT-LS4-3 3 9/16/11 8:40 G 26 7.2 822 1.6 13 26 0.54 26.54

UNSAT-CL5 0 9/15/11 11:20 G 28.8 7.5 817 6.7 10 25 0.01 25.01

DENIT-SU1-Effluent 72 9/15/11 7:45 G 22 7 1009 0.2 89 0.24 0.01 0.25 200

DENIT-SU1-72 72 9/16/11 7:20 G 24.8 6.9 910 1.2 46 0.44 0.01 0.45 180

DENIT-SU1-60 60 9/16/11 10:20 G 26.2 6.9 930 1.4 46 0.28 0.01 0.29 180

DENIT-SU1-48 48 9/16/11 11:20 G 28.2 6.9 961 0.6 50 0.24 0.01 0.25 190

DENIT-SU1-36 36 9/16/11 12:20 G 29.7 6.8 1022 1 53 0.23 0.01 0.24 190

DENIT-SU1-24 24 9/16/11 13:20 G 30.5 6.8 1012 1 57 0.23 0.01 0.24 200

DENIT-SU1-12 12 9/16/11 14:20 G 33.1 6.9 758 1.3 18 11 0.01 11.01 86

DFT 0 9/15/11 8:20 G 25.8 7.4 711 6.8 10 16 0.01 16.01 58

DENIT-SU2-Effluent 72 9/15/11 7:50 G 22.5 7 961 0.1 40 0.23 0.01 0.24 210

DENIT-SU2-72 72 9/16/11 9:20 G 23.4 6.8 948 1.3 59 0.23 0.01 0.24 210

DENIT-SU2-60 60 9/16/11 10:20 G 25.9 6.6 932 0.9 50 0.22 0.01 0.23 210

DENIT-SU2-48 48 9/16/11 11:20 G 27 6.7 922 1.4 40 0.22 0.01 0.23 190

DENIT-SU2-36 36 9/16/11 12:20 G 29.4 6.6 948 0.6 46 0.22 0.01 0.23 210

DENIT-SU2-24 24 9/16/11 13:20 G 30.6 6.6 886 1 34 0.32 0.01 0.33 200

DENIT-SU2-12 12 9/16/11 14:20 G 32.7 6.6 789 1.4 22 8.4 0.01 8.41 120

DFT 0 9/15/11 8:20 G 25.8 7.4 711 6.8 10 16 0.01 16.01 58

DENIT-LS1-Effluent 72 9/15/11 7:55 G 22.2 7.2 644 0.3 24 0.23 0.01 0.24

DENIT-LS1-72 72 9/16/11 9:20 G 23.2 7 645 0.9 24 0.29 0.01 0.3

DENIT-LS1-60 60 9/16/11 10:20 G 25.6 7 658 1.6 13 2.4 0.27 2.67

DENIT-LS1-48 48 9/16/11 11:20 G 27.5 7 704 1.9 <10 6.5 0.46 6.96

DENIT-LS1-36 36 9/16/11 12:20 G 29.5 7 775 0.5 <10 9.5 0.64 10.14

DENIT-LS1-24 24 9/16/11 13:20 G 30.9 6.9 730 1 <10 12 0.69 12.69

DENIT-LS1-12 12 9/16/11 14:20 G 32.1 6.9 723 1.1 30 14 0.39 14.39

DFT 0 9/15/11 8:20 G 25.8 7.4 711 6.8 10 16 0.01 16.01

DENIT-GL1-Effluent 72 9/15/11 8:00 G 22.5 6.6 794 0.1 20 0.23 0.01 0.24

DENIT-GL1-72 72 9/16/11 9:20 G 24.7 6.4 661 1.4 50 0.26 0.01 0.27

DENIT-GL1-60 60 9/16/11 10:20 G 26.3 6.3 693 1.3 44 0.24 0.01 0.25

DENIT-GL1-48 48 9/16/11 11:20 G 27.4 6.3 726 0.8 59 0.23 0.01 0.24

DENIT-GL1-36 36 9/16/11 12:20 G 29.2 6.3 751 0.5 55 0.22 0.01 0.23

DENIT-GL1-24 24 9/16/11 13:20 G 30.6 6.3 740 0.7 61 0.22 0.01 0.23

DENIT-GL1-12 12 9/16/11 14:20 G 31.7 6.2 726 0.5 160 0.26 0.01 0.27

DFT 0 9/15/11 8:20 G 25.8 7.4 711 6.8 10 16 0.01 16.01

Stage 2 Single Pass  Upflow Biofilters Effluent

Notes

G - Grab sample

Gray - Shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit.

Stage 2 Horizontal Biofilters Effluent

80% Sulfur; 20% Sodium 

Sesqui.

50% Lignocellulosic; 50% Expanded Clay

12" Gravel; 60" Expanded 

Clay

10% Limestone; 30% Sulfur; 

60% Expanded Clay

50% Lignocellulosic; 50% 

Sand

80% Sulfur; 20% Oyster 

Shell

50% Lignocellulosic; 50% 

Expanded Clay

30% Lignocellulosic; 70% 

Expanded Clay

80% Sulfur; 20% Oyster 

Shell
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Sample ID Media Composition Analytical Laboratory
Sample 

Date/Time

Sample 

Type

Temp 

(°C)
pH

Total 

Alkalinity 

(mg/L)

DO       

(mg/L)

ORP 

(mV)

Specific 

Conductance 

(µS)

TDS 

(mg/L)

TSS 

(mg/L)

CBOD5 

(mg/L)
COD

TN       

(mg/L N)1

TKN        

(mg/L N)

Organic N 

(mg/L N)2

NH3-N 

(mg/L N)

NO3-N 

(mg/L N)

NO2-N 

(mg/L N)

NOx 

(mg/L N)

TIN         

(mg/L N)3

Sulfide 

(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

Fecal            

(Ct/100 

mL)

STE Sample

PNRS II STE-Tank 1 Southern 3/20/13 14:05 G 21.1 7.13 380 0.07 -317.1 1373 54 8 81.04 81 9 72 0.04 72.04 15 6.2 21

PNRS II STE-Tank 1-DUP Southern 3/20/13 14:10 G 21.1 7.13 370 0.07 -317.1 1373 54 10 81.02 81 6 75 0.02 75.02 17 7 20

Stage 1 Single Pass Biofilters  Effluent

UNSAT-EC1 15" Expanded Clay Southern 3/20/13 12:00 G 21.3 7.19 260 0.45 21.5 1300 5 2 77 55 5.00 50 22 72 0.1 0.04 61

UNSAT-EC3 30" Expanded Clay Southern 3/20/13 12:05 G 20.6 7.03 180 0.32 65.4 1358 2 2 96 33 5.00 28 63 91

UNSAT-CL1 15" Clinoptilolite Southern 3/20/13 11:28 G 21.5 7.01 180 0.43 70.5 1437 6 3 89 11 1.00 10 78 88 0.1 0.05 65

UNSAT-CL3 30" Clinoptilolite Southern 3/20/13 12:05 G 21.8 6.92 190 6.13 69.7 1340 4 2 73.1 3.1 3.09 0.01 70 70.01

UNSAT-CL5 30" Clinoptilolite Southern 3/20/13 12:00 G 21.1 6.52 160 3.96 79.1 1348 5 2 77.5 3.5 3.47 0.026 74 74.026

Stage 2 Single Pass  Upflow Biofilters Effluent

DENIT-SU4 10% Limestone; 30% Sulfur; 60% Expanded Clay Southern 3/20/13 11:05 G 20.1 7.18 230 0.1 -329.4 1427 3 4 53.97 53 3.00 50 0.97 50.97 1.1 0.32 140

DENIT-LS3 50% New Lignocellulosic; 50% Sand Southern 3/20/13 11:10 G 20.2 7.18 190 1.81 -188.1 1406 5 2 76 31 7.00 24 45 69

DENIT-LS3-DUP 50% New Lignocellulosic; 50% Sand Southern 3/20/13 11:15 G 20.2 7.18 190 1.81 -188.1 1406 5 2 74 26 3.00 23 48 71

DENIT-SU3 80% Sulfur; 20% Oyster Shell Southern 3/20/13 11:20 G 20.4 6.99 210 0.09 -330 1567 1 2 14.7 12 1.00 11 2.7 13.7 0.7 0.34 330

DENIT-LS2 25% New Lignocellulosic; 75% Expanded Clay Southern 3/20/13 11:05 G 20.1 7.18 210 3.06 148.2 227 1 2 50.1 3.1 3.01 0.095 47 47.095

DENIT-LS4 30% New Lignocellulosic; 70% Expanded Clay Southern 3/20/13 11:05 G 19.9 6.87 200 2.67 148.1 1416 2 2 46.2 3.2 3.19 0.014 43 43.014

DENIT-LS4-DUP 30% New Lignocellulosic; 70% Expanded Clay Southern 3/20/13 11:06 G 19.9 6.87 200 2.67 148.1 1416 2 2 47.9 2.9 2.88 0.024 45 45.024

Recirculation Tanks Effluent

RC1 Southern 3/20/13 9:30 G 19.9 6.66 70 2.15 166.4 1337 5 4 74.3 9.3 2 7.3 65 72.3

RC2 Southern 3/20/13 9:30 G 19.8 6.6 70 2.17 -123.4 1354 3 3 79.9 7.9 0.7 7.2 72 79.2

RC3 Southern 3/20/13 9:30 G 20 6.5 30 1.48 185.9 1273 9 4 78.1 8.1 0.3 7.8 70 77.8

RC4 Southern 3/20/13 9:30 G 19.9 6.48 30 2.08 178.7 1457 6 5 96.8 9.8 1.5 8.3 87 95.3

Stage 1 Recirculating Biofilters Effluent

UNSAT-CL4 30" Clinoptilolite Southern 3/20/13 8:45 G 20.2 5.98 20 6.08 253.5 1267 7 4 134.8 4.8 3.85 0.95 130 130.95 -66%

UNSAT-CL2 15" Clinoptilolite Southern 3/20/13 8:47 G 20.6 5.4 10 3.16 271.5 1300 6 2 80.2 3.2 3.01 0.19 77 77.19 1%

UNSAT-EC4 30" Expanded Clay Southern 3/20/13 8:50 G 20 6.28 30 6.58 198.5 1351 4 2 75.5 3.5 3.47 0.031 72 72.031 7%

UNSAT-SA2 30" Sand Southern 3/20/13 8:45 G 19.8 6.3 40 5.81 196.2 1334 4 2 80.6 4.6 4.59 0.009 76 76.009 1%

Denite Feed Tank (Tank 3)

DFT Southern 3/20/13 10:05 G 20.5 6.37 30 6.69 189.2 1381 5 2 86.2 3.2 3.16 0.039 83 83.039 0.1 0.01 71

Stage 2 Horizontal Biofilters Effluent

DENIT-SU1 80% Sulfur; 20% Oyster Shell Southern 3/20/13 12:55 G 20.3 7.03 150 0.13 -312 1802 8 11 4.12 4 0.70 3.3 0.12 3.42 9 4.1 520

DENIT-SU2 10% Limestone; 30% Sulfur; 60% Expanded Clay Southern 3/20/13 13:00 G 19.9 6.91 110 0.09 -285.9 1745 1 5 2.13 2.1 0.70 1.4 0.03 1.43 7 3.6 540

DENIT-LS1 50% New Lignocellulosic; 50% Expanded Clay Southern 3/20/13 12:55 G 20.2 6.68 100 1.31 -161.2 1342 6 2 65.3 3.3 3.26 0.043 62 62.043

In-situ Simulator Biofilters Effluent

UNSAT-IS1 (receives STE) 4" Coarse Sand; 8" Fine Sand; 12" Mix (60% EC, 40% New Ligno); 4" Sulfur Southern 3/20/13 13:10 G 16.8 7.38 200 7.89 39.1 1422 6 8 42.5 33 1.00 32 9.5 41.5 0.1 0.01 220

UNSAT-IS1-DUP (receives STE) 4" Coarse Sand; 8" Fine Sand; 12" Mix (60% EC, 40% New Ligno); 4" Sulfur Pace G 13.4 6.8 273 9.54 -158.3 831 6.4 0 -9.40 9.4 0 9.4 1.1 89.2

UNSAT-IS2-AS (receives STE) 3/20/13 13:35 G 20.9 3.93 2 1.96 -4.1 1357 1 2 84 11 0.00 11 73 84 0.1 0.01 75

UNSAT-IS2-AS-DUP (receives STE) 3/20/13 13:40 G 20.9 3.93 2 1.96 -4.1 1357 6 2 79 12 2.80 9.2 67 76.2 0.1 0.01 77

UNSAT-IS2 (receives STE) 4" EC>1.53mm; 8" EC As-Is; 12" Mix (60% EC, 40% New Ligno); 4" Sulfur Southern 3/20/13 13:15 G 16 7.3 80 9.11 48.2 1369 3 3 62.2 5.2 3.30 1.9 57 58.9 0.1 0.01 120

Field Blank Reagent Water Southern 3/20/13 14:20 G 21.1 7.18 2 8.62 1.16 1 2 0.07 0.05 0.04 0.009 0.02 0.029

Equipment Blank Reagent Water - Cleaned STE Bottle #1 Southern 3/20/13 14:25 G 21.4 7.36 2 8.48 2.25 1 2 0.06 0.05 0.04 0.009 0.01 0.019

DUP - Duplicate Sample

Blue-shaded data points indicate matrix spike was outside typical range. All other QC criteria were acceptable.

Notes:
1Total Nitrogen (TN) is a calculated value equal to the sum of TKN and NOX.
2Organic Nitrogen (ON) is a calculated value equal to the difference of TKN and NH3.
3Total Inorganic Nitrogen (TIN) is a calculated value equal to the sum of NH3 and NOX.

EC: expanded clay, CL: clinoptilolite, PS: polystyrene, SU: elemental sulfur, LS: lignocellulosic, GL: glycerol, OS: oyster shell, NS: sodium sesquicarbonate, GR: gravel

D.O. - Dissolved oxygen

G - Grab sample

Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.

Orange - shaded data points indicate too many colonies were present.  The numberic value represents the dilution factor times the maximum reportable number of colonies.

Purple-shaded data points indicate results based upon colony counts outside the method indicated ideal range.
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Sample ID
Distance from 

Inlet, inches
Media Composition Sample Date/Time Sample Type

Water 

Temperature
pH

Specific 

conductance

Dissolved 

Oxygen

NOx (mg/L 

N)

SO4            

(mg/L)

DENIT-SU4 - Effluent 24 3/20/13/ 12:00 G 21.1 6.52 1348 3.96 74

DENIT-SU4-18 18 3/21/13 12:40 G 17.8 6.82 1282 1.26 0.01 120

DENIT-SU4-12 12 3/21/13 12:45 G 18.3 6.73 1220 1.31 0.23 120

DENIT-SU4-7 7 3/21/13 12:50 G 18 6.75 1279 0.19 120

DENIT-SU4-3 3 3/21/12 12:55 G 18.4 6.71 1275 0.53 120

UNSAT-EC1 0 3/20/13 12:00 G 21.3 7.19 1300 0.45 22 61

DENIT-LS3 - Effluent 24 3/20/13 11:10 G 20.2 7.18 1406 1.81 45

DENIT-LS3-18 18 3/21/13 12:13 G 17.1 6.87 1213 28

DENIT-LS3-12 12 3/21/13 12:28 G 17.8 6.82 1257 30

DENIT-LS3-7 7 3/21/13 12:32 G 18.4 6.82 1190 35

DENIT-LS3-3 3 3/21/13 12:35 G 18.3 6.87 1186 36

UNSAT-EC3 0 3/20/13 12:05 G 20.6 7.03 1358 0.32 63

DENIT-SU3 - Effluent 24 3/20/13 11:20 G 20.4 6.99 1567 0.09 2.7 330

DENIT-SU3-18 18 3/21/13 11:34 G 17.8 6.84 1551 0.2 340

DENIT-SU3-12 12 3/21/13 11:55 G 15.4 6.67 1538 0.29 360

DENIT-SU3-7 7 3/21/13 12:00 G 18.1 6.5 1457 0.26 360

DENIT-SU3-3 3 3/21/13 12:06 G 18.1 6.55 1491 0.29 340

UNSAT-CL1 0 3/20/13 11:28 G 21.5 7.01 1437 0.43 78 65

DENIT-LS2 - Effluent 24 3/20/13 11:05 G 20.1 7.18 227 3.06 47

DENIT-LS2-18 18 3/21/13 11:05 G 17.5 7.13 1365 43

DENIT-LS2-12 12 3/21/13 11:07 G 17.7 7.13 1364 53

DENIT-LS2-7 7 3/21/13 11:10 G 18.1 7.13 1323 52

DENIT-LS2-3 3 3/21/13 11:30 G 16.9 7.04 1335 54

UNSAT-CL3 0 3/20/13 12:05 G 21.8 6.92 1340 6.13 70

DENIT-LS4 - Effluent 24 3/20/13 11:05 G 19.9 6.87 1416 2.67 43

DENIT-LS4-18 18 3/21/13 10:40 G 14.3 6.84 1373 46

DENIT-LS4-12 12 3/21/13 10:50 G 17.3 6.94 1420 52

DENIT-LS4-7 7 3/21/13 10:58 G 17.6 6.85 1392 75

DENIT-LS4-3 3 3/21/13 11:00 G 17.4 7.04 1370 65

UNSAT-CL5 0 3/20/13 12:00 G 21.1 6.52 1348 3.96 74

DENIT-SU1-Effluent 72 3/20/13 10:05 G 20.5 6.37 1381 6.69 83 71

DENIT-SU1-72 72 3/21/13 9:15 G 13.7 6.8 1704 11 520

DENIT-SU1-60 60 3/21/13 10:20 G 14.7 6.68 1728 11 540

DENIT-SU1-48 48 3/21/13 11:20 G 15.8 6.75 1705 12 510

DENIT-SU1-36 36 3/21/13 12:20 G 17.3 6.65 1582 16 500

DENIT-SU1-24 24 3/21/13 13:20 G 19.4 6.07 1543 29 400

DENIT-SU1-12 12 3/21/13 14:15 G 19.4 5.84 1327 77 89

DFT 0 3/20/13 10:05 G 20.5 6.37 1381 6.69 83 71

DENIT-SU2-Effluent 72 3/20/13 13:00 G 19.9 6.91 1745 0.09 0.03 540

DENIT-SU2-72 72 3/21/13 9:15 G 13.7 6.8 1704 33 430

DENIT-SU2-60 60 3/21/13 10:20 G 14.4 6.45 1570 20 440

DENIT-SU2-48 48 3/21/13 11:20 G 15.2 6.18 1462 47 280

DENIT-SU2-36 36 3/21/13 12:20 G 17.2 5.99 1313 59 160

DENIT-SU2-24 24 3/21/13 13:20 G 19.2 6.15 1340 73 120

DENIT-SU2-12 12 3/21/13 14:15 G 19 5.94 1310 80 110

DFT 0 3/20/13 10:05 G 20.5 6.37 1381 6.69 83 71

DENIT-LS1-Effluent 72 3/20/13 12:55 G 20.2 6.68 1342 1.31 62

DENIT-LS1-72 72 3/21/13 8:15 G 11.6 6.49 1335 67

DENIT-LS1-60 60 3/21/13 9:15 G 14 6.98 1341 89

DENIT-LS1-48 48 3/21/13 10:15 G 14.1 6.7 1352 88

DENIT-LS1-36 36 3/21/13 11:15 G 16.6 6.56 1336 63

DENIT-LS1-24 24 3/21/13 12:15 G 16.6 6.44 1341 75

DENIT-LS1-12 12 3/21/13 13:15 G 17.9 5.92 1310 110

DFT 0 3/20/13 10:05 G 20.5 6.37 1381 6.69 83

30% Lignocellulosic; 70% 

Expanded Clay

Stage 2 Single Pass  Upflow Biofilters Effluent

10% Limestone; 30% Sulfur; 

60% Expanded Clay

50% Lignocellulosic; 50% 

Sand

80% Sulfur; 20% Oyster 

Shell

50% Lignocellulosic; 50% 

Expanded Clay

G - Grab sample

Gray - Shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit.

Stage 2 Horizontal Biofilters Effluent

80% Sulfur; 20% Oyster 

Shell

80% Sulfur; 20% Sodium 

Sesqui.

50% Lignocellulosic; 50% Expanded Clay

Notes



PNRS II TEST FACILITY 

PNRS II STE

Sample 

Date/Time

Sample 

Type

Temp 

(°C)
pH

Total 

Alkalinity

DO       

(mg/L)
ORP

Specific 

Cond (µS)
TDS TSS CBOD5 COD TN       TKN        Org- N NH3-N 

NO3-N 

(mg/L N)

NO2-N 

(mg/L N)

(NO3+NO

2)-N
TIN         TP

Ortho P 

(mg/L P)

Sulfide 

(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

Fecal            

(1cfu/100 

mL)

F Cl
O-Phos-P 

(mg/L P)
B Ca Fe Mg Mn K Na

7/1/10 14:00 G 26.0 6.9 210 0.1 649 240 23 22 35.0 35 15 20 0.023 20.023

7/21/10 10:00 G 27.5 6.4 240 788 340 19 57 270 30.0 30 6 24 0.036 0.031 24.031 6.6 16 12 2.9 80 5.6 71 2.7 0.74 27 0.21 2.6 0.025 0.86 13

8/12/10 12:30 G 28.3 7.3 370 1108 400 15 94 67.1 67 5 62 0.059 62.059

8/31/10 13:35 G 27.9 7.2 370 0.1 -263.9 1092 380 70 27 210 67.1 67 8 59 0.053 59.053 7.4 800

10/5/10 9:45 G 24.9 7.0 0.0 -308.9 1127 23 84 59 77,000

11/10/10 13:50 G 25.1 7.2 430 2.4 -235.0 1250 450 70 91 240 80.0 80 13 67 0.01 67.0 15 5.4 33

1/13/11 13:15 G 13.7 7.1 380 2.7 -236.5 1220 470 83 78 230 66.0 66 9 57 0.01 0.02 0.03 57.0 14.1 16 6.9 13 8900

3/17/11 12:15 G 21.4 7.5 400 2.8 -231.7 1099 450 110 93 380 78.1 78 13 65 0.01 0.05 0.06 65.1 13 5.4 5.2 1.2 38

5/19/11 12:15 G 25.1 7.6 380 2.0 -243.5 960 467 47 40.0 40 8 32 0.01 0.03 0.04 32.0 5.4 9.1 1.7 24 9400

6/23/11 9:45 G 27.7 6.8 210 1.1 -257.9 850 29 75 180 36.0 36 5 31 0.01 31.0 39

n 10 10 9 8 7 10 7 10 10 6 9 10 9 9 4 3 9 9 5 1 5 5 6 5 1 1 1 1 1 1 1 1 1 1

MEAN 24.8 7.1 332.2 1.4 -253.9 1014.3 390.0 90.9 66.8 251.7 55.5 55.8 9.1 46.3 0.0 0.0 0.0 46.4 9.3 5.4 12.3 5.4 25.0 3334.6 5.6 71.0 2.7 0.7 27.0 0.2 2.6 0.0 0.9 13.0

STD. DEV. 4.4 1.0 86.6 1.2 27.1 196.4 80.4 136.1 27.0 69.7 19.9 18.8 3.7 19.1 0.0 0.0 0.0 19.1 4.0 4.9 4.4 14.6 33.0

MIN 13.7 6.4 210.0 0.0 -308.9 649.0 240.0 15.0 22.0 180.0 30.0 30.0 5.0 20.0 0.0 0.0 0.0 20.0 5.4 5.4 5.2 1.2 2.9 80.0 5.6 71.0 2.7 0.7 27.0 0.2 2.6 0.0 0.9 13.0

MAX 28.3 7.6 430.0 2.8 -231.7 1250.0 470.0 467.0 94.0 380.0 80.0 80.0 15.0 67.0 0.0 0.1 0.1 67.0 14.1 5.4 16.0 12.0 39.0 77000.0 5.6 71.0 2.7 0.7 27.0 0.2 2.6 0.0 0.9 13.0

1 Fecal coliform and pH values are reported as geometric mean.
2 Fecal coliform and pH values are reported as geometric standard deviation.

Data in red font indicates a value taken from a duplicate or split sample of the same date where the original sample was not analyzed for that parameter. 

NOTES:

All results in milligrams per liter (mg/L) except where indicated

Statistics

Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.

Orange - shaded data points indicate too many colonies were present.  The numberic value represents the dilution factor times the maximum reportable number of colonies.

Blue-shaded data points indicate the number is greater than reported value.



PNRS II TEST FACILITY 

UNSAT-EC1

Sample Date/Time Sample Type Temp (°C) pH
Total 

Alkalinity
D.O. ORP

Specific Cond 

(µS)
TDS TSS CBOD5 COD TN       TKN        Organic N NH3-N 

NO3-N 

(mg/L N)

NO2-N 

(mg/L N)

(NO3+NO

2)-N
TIN         TP

Ortho P 

(mg/L P)

Sulfide 

(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

Fecal            

(1cfu/100 

mL)

7/1/10 13:45 G 27.2 7.3 110 7.1 617 350 1 2 21.2 2.2 2.19 0.01 19 19.01 0.17 0.06 46

8/31/10 12:40 G 28.6 7.0 130 6.8 137.5 1055 670 1 2 13 46.3 4.3 4.29 0.01 42 42.01 3.9 0.1 0.05 51 1

11/10/10 16:00 G 20.6 6.9 180 7.1 108.0 1150 770 1 2 10 66.8 4.8 3.5 1.3 62 63.3 1 0.01 61

1/13/11 12:05 G 7.8 6.7 160 7.9 36.5 1110 730 1 2 16 49.11 4 2.3 1.7 45 0.11 45.11 46.81 61 3900

3/17/11 11:30 G 9.6 7.1 160 6.6 25.7 1048 720 2 2 22 60.91 3.9 3.865 0.035 57 0.01 57.01 57.045 1 67

5/19/11 10:00 G 23.5 7.2 170 6.3 50.3 900 1 2 24.01 2 1.995 0.005 22 0.01 22.01 22.015 61 20

9/1/11 10:00 G 26.6 6.9 4.7 19.9 771 26.2 3.2 3.0 0.2 23.0 23.2 54.0

9/15/11 11:45 G 28.8 7.0 140 3.9 57.6 810 2 2 10 25.9 3.8 3.26 0.54 22 0.1 22.1 22.64 0.1 0.01 55 690

3/20/13 12:00 G 21.3 7.2 260 0.5 21.5 1300 5 2 77 55 5.00 50 22 72 0.1 0.04 61

n 6 6 6 6 5 6 5 6 6 4 6 6 6 6 3 3 6 6 1 1 3 3.00 6 3

MEAN1 19.6 7.0 151.7 7.0 71.6 980.0 648.0 1.2 2.0 15.3 44.7 3.5 3.0 0.51 41.3 0.0 41.2 41.7 3.9 1.0 0.4 0.0 57.8 42.7

STD. DEV.2 8.9 1.0 26.4 0.5 48.6 197.1 170.4 0.4 0.0 5.1 18.7 1.2 1.0 0.78 17.8 0.1 17.7 18.1 0.5 0.0 7.8 65.8

MIN 7.8 6.7 110.0 6.3 25.7 617.0 350.0 1.0 2.0 10.0 21.2 2.0 2.0 0.01 22.0 0.0 19.0 19.0 3.9 1.0 0.1 0.0 46.0 1.0

MAX 28.6 7.3 180.0 7.9 137.5 1150.0 770.0 2.0 2.0 22.0 66.8 4.8 4.3 1.70 57.0 0.1 62.0 63.3 3.9 1.0 1.0 0.1 67.0 3900.0

NOTES:

All results in milligrams per liter (mg/L) except where indicated
1 Fecal coliform and pH values are reported as geometric mean.
2 Fecal coliform and pH values are reported as geometric standard deviation.

Blue-shaded data points indicate the number is greater than reported value.

Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.

Orange - shaded data points indicate too many colonies were present.  The numberic value represents the dilution factor times the maximum reportable number of colonies.

Operating Period 1

Operating Period 2

Operating Period 3

Statistics for Operating Period 1



PNRS II TEST FACILITY

UNSAT-EC3

Sample Date/Time Sample Type
Temp 

(°C)
pH

Total 

Alkalinity
D.O. ORP

Specific Cond 

(µS)
TDS TSS CBOD5 COD TN       TKN        Organic N NH3-N 

NO3-N 

(mg/L N)

NO2-N 

(mg/L N)

(NO3+NO

2)-N
TIN         TP

Ortho P 

(mg/L P)

SO4 

(mg/L)

Fecal            

(1cfu/100 

mL)

7/1/10 13:40 G 27.6 7.3 84 6.9 712 410 2 2 21.2 2.2 2.19 0.01 19 19.01

8/31/10 12:50 G 29.2 7.0 150 6.7 117.0 1133 740 1 2 16 45.3 3.3 3.29 0.01 42 42.01 3.9 1

11/10/10 15:30 G 21.5 6.8 220 6.8 105.0 1250 850 1 2 10 85.9 4.9 2.5 2.4 81 83.4

1/13/11 12:05 G 6.3 6.8 210 7.9 38.7 1150 740 1 2 11 47.51 3.5 3.495 0.005 44 0.01 44.01 44.015 5.6 64.4 4

3/17/11 11:25 G 10.8 7.1 210 6.1 22.2 1059 740 2 2 16 52.31 3.3 3.289 0.011 49 0.01 49.01 49.021 1.5

5/19/11 10:00 G 23.5 7.1 190 5.7 42.7 940 2 2 24.01 2 1.995 0.005 22 0.01 22.01 22.015 1

6/23/11 10:00 G 29.0 7.2 5.7 -15.3 820 21.5 4.5 4.02 0.48 17 17.48

9/15/11 11:40 G 28.7 7.1 160 5.6 25.3 826 1 2 10 23.91 1.9 1.88 0.023 22 0.01 22.01 22.033 3

3/20/13 12:05 G 20.6 7.0 180 0.3 65.4 1358 2 2 96 33 5.00 28 63 91

n 7 7 6 7 6 7 5 6 6 4 7 7 7 7 3 3 7 7 2 1 1 3

MEAN1 21.1 7.0 177.3 6.5 51.7 1009.1 696.0 1.5 2.0 13.3 42.5 3.4 3.0 0.42 38.3 0.0 39.1 39.6 4.8 1.5 64.4 1.6

STD. DEV.2 9.1 1.0 52.1 0.8 50.4 193.4 166.8 0.5 0.0 3.2 23.3 1.1 0.7 0.89 14.4 0.0 22.6 23.3 1.2 2.2

MIN 6.3 6.8 84.0 5.7 -15.3 712.0 410.0 1.0 2.0 10.0 21.2 2.0 2.0 0.01 22.0 0.0 17.0 17.5 3.9 1.5 64.4 1.0

MAX 29.2 7.3 220.0 7.9 117.0 1250.0 850.0 2.0 2.0 16.0 85.9 4.9 4.0 2.40 49.0 0.0 81.0 83.4 5.6 1.5 64.4 4.0

NOTES:

All results in milligrams per liter (mg/L) except where indicated
1 Fecal coliform and pH values are reported as geometric mean.
2 Fecal coliform and pH values are reported as geometric standard deviation.

Blue-shaded data points indicate the number is greater than reported value.

Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.

Orange - shaded data points indicate too many colonies were present.  The numberic value represents the dilution factor times the maximum reportable number of colonies.

Operating Period 1

Operating Period 2

Operating Period 3

Statistics for Operating Period 1



PNRS II TEST FACILITY

UNSAT-CL1

Sample Date/Time Sample Type
Temp 

(°C)
pH

Total 

Alkalinity
D.O. ORP

Specific Cond 

(µS)
TDS TSS CBOD5 COD TN       TKN        Organic N NH3-N 

NO3-N 

(mg/L N)

NO2-N 

(mg/L N)

(NO3+NO

2)-N
TIN         TP

Ortho P 

(mg/L P)

Sulfide 

(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

Fecal            

(1cfu/100 

mL)

7/1/10 13:30 G 27.2 8.3 230 3.5 857 470 7 2 20.7 2.7 2.69 0.01 18 18.01 0.1 0.01 37

8/31/10 12:30 G 29.5 7.4 250 5.5 116.2 1271 750 1 2 20 40.8 2.8 2.79 0.01 38 38.01 8 0.3 0.08 48 12

11/10/10 15:40 G 22.0 7.1 230 7.3 105.5 1130 800 1 2 10 46.6 2.6 2.595 0.005 44 44.005 1 0.01 62

1/13/11 11:45 G 8.2 7.2 180 8.8 32.3 1200 710 1 2 16 33.86 2.7 2.68 0.02 31 0.16 31.16 31.18 59 100

3/17/11 11:20 G 5.8 7.4 190 6.2 10.7 1193 850 2 2 22 78.21 5.2 5.179 0.021 73 0.01 73.01 73.031 1.8 61

5/19/11 10:00 G 23.5 7.4 160 6.9 35.2 980 1 2 25.71 2.7 2.695 0.005 23 0.01 23.01 23.015 61 20

9/1/11 10:00 G 26.3 6.9 6.0 22.7 849 26 2 1.995 0.005 24 24.005 54

9/15/11 11:35 G 28.7 7.4 130 6.6 42.9 825 2 2 10 26.01 2 1.984 0.016 24 0.01 24.01 24.026 0.1 0.01 53 40

3/20/13 11:28 G 21.5 7.0 180 0.4 70.5 1437 6 3 89 11 1.00 10 78 88 0.1 0.05 65

n 6 6 6 6 5 6 5 6 6 4 6 6 6 6 3 3 6 6 1 1 3 3 6 3

MEAN1 19.4 7.5 206.7 6.4 60.0 1105.2 716.0 2.2 2.0 17.0 41.0 3.1 3.1 0.01 42.3 0.1 37.9 37.9 8.0 1.8 0.5 0.0 54.7 28.8

STD. DEV.2 10.0 1.1 35.0 1.8 47.5 156.3 147.2 2.4 0.0 5.3 20.6 1.0 1.0 0.01 26.9 0.1 19.7 19.7 0.5 0.0 10.1 3.0

MIN 5.8 7.1 160.0 3.5 10.7 857.0 470.0 1.0 2.0 10.0 20.7 2.6 2.6 0.01 23.0 0.0 18.0 18.0 8.0 1.8 0.1 0.0 37.0 12.0

MAX 29.5 8.3 250.0 8.8 116.2 1271.0 850.0 7.0 2.0 22.0 78.2 5.2 5.2 0.02 73.0 0.2 73.0 73.0 8.0 1.8 1.0 0.1 62.0 100.0

NOTES:

All results in milligrams per liter (mg/L) except where indicated
1 Fecal coliform and pH values are reported as geometric mean.
2 Fecal coliform and pH values are reported as geometric standard deviation.

Blue-shaded data points indicate the number is greater than reported value.

Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.

Orange - shaded data points indicate too many colonies were present.  The numberic value represents the dilution factor times the maximum reportable number of colonies.

Operating Period 1

Operating Period 2

Statistics for Operating Period 1

Operating Period 3



PNRS II TEST FACILITY

UNSAT-CL3

Sample Date/Time Sample Type
Temp 

(°C)
pH

Total 

Alkalinity
D.O. ORP

Specific Cond 

(µS)
TDS TSS CBOD5 COD TN       TKN        Organic N NH3-N 

NO3-N 

(mg/L N)

NO2-N 

(mg/L N)

(NO3+NO

2)-N
TIN         TP

Ortho P 

(mg/L P)

Sulfide 

(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

Fecal            

(1cfu/100 

mL)

7/1/10 13:20 G 26.6 8.6 270 6.9 974 550 1 2 22.8 2.8 2.79 0.01 20 20.01

8/31/10 12:00 G 28.7 7.8 340 7.1 83.8 1388 850 1 2 20 40 4 3.99 0.01 36 36.01 6.8 3

11/10/10 15:50 G 22.0 7.4 290 7.6 100.5 1280 820 2 2 29 82.7 2.7 2.695 0.005 80 80.005

1/13/11 12:05 G 8.3 7.3 300 9.9 20.2 1300 810 1 2 13 43.77 2.7 2.684 0.016 41 0.07 41.07 41.086 110

3/17/11 11:15 G 10.6 7.5 230 7.5 8.2 1130 850 2 2 18 66.11 3.1 3.067 0.033 63 0.01 63.01 63.043 3

5/19/11 10:00 G 22.9 7.5 260 7.6 32.3 1120 1 2 26.71 3.7 3.695 0.005 23 0.01 23.01 23.015 1

6/23/11 10:00 G 28.3 7.5 6.9 -56.0 1020 29.2 4.2 4.139 0.061 25 25.061

9/15/11 11:30 G 28.2 7.3 190 6.4 24.8 903 3 2 10 25.51 1.5 1.48 0.02 24 0.01 24.01 24.03 120

3/20/13 12:05 G 21.8 6.9 190 6.1 69.7 1340 4 2 73.1 3.1 3.09 0.01 70 70.01

n 7 7 6 7 6 7 5 6 6 4 7 7 7 7 3 3 7 7 1 1 0 0 0 3

MEAN
1 21.1 7.7 281.7 7.6 31.5 1173.1 776.0 1.3 2.0 20.0 44.5 3.3 3.3 0.02 42.3 0.0 41.2 41.2 6.8 3.0 6.9

STD. DEV.
2

8.3 1.1 37.6 1.0 56.3 153.6 127.6 0.5 0.0 6.7 22.2 0.6 0.6 0.02 20.0 0.0 22.5 22.5 11.7

MIN 8.3 7.3 230.0 6.9 -56.0 974.0 550.0 1.0 2.0 13.0 22.8 2.7 2.7 0.01 23.0 0.0 20.0 20.0 6.8 3.0 1.0

MAX 28.7 8.6 340.0 9.9 100.5 1388.0 850.0 2.0 2.0 29.0 82.7 4.2 4.1 0.06 63.0 0.1 80.0 80.0 6.8 3.0 110.0

NOTES:

All results in milligrams per liter (mg/L) except where indicated
1 Fecal coliform and pH values are reported as geometric mean.
2 Fecal coliform and pH values are reported as geometric standard deviation.

Blue-shaded data points indicate the number is greater than reported value.

Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.

Orange - shaded data points indicate too many colonies were present.  The numberic value represents the dilution factor times the maximum reportable number of colonies.

Operating Period 1

Operating Period 2

Statistics for Operating Period 1

Operating Period 3



PNRS II TEST FACILITY

UNSAT-CL5

Sample Date/Time Sample Type
Temp 

(°C)
pH

Total 

Alkalinity
D.O. ORP

Specific Cond 

(µS)
TDS TSS CBOD5 COD TN       TKN        Organic N NH3-N 

NO3-N 

(mg/L N)

NO2-N 

(mg/L N)

(NO3+NO

2)-N
TIN         

Fecal            

(1cfu/100 

mL)

5/19/11 10:00 G 23.5 7.9 280 6.9 18.4 1130 1 2 24.51 2.5 2.50 0.005 22 0.01 22.01 22.015 24

6/23/11 10:00 G 28.3 7.6 6.6 -115.6 1000 5.8 3.3 2.85 0.45 2.5 2.95

9/15/11 11:20 G 28.8 7.5 140 6.7 14.3 817 2 2 10 26.51 1.5 1.48 0.018 25 0.01 25.01 25.028 410

3/20/13 12:00 G 21.1 6.5 160 4.0 79.1 1348 5 2 77.5 3.5 3.47 0.026 74 74.026

n 2 2 1 2 2 2 0 1 1 0 2 2 2 2 1 1 2 2 1

MEAN1 25.9 7.7 280.0 6.8 -48.6 1065.0 1.0 2.0 15.2 2.9 2.7 0.23 22.0 0.0 12.3 12.5 24.0

STD. DEV.2 3.4 1.0 0.2 94.8 91.9 13.2 0.6 0.3 0.31 13.8 13.5

MIN 23.5 7.6 280.0 6.6 -115.6 1000.0 1.0 2.0 5.8 2.5 2.5 0.01 22.0 0.0 2.5 3.0 24.0

MAX 28.3 7.9 280.0 6.9 18.4 1130.0 1.0 2.0 24.5 3.3 2.9 0.45 22.0 0.0 22.0 22.0 24.0

NOTES:

All results in milligrams per liter (mg/L) except where indicated
1 Fecal coliform and pH values are reported as geometric mean.
2 Fecal coliform and pH values are reported as geometric standard deviation.

Blue-shaded data points indicate the number is greater than reported value.

Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.

Orange - shaded data points indicate too many colonies were present.  The numberic value represents the dilution factor times the maximum reportable number of colonies.

Operating Period 1

Operating Period 2

Operating Period 3

Statistics for Operating Period 1



PNRS II TEST FACILITY

UNSAT-SA2

Sample Date/Time Sample Type
Temp 

(°C)
pH

Total 

Alkalinity
D.O. ORP

Specific Cond 

(µS)
TDS TSS CBOD5 COD TN       TKN        Organic N NH3-N 

NO3-N 

(mg/L N)

NO2-N 

(mg/L N)

(NO3+NO

2)-N
TIN         TP

Ortho P 

(mg/L P)

Fecal            

(1cfu/100 

mL)

7/1/10 12:25 G 26.7 6.0 110 7.0 604 330 1 2 19.2 2.2 2.2 0.01 17.0 17.0

8/31/10 11:30 G 28.2 6.9 110 6.3 89.2 953 638 1 2 13 39.3 3.3 3.3 0.01 36.0 36.0 6.3 1

11/10/10 11:10 G 22.5 6.9 120 7.7 47.5 930 610 13 2 22 41.5 3.5 2.76 0.74 38 38.74

1/13/11 10:10 G 6.2 6.8 150 9.6 -70.8 900 550 1 3 16 28.71 3 2.34 0.66 25 0.71 25.71 26.37 41

3/17/11 10:25 G 14.1 7.0 140 6.1 -26.5 859 560 1 2 18 35.01 3 2.95 0.05 32 0.01 32.01 32.06 2.1

5/19/11 9:50 22.5 7.1 140 4.5 27.4 760 7 2 21.11 2.1 2.038 0.062 19 0.01 19.01 19.072 21

9/15/11 9:00 G 26.0 7 130 6.7 8 687 1 2 10 19.61 1.6 1.583 0.017 18 0.01 18.01 18.027 70

3/20/13 8:45 G 19.8 6.3 40 5.81 196.2 1334 4 2 80.6 4.6 4.59 0.009 76 76.009

n 6 6 6 6 5 6 5 6 6 4 6 6 6 6 3 3 6 6 1 1 3

MEAN1 20.0 6.8 128.3 6.9 13.4 834.3 537.6 4.0 2.2 17.3 30.8 2.9 2.6 0.26 25.3 0.2 28.0 28.2 6.3 2.1 9.5

STD. DEV.2 8.4 1.1 17.2 1.7 62.8 131.7 121.5 5.0 0.4 3.8 9.4 0.6 0.5 0.35 6.5 0.4 8.8 8.9 7.2

MIN 6.2 6.0 110.0 4.5 -70.8 604.0 330.0 1.0 2.0 13.0 19.2 2.1 2.0 0.01 19.0 0.0 17.0 17.0 6.3 2.1 1.0

MAX 28.2 7.1 150.0 9.6 89.2 953.0 638.0 13.0 3.0 22.0 41.5 3.5 3.3 0.74 32.0 0.7 38.0 38.7 6.3 2.1 41.0

NOTES:

All results in milligrams per liter (mg/L) except where indicated
1 Fecal coliform and pH values are reported as geometric mean.
2 Fecal coliform and pH values are reported as geometric standard deviation.

Blue-shaded data points indicate the number is greater than reported value.

Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.

Orange - shaded data points indicate too many colonies were present.  The numberic value represents the dilution factor times the maximum reportable number of colonies.

Operating Period 1

Operating Period 2

Operating Period 3

Statistics for Operating Period 1



PNRS II TEST FACILITY

UNSAT-EC4

Sample Date/Time Sample Type
Temp 

(°C)
pH

Total 

Alkalinity
D.O. ORP

Specific Cond 

(µS)
TDS TSS CBOD5 COD TN       TKN        Organic N NH3-N 

NO3-N 

(mg/L N)

NO2-N 

(mg/L N)

(NO3+NO

2)-N
TIN         TP

Ortho P 

(mg/L P)

Sulfide 

(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

Fecal            

(1cfu/100 

mL)

7/1/10 11:50 G 27.4 7.3 160.0 7.2 661.0 350.0 1 2 18.9 1.9 1.9 0.01 17.0 17.0

8/31/10 11:20 G 28.5 7.0 130.0 6.9 78.8 1000.0 640.0 1 2 13 40.9 2.9 2.9 0.01 38.0 38.0 3.8 1.0

11/10/10 11:20 G 22.2 6.9 140 7.3 46.5 980 660 2 2 10 52.3 2.3 2.295 0.005 50 50.005

1/13/11 10:10 G 7.0 6.9 150.0 10.0 -88.8 960.0 600.0 1 2 16 32.9 2.4 2.4 0.038 30 0.5 30.5 30.5 21

3/17/11 10:10 G 14.9 7 110 8.1 -20.2 869 590 1 2 18 39.51 2.5 2.479 0.021 37 0.01 37.01 37.031 1.8

5/19/11 10:05 G 22.7 7.3 130 7.9 30.6 710 7 2 22.61 2.6 2.595 0.005 20 0.01 20.01 20.015 1

9/15/11 9:20 G 26 7 110 7.1 51.7 693 1 2 10 18.51 1.5 1.479 0.021 17 0.01 17.01 17.031 50

3/20/13 8:50 G 20 6.28 30 6.58 198.5 1351 4 2 75.5 3.5 3.47 0.031 72 72.031

n 6 6 6 6 5 6 5 6 6 4 6 6 6 6 3 3 6 6 1 1 0 0 0 3

MEAN1 20.5 7.1 136.7 7.9 9.4 863.3 568.0 2.2 2.0 14.3 34.5 2.4 2.4 0.01 29.0 0.2 32.1 32.1 3.8 1.8 2.8

STD. DEV.2 8.2 1.0 17.5 1.1 65.5 145.7 125.2 2.4 0.0 3.5 12.4 0.3 0.3 0.01 8.5 0.3 12.3 12.3 5.8

MIN 7.0 6.9 110.0 6.9 -88.8 661.0 350.0 1.0 2.0 10.0 18.9 1.9 1.9 0.01 20.0 0.0 17.0 17.0 3.8 1.8 1.0

MAX 28.5 7.3 160.0 10.0 78.8 1000.0 660.0 7.0 2.0 18.0 52.3 2.9 2.9 0.04 37.0 0.5 50.0 50.0 3.8 1.8 21.0

NOTES:

All results in milligrams per liter (mg/L) except where indicated
1 Fecal coliform and pH values are reported as geometric mean.
2 Fecal coliform and pH values are reported as geometric standard deviation.

Blue-shaded data points indicate the number is greater than reported value.

Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.

Orange - shaded data points indicate too many colonies were present.  The numberic value represents the dilution factor times the maximum reportable number of colonies.

Operating Period 1

Operating Period 2

Operating Period 3

Statistics for Operating Period 1



PNRS II TEST FACILITY

UNSAT-CL2

Sample Date/Time Sample Type
Temp 

(°C)
pH

Total 

Alkalinity
D.O. ORP

Specific Cond 

(µS)
TDS TSS CBOD5 COD TN       TKN        Organic N NH3-N 

NO3-N 

(mg/L N)

NO2-N 

(mg/L N)

(NO3+NO

2)-N
TIN         TP

Ortho P 

(mg/L P)

Fecal            

(1cfu/100 

mL)

7/1/10 11:20 G 27.1 7.9 200.0 6.7 781.0 440 3 2 17.1 2.1 2.1 0.01 15.0 15.0

8/31/10 11:05 G 26.8 7.4 120.0 6.4 30.2 1050.0 650 1 2 22 45.1 3.1 3.1 0.01 42.0 42.0 7.1 4.0

11/10/10 11:30 G 23.1 7 200 5.4 50.2 1000 630 2 2 24 56.3 2.3 2.295 0.005 54 54.005

1/13/11 9:50 G 6.0 7.0 180.0 7.9 -88.9 990.0 600 1 3 16 29.2 2 2 0.019 27 0.2 27.2 27.2 730.0

3/17/11 10:05 G 11.7 7.2 150 2.9 -48.3 900 620 1 2 22 38.95 2.8 2.794 0.006 36 0.15 36.15 36.156 2.3

5/19/11 9:50 22.8 7.3 130 6.8 22.2 740 6 2 25.21 3.2 3.192 0.008 22 0.01 22.01 22.018 20

9/15/11 9:10 G 26.1 7.2 120 6.2 29.9 697 10 2 18 18.51 1.5 1.477 0.023 17 0.01 17.01 17.033 760

3/20/13 8:47 G 20.6 5.4 10 3.16 271.5 1300 6 2 80.2 3.2 3.01 0.19 77 77.19

n 6.0 6.0 6.0 6.0 5.0 6.0 5.0 6.0 6.0 4.0 6.0 6.0 6.0 6.0 3.0 3.0 6.0 6.0 1.0 1.0 3.0

MEAN1 19.6 7.3 163.3 6.0 -6.9 910.2 588.0 2.3 2.2 21.0 35.3 2.6 2.6 0.01 28.3 0.1 32.7 32.7 7.1 2.3 38.8

STD. DEV.2 8.7 1.0 35.0 1.7 59.0 126.3 84.7 2.0 0.4 3.5 14.3 0.5 0.5 0.01 7.1 0.1 14.2 14.2 14.4

MIN 6.0 7.0 120.0 2.9 -88.9 740.0 440.0 1.0 2.0 16.0 17.1 2.0 2.0 0.01 22.0 0.0 15.0 15.0 7.1 2.3 4.0

MAX 27.1 7.9 200.0 7.9 50.2 1050.0 650.0 6.0 3.0 24.0 56.3 3.2 3.2 0.02 36.0 0.2 54.0 54.0 7.1 2.3 730.0

NOTES:

All results in milligrams per liter (mg/L) except where indicated
1 Fecal coliform and pH values are reported as geometric mean.
2 Fecal coliform and pH values are reported as geometric standard deviation.

Blue-shaded data points indicate the number is greater than reported value.

Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.

Orange - shaded data points indicate too many colonies were present.  The numberic value represents the dilution factor times the maximum reportable number of colonies.

Operating Period 1

Operating Period 2

Operating Period 3

Statistics for Operating Period 1



PNRS II TEST FACILITY

UNSAT-CL4

Sample Date/Time Sample Type
Temp 

(°C)
pH

Total 

Alkalinity
D.O. ORP

Specific Cond 

(µS)
TDS TSS CBOD5 COD TN       TKN        Organic N NH3-N 

NO3-N 

(mg/L N)

NO2-N 

(mg/L N)

(NO3+NO

2)-N
TIN         TP

Ortho P 

(mg/L P)

Sulfide 

(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

Fecal            

(1cfu/100 

mL)

7/1/10 11:15 G 27.6 6.7 220 7.3 860 480 8 2 10.3 2.4 2.4 0.021 7.9 7.9

8/31/10 10:55 G 29.3 7.8 170 7.1 35.5 1174 680 1 2 13 45.1 2.1 2.1 0.01 43.0 43.0 7.6 1

11/10/10 11:40 G 23.5 7.2 270 8.0 52.8 1040 660 1 2 11 42.6 2.6 2.595 0.005 40 40.005 63

1/13/11 11:15 G 7.9 7.3 170 11.0 55.5 970 660 1 2 13 38.4 2.2 2.2 0.011 36.0 0.2 36.2 36.2 1

3/17/11 10:00 G 12.2 8.2 110 7.4 -98.2 860 600 1 2 16 35.71 2.7 2.694 0.006 33 0.01 33.01 33.016 4.9

5/19/11 9:50 22.2 7.4 210 7.6 7.8 750 3 2 26.01 12 11.995 0.005 14 0.01 14.01 14.015 18

9/15/11 8:55 G 26.3 7.4 170 7.2 28.7 767 5 2 10 15.61 1.6 1.563 0.037 14 0.01 14.01 14.047 5

3/20/13 8:45 G 20.2 6.0 20 6.1 253.5 1267 7 4 134.8 4.8 3.85 0.95 130 130.95

n 6.0 6.0 6.0 6.0 5.0 6.0 5.0 6.0 6.0 4.0 6.0 6.0 6.0 6.0 3.0 3.0 6.0 6.0 1.0 1.0 0.0 0.0 1.0 3.0

MEAN1 20.5 7.4 191.7 8.1 10.7 942.3 616.0 2.5 2.0 13.3 33.0 4.0 4.0 0.01 27.7 0.1 29.0 29.0 7.6 4.9 63.0 2.6

STD. DEV.2 8.6 1.1 54.6 1.5 63.8 151.3 81.7 2.8 0.0 2.1 13.0 3.9 3.9 0.01 11.9 0.1 14.5 14.5 5.3

MIN 7.9 6.7 110.0 7.1 -98.2 750.0 480.0 1.0 2.0 11.0 10.3 2.1 2.1 0.01 14.0 0.0 7.9 7.9 7.6 4.9 63.0 1.0

MAX 29.3 8.2 270.0 11.0 55.5 1174.0 680.0 8.0 2.0 16.0 45.1 12.0 12.0 0.02 36.0 0.2 43.0 43.0 7.6 4.9 63.0 18.0

NOTES:

All results in milligrams per liter (mg/L) except where indicated
1 Fecal coliform and pH values are reported as geometric mean.
2 Fecal coliform and pH values are reported as geometric standard deviation.

Blue-shaded data points indicate the number is greater than reported value.

Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.

Orange - shaded data points indicate too many colonies were present.  The numberic value represents the dilution factor times the maximum reportable number of colonies.

Operating Period 1

Operating Period 2

Operating Period 3

Statistics for Operating Period 1



PNRS II TEST FACILITY

DENIT-SU4

Sample Date/Time Sample Type
Temp 

(°C)
pH

Total 

Alkalinity
D.O. ORP

Specific Cond 

(µS)
TDS TSS CBOD5 COD TN       TKN        Organic N NH3-N 

NO3-N 

(mg/L N)

NO2-N 

(mg/L N)

(NO3+NO

2)-N
TIN         TP Ortho-P

Sulfide 

(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

Fecal            

(1cfu/100 

mL)

7/1/10 10:40 G 27.1 7.3 140 0.1 929 560 1 3.9 0.8 0.8 0.7 0.1 0.01 0.1 1.8 0.6 260.0

8/31/10 10:25 G 28.1 6.6 150 0.2 -106.6 1395 950 1 2 22 1.4 1.3 1.0 0.3 0.1 0.4 3.2 0.1 0.01 550.0 1.0

11/10/10 13:40 G 21.0 7.3 210 7.8 -118.0 1510 1100 6 2 13 0.91 0.89 0.79 0.1 0.02 0.12 1 0.09 560

12/23/10 8:42 G 19.5 7.1 1.6 138.0 1659

1/13/11 9:00 G 7.0 6.8 240 4.2 -99.6 1350 1000 2 2 20 1.33 1.2 0.98 0.22 0.1 0.03 0.13 0.35 0.14 0.08 420 3

3/17/11 9:30 G 14.7 7.4 210 0.1 -231.6 1311 1100 1 2 32 1.33 1.3 1.1 0.2 0.02 0.01 0.03 0.23 1.3 1 0.29 510

5/19/11 9:00 G 21.1 7.4 0.1 -239.9 1220 2 2 1.72 1.6 0.83 0.77 0.11 0.01 0.12 0.89 0.21 0.05 420 1

9/1/11 9:00 G 26.0 6.8 0.1 -276.9 1061 2.71 2.7 0.8 1.9 0.01 1.91 280

3/20/13 11:05 G 20.1 7.2 230 0.1 -329.4 1427 3 4 53.97 53 3.00 50 0.97 50.97 1.1 0.32 140

n 5 5 3 5 5 5 3 4 4 3 4 4 4 4 3 3 4 4 0 1 4 4 4 2

MEAN1 16.7 7.2 220.0 2.8 -110.2 1410.0 1066.7 2.8 2.0 21.7 1.3 1.2 0.9 0.32 0.08 0.02 0.08 0.4 1.3 0.6 0.1 477.5 1.7

STD. DEV.2 6.0 1.0 17.3 3.3 152.8 174.3 57.7 2.2 0.0 9.6 0.3 0.3 0.1 0.30 0.05 0.01 0.06 0.3 0.5 0.1 69.5 2.2

MIN 7.0 6.8 210.0 0.1 -239.9 1220.0 1000.0 1.0 2.0 13.0 0.9 0.9 0.8 0.10 0.02 0.01 0.02 0.1 1.3 0.1 0.1 420.0 1.0

MAX 21.1 7.4 240.0 7.8 138.0 1659.0 1100.0 6.0 2.0 32.0 1.7 1.6 1.1 0.77 0.11 0.03 0.13 0.9 1.3 1.0 0.3 560.0 3.0

NOTES:

All results in milligrams per liter (mg/L) except where indicated
1 Fecal coliform and pH values are reported as geometric mean.
2 Fecal coliform and pH values are reported as geometric standard deviation.

Blue-shaded data points indicate the number is greater than reported value.

Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.

Orange - shaded data points indicate too many colonies were present.  The numberic value represents the dilution factor times the maximum reportable number of colonies.

Operating Period 1a

Operating Period 1b

Operating Period 2

Operating Period 3

Statistics for Operating Period 1b



PNRS II TEST FACILITY

DENIT-LS3

Sample Date/Time Sample Type
Temp 

(°C)
pH

Total 

Alkalinity
D.O. ORP

Specific Cond 

(µS)
TDS TSS CBOD5 COD TN       TKN        Organic N NH3-N 

NO3-N 

(mg/L N)

NO2-N 

(mg/L N)

(NO3+NO

2)-N
TIN         TP Ortho-P

Sulfide 

(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

Fecal            

(1cfu/100 

mL)

7/1/10 10:30 G 28.1 7.7 200.0 0.1 695 370.0 2 12 2.0 2.0 1.1 1.0 0.01 1.0

8/31/10 10:15 G 27.8 7.3 220.0 1.3 -21.0 1114 680.0 1 2 29 34.2 3.2 3.1 0.2 31.0 31.2 3.3 1.0

11/10/10 12:30 G 20.0 6.9 220 4.7 67.5 1200 840 1 2 11 24.3 4.3 3.78 0.52 20 20.52

12/23/10 8:38 G 17.1 7.1 2.5 259.3 1432

1/13/11 9:00 G 6.6 6.7 240.0 5.4 -79.0 1150 790.0 1 2 16 45.4 2.3 2.3 0.012 43.0 0.1 43.1 43.1 1.0

3/17/11 9:25 G 17.3 7.4 410 0.8 -294.6 1027 720 2 120 320 1.67 1.6 0.86 0.74 0.06 0.01 0.07 0.81 2.6

5/19/11 9:00 G 21.1 7.7 300 4.2 -72.5 940 1 2 19.76 3 1.6 1.4 16 0.76 16.76 18.16 1.0

6/23/11 8:45 G 28.2 7.5 1.8 39.2 800 3.6 1.9 1.44 0.46 1.7 2.16

9/15/11 9:50 G 27.2 7.4 220 2.3 -159.6 739 4 2 10 10.91 1.3 1.267 0.033 9.1 0.51 9.61 9.643 3.0

3/20/13 11:10 G 20.2 7.18 190 1.8 -188.1 1406 5 2 76 31 7.00 24 45 69

n 3 3 2 3 3 3 1 2 2 1 3 3 3 3 2 2 3 3 0 1 0 0 0 1

MEAN1 22.2 7.5 355.0 2.3 -109.3 922.3 720.0 1.5 61.0 320.0 8.3 2.2 1.3 0.87 8.03 0.39 6.18 7.0 2.6 1.0

STD. DEV.2 5.5 1.0 77.8 1.7 169.9 114.5 0.7 83.4 9.9 0.7 0.4 0.48 11.27 0.53 9.20 9.7

MIN 17.3 7.4 300.0 0.8 -294.6 800.0 720.0 1.0 2.0 320.0 1.7 1.6 0.9 0.46 0.06 0.01 0.07 0.8 2.6 1.0

MAX 28.2 7.7 410.0 4.2 39.2 1027.0 720.0 2.0 120.0 320.0 19.8 3.0 1.6 1.40 16.00 0.76 16.76 18.2 2.6 1.0

NOTES:

All results in milligrams per liter (mg/L) except where indicated
1 Fecal coliform and pH values are reported as geometric mean.
2 Fecal coliform and pH values are reported as geometric standard deviation.

Blue-shaded data points indicate the number is greater than reported value.

Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.

Orange - shaded data points indicate too many colonies were present.  The numberic value represents the dilution factor times the maximum reportable number of colonies.

Operating Period 1a

Operating Period 1b

Operating Period 2

Operating Period 3

Statistics for Operating Period 1b



PNRS II TEST FACILITY

DENIT-SU3

Sample Date/Time Sample Type
Temp 

(°C)
pH

Total 

Alkalinity
D.O. ORP

Specific Cond 

(µS)
TDS TSS CBOD5 COD TN       TKN        Organic N NH3-N 

NO3-N 

(mg/L N)

NO2-N 

(mg/L N)

(NO3+NO

2)-N
TIN         TP

Ortho P 

(mg/L P)

Sulfide 

(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

Fecal            

(1cfu/100 

mL)

7/1/10 10:10 G 27.6 7.2 170 0.1 1257 710 16 13 2.7 2.7 2.2 0.5 0.01 0.5 4.7 1.8 340.0

8/31/10 10:00 G 28.4 6.7 270 0.1 -279.6 1655 1100 1 2 39 2.0 2.0 1.2 0.8 0.039 0.8 6.2 7.0 4.5 550.0 1.0

11/10/10 13:30 G 21.4 7.2 260 7.7 -180.0 1480 1000 2 3 26 1.85 1.8 1.25 0.55 0.05 0.6 2.4 0.85 450

1/13/11 9:00 G 6.9 6.9 280 2.8 -208.7 1420 1000 11 9 50 3.0 2.9 2.1 0.80 0.01 0.04 0.05 0.85 380 6

3/17/11 9:20 G 13.1 7.6 230 0.1 -285.2 1552 1200 6 2 39 3.02 3 1.5 1.5 0.01 0.01 0.02 1.52 2.3 650

5/19/11 9:00 G 20.8 7.4 200 0.1 -248.9 1380 1 7 3.01 2.9 0.2 2.7 0.1 0.01 0.11 2.81 520 1

9/1/11 9:00 G 26.4 7.0 0.1 -322.5 1203 3.31 3.3 2.51 0.79 0.01 0.8 360

9/15/11 9:40 G 27 7.4 150 0.1 -354.9 1126 2 6 10 1.53 1.3 0.75 0.55 0.22 0.01 0.23 0.78 0.98 0.26 320 30

3/20/13 11:20 G 20.4 7.0 210 0.1 -330.0 1567 1 2 14.7 12 1.00 11 2.7 13.7 0.7 0.34 330

n 6 6 6 6 5 6 5 6 6 4 6 6 6 6 3 3 6 6 1 1 3 3 6 3

MEAN1 19.7 7.2 235.0 1.8 -240.5 1457.3 1002.0 6.2 6.0 38.5 2.6 2.6 1.4 1.14 0.04 0.02 0.05 1.2 6.2 2.3 4.7 2.4 481.7 1.8

STD. DEV.2 8.4 1.0 43.2 3.1 45.5 138.6 183.1 6.2 4.5 9.8 0.5 0.5 0.7 0.85 0.05 0.02 0.04 0.9 2.3 1.9 114.8 2.8

MIN 6.9 6.7 170.0 0.1 -285.2 1257.0 710.0 1.0 2.0 26.0 1.9 1.8 0.2 0.46 0.01 0.01 0.01 0.5 6.2 2.3 2.4 0.9 340.0 1.0

MAX 28.4 7.6 280.0 7.7 -180.0 1655.0 1200.0 16.0 13.0 50.0 3.0 3.0 2.2 2.70 0.10 0.04 0.11 2.8 6.2 2.3 7.0 4.5 650.0 6.0

NOTES:

All results in milligrams per liter (mg/L) except where indicated
1 Fecal coliform and pH values are reported as geometric mean.
2 Fecal coliform and pH values are reported as geometric standard deviation.

Blue-shaded data points indicate the number is greater than reported value.

Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.

Orange - shaded data points indicate too many colonies were present.  The numberic value represents the dilution factor times the maximum reportable number of colonies.

Operating Period 1

Operating Period 2

Operating Period 3

Statistics for Operating Period 1



PNRS II TEST FACILITY

DENIT-LS2

Sample Date/Time Sample Type
Temp 

(°C)
pH

Total 

Alkalinity
D.O. ORP

Specific Cond 

(µS)
TDS TSS CBOD5 COD TN       TKN        Organic N NH3-N 

NO3-N 

(mg/L N)

NO2-N 

(mg/L N)

(NO3+NO

2)-N
TIN         TP Ortho-P

Fecal            

(1cfu/100 

mL)

7/1/10 10:00 G 27.2 8.1 370 0.1 998 510 9.0 5.5 2.8 1.4 1.2 0.2 1.4 1.6

8/31/10 9:50 G 27.3 7.8 380 4.1 -11.5 1448 850 1 2 24.0 32.1 3.1 2.8 0.3 29.0 29.3 5.7 1.0

11/10/10 12:15 G 21.5 7.4 320 4.1 71.0 1200 780 2 2 26 19.8 3.8 3.7 0.1 16 16.1

12/23/10 8:32 G 18.0 7.6 4.3 263.1 1447

1/13/11 9:00 G 6.8 7.3 340 5.0 -135.0 1300 860 1 2 16 43.77 2.7 2.615 0.085 41 0.07 41.07 41.155 1

3/17/11 9:10 G 14.3 8.0 350 3.4 -99.1 1077 710 4 2 39 18.5 4 2.2 1.8 12 2.5 14.5 16.3 2.8

5/19/11 9:00 G 20.2 7.9 240 3.1 -54.9 1100 2 2 26.26 3.5 3.45 0.05 22 0.76 22.76 22.81 1

6/23/11 8:45 G 27.2 7.7 4.0 -32.0 1010 7.1 1.7 1.676 0.024 5.4 5.424

9/15/11 9:35 G 26.8 7.5 220 3.1 19.1 862 2 2 10 22.37 1.9 1.861 0.039 20 0.47 20.47 20.509 4

3/20/13 11:05 G 20.1 7.2 210 3.1 148.2 227 1 2 50.1 3.1 3.01 0.095 47 47.095

n 3 3 2 3 3 3 1 2 2 1 3 3 3 3 2 2 3 3 0 1 1

MEAN1 20.6 7.9 295.0 3.5 -62.0 1062.3 710.0 3.0 2.0 39.0 17.3 3.1 2.4 0.62 17.00 1.63 14.22 14.8 2.8 1.0

STD. DEV.2 6.5 1.0 77.8 0.5 34.1 46.8 1.4 0.0 9.6 1.2 0.9 1.02 7.07 1.23 8.68 8.8

MIN 14.3 7.7 240.0 3.1 -99.1 1010.0 710.0 2.0 2.0 39.0 7.1 1.7 1.7 0.02 12.00 0.76 5.40 5.4 2.8 1.0

MAX 27.2 8.0 350.0 4.0 -32.0 1100.0 710.0 4.0 2.0 39.0 26.3 4.0 3.5 1.80 22.00 2.50 22.76 22.8 2.8 1.0

NOTES:

All results in milligrams per liter (mg/L) except where indicated
1 Fecal coliform and pH values are reported as geometric mean.
2 Fecal coliform and pH values are reported as geometric standard deviation.

Blue-shaded data points indicate the number is greater than reported value.

Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.

Orange - shaded data points indicate too many colonies were present.  The numberic value represents the dilution factor times the maximum reportable number of colonies.

Operating Period 1a: Original Lignocellulosic Media 50%

Operating Period 1a : Revised Lignocellulosic Percentage to 25%

Operating Period 1b

Operating Period 2

Operating Period 3

Statistics for Operating Period 1b



PNRS II TEST FACILITY

DENIT-LS4

Sample Date/Time Sample Type
Temp 

(°C)
pH

Total 

Alkalinity
D.O. ORP

Specific Cond 

(µS)
TDS TSS CBOD5 COD TN       TKN        Organic N NH3-N 

NO3-N 

(mg/L N)

NO2-N 

(mg/L N)

(NO3+NO

2)-N
TIN         TP Ortho-P

Fecal            

(1cfu/100 

mL)

7/1/10 9:45 G 28.1 7.6 180.0 0.5 618.0 270.0 1 9.1 14.0 14.0 8.2 5.8 0.01 5.8

8/31/10 9:40 G 27.1 7.6 360.0 0.4 -43.7 1120.0 430.0 1 2 35 67.2 67.0 34.0 33.0 0.2 33.2 6.9 12.0

11/10/10 12:05 G 20.0 7.3 200 3.8 81 900 480 2 2 20 30.8 21 6 15 9.8 24.8

12/23/10 8:30 G 18.0 7.3 1.5 -137.8 1039.0

1/13/11 9:00 G 7.4 7.3 230.0 5.2 -98.6 810 460 118 4 22 15.4 12.0 2.5 9.5 3.1 0.3 3.4 12.9 1.0

3/17/11 9:00 G 16.2 7.7 250 0.6 -195.5 835 450 10 2 90 14.03 14 0 14 0.02 0.01 0.03 14.03 2.2

5/19/11 9:00 19.9 8.1 380 0.6 -106.5 1080 5 7 1.52 1.5 1.495 0.005 0.01 0.01 0.02 0.025 1

6/23/11 8:45 27.6 7.7 2.3 -27.2 920 2 1.4 1.29 0.11 0.6 0.71

9/15/11 9:25 G 26.3 7.7 200 3.3 21.5 809 1 2 10 17.99 1.6 1.577 0.023 16 0.39 16.39 16.413 16

3/20/13 11:05 G 19.9 6.9 200 2.67 148.1 1416 2 2 46.2 3.2 3.19 0.014 43 43.014

n 3 3 2 3 3 3 1 2 2 1 3 3 3 3 2 2 3 3 0 1 1

MEAN1 21.2 7.8 315.0 1.2 -109.7 945.0 450.0 7.5 4.5 90.0 5.9 5.6 0.9 4.71 0.02 0.01 0.22 4.9 2.2 1.0

STD. DEV.2 5.8 1.0 91.9 1.0 84.2 124.4 3.5 3.5 7.1 7.2 0.8 8.05 0.01 0.00 0.33 7.9

MIN 16.2 7.7 250.0 0.6 -195.5 835.0 450.0 5.0 2.0 90.0 1.5 1.4 0.0 0.01 0.01 0.01 0.02 0.0 2.2 1.0

MAX 27.6 8.1 380.0 2.3 -27.2 1080.0 450.0 10.0 7.0 90.0 14.0 14.0 1.5 14.00 0.02 0.01 0.60 14.0 2.2 1.0

NOTES:

All results in milligrams per liter (mg/L) except where indicated
1 Fecal coliform and pH values are reported as geometric mean.
2 Fecal coliform and pH values are reported as geometric standard deviation.

Blue-shaded data points indicate the number is greater than reported value.

Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.

Orange - shaded data points indicate too many colonies were present.  The numberic value represents the dilution factor times the maximum reportable number of colonies.

Operating Period 1a

Operating Period 1b

Operating Period 2

Operating Period 3

Statistics for Operating Period 1b



PNRS II TEST FACILITY

DENIT-SU1

Sample Date/Time Sample Type
Temp 

(°C)
pH

Total 

Alkalinity
D.O. ORP

Specific Cond 

(µS)
TDS TSS CBOD5 COD TN       TKN        Organic N NH3-N 

NO3-N 

(mg/L N)

NO2-N 

(mg/L N)

(NO3+NO

2)-N
TIN         TP

Ortho P 

(mg/L P)

Sulfide 

(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

Fecal            

(1cfu/100 

mL)

7/1/10 14:20 G 27.5 7.2 200 0.5 1192 660 1 26 2.4 2.4 0.9 1.5 0.01 1.5 29.0 11.0 230.0

8/31/10 8:55 G 25.1 7.0 240 0.1 -317.2 1473 1000 1 24 63 2.7 2.7 0.3 2.4 0.04 2.4 5.0 25.0 12.0 450.0 3

11/10/10 10:15 G 28.0 6.9 230 1.6 -270.0 1250 900 1 18 50 2.04 1.9 1.14 0.76 0.14 0.9 17 9.2 350

1/13/11 8:00 G 6.8 220 1.2 -231.2 1080 760 1 8 22 3.0 2.6 2.1 0.46 0.11 0.24 0.35 0.81 270 5

3/17/11 8:16 G 7.2 7.0 250 0.1 -281.9 1254 890 2 2 45 2.16 2.1 0.4 1.7 0.05 0.01 0.06 1.76 2.9 380

5/19/11 8:00 G 16.9 7.2 200 0.1 -323.1 1000 3 2 2.96 2.9 1.6 1.3 0.05 0.01 0.06 1.36 270 1

9/15/11 7:45 G 22.0 7.0 170 0.2 -365.9 1009 1 41 89 2.65 2.4 1.2 1.2 0.24 0.01 0.25 1.45 30 14 200 9

3/20/13 12:55 G 20.3 7.0 150 0.1 -312.0 1802 8 11 4.12 4 0.70 3.3 0.12 3.42 9 4.1 520

n 5 6 6 6 5 6 5 6 6 4 6 6 6 6 3 3 6 6 1 1 3 3 6 3

MEAN1 20.9 7.0 223.3 0.6 -284.7 1208.2 842.0 1.5 13.3 45.0 2.5 2.4 1.1 1.35 0.07 0.09 0.11 1.5 5.0 2.9 23.7 10.7 325.0 2.5

STD. DEV.2 8.9 1.0 20.7 0.7 37.5 163.7 132.7 0.8 10.8 17.1 0.4 0.4 0.7 0.69 0.03 0.13 0.13 0.6 6.1 1.4 82.9 2.3

MIN 7.2 6.8 200.0 0.1 -323.1 1000.0 660.0 1.0 2.0 22.0 2.0 1.9 0.3 0.46 0.05 0.01 0.01 0.8 5.0 2.9 17.0 9.2 230.0 1.0

MAX 28.0 7.2 250.0 1.6 -231.2 1473.0 1000.0 3.0 26.0 63.0 3.0 2.9 2.1 2.40 0.11 0.24 0.35 2.4 5.0 2.9 29.0 12.0 450.0 5.0

NOTES:

All results in milligrams per liter (mg/L) except where indicated
1 Fecal coliform and pH values are reported as geometric mean.
2 Fecal coliform and pH values are reported as geometric standard deviation.

Blue-shaded data points indicate the number is greater than reported value.

Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.

Orange - shaded data points indicate too many colonies were present.  The numberic value represents the dilution factor times the maximum reportable number of colonies.

Operating Period 1

Operating Period 2

Operating Period 3

Statistics for Operating Period 1



PNRS II TEST FACILITY

DENIT-SU2

Sample Date/Time Sample Type
Temp 

(°C)
pH

Total 

Alkalinity
D.O. ORP

Specific Cond 

(µS)
TDS TSS CBOD5 COD TN       TKN        Organic N NH3-N 

NO3-N 

(mg/L N)

NO2-N 

(mg/L N)

(NO3+NO

2)-N
TIN         TP Ortho-P

Sulfide 

(mg/L)
H2S (mg/L) SO4 (mg/L)

Fecal            

(1cfu/100 

mL)

7/1/10 14:25 G 27.9 9.1 260 1.2 1398 690 1 4.9 6.4 1.2 1.2 0.01 5.2 5.2 0.1 0.01 140.0

8/31/10 9:05 G 24.8 7.0 210 0.5 -279.0 1402 930 2 20.0 50.0 1.8 1.8 0.9 0.9 0.025 0.9 4.8 14.0 6.7 470.0 1

11/10/10 10:25 G 25.5 7.0 210 0.2 -90.0 1350 1000 8 2 18 0.77 0.74 0.707 0.033 0.03 0.063 1 0.01 490

1/13/11 8:00 G 0.3 6.8 200 1.6 -212.2 1130 740 1 6 24 1.16 1.1 0.8 0.3 0.01 0.05 0.06 0.36 4.3 2.6 300 3

3/17/11 8:20 G 5.3 7.0 190 0.5 -268.4 1296 940 2 2 47 0.91 0.89 0.52 0.37 0.01 0.01 0.02 0.39 2 7.8 3.7 400

5/19/11 8:00 16.7 7.1 260 0.1 -309.9 1010 3 24 3.53 3.5 1.9 1.6 0.02 0.01 0.03 1.63 17 7.4 260 1

9/15/11 7:50 G 22.5 7.0 170 0.1 -343.5 961 1 27 40 8.24 8 5.8 2.2 0.23 0.01 0.24 2.44 24 11 210 10

3/20/13 13:00 G 19.9 6.9 110 0.1 -285.9 1745 1 5 2.13 2.1 0.70 1.4 0.03 1.43 7 3.6 540

n 4 4 4 4 4 4 3 4 4 3 4 4 4 4 3 3 4 4 0 1 4 4 4 2

MEAN1 12.0 7.0 215.0 0.6 -220.1 1196.5 893.3 3.5 8.5 29.7 1.6 1.6 1.0 0.58 0.01 0.02 0.04 0.6 2.0 7.5 3.4 362.5 1.7

STD. DEV.2 11.3 1.0 31.1 0.7 95.5 155.6 136.1 3.1 10.5 15.3 1.3 1.3 0.6 0.70 0.01 0.02 0.02 0.7 6.9 3.1 103.4 2.2

MIN 0.3 6.8 190.0 0.1 -309.9 1010.0 740.0 1.0 2.0 18.0 0.8 0.7 0.5 0.03 0.01 0.01 0.02 0.1 2.0 1.0 0.0 260.0 1.0

MAX 25.5 7.1 260.0 1.6 -90.0 1350.0 1000.0 8.0 24.0 47.0 3.5 3.5 1.9 1.60 0.02 0.05 0.06 1.6 2.0 17.0 7.4 490.0 3.0

NOTES:

All results in milligrams per liter (mg/L) except where indicated
1 Fecal coliform and pH values are reported as geometric mean.
2 Fecal coliform and pH values are reported as geometric standard deviation.

Blue-shaded data points indicate the number is greater than reported value.

Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.

Orange - shaded data points indicate too many colonies were present.  The numberic value represents the dilution factor times the maximum reportable number of colonies.

Operating Period 1a

Operating Period 1b

Operating Period 2

Operating Period 3

Statistics for Operating Period 1b



PNRS II TEST FACILITY

DENIT-LS1

Sample Date/Time Sample Type
Temp 

(°C)
pH

Total 

Alkalinity
D.O. ORP

Specific Cond 

(µS)
TDS TSS CBOD5 COD TN       TKN        Organic N NH3-N 

NO3-N 

(mg/L N)

NO2-N 

(mg/L N)

(NO3+NO

2)-N
TIN         TP Ortho-P

Sulfide 

(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

Fecal            

(1cfu/100 

mL)

7/1/10 13:05 G 27.3 7.5 250 0.5 738 370 1 56.0 1.5 1.5 0.7 0.8 0.039 0.8

8/31/10 9:20 G 25.2 7.7 250 0.2 -199.7 962 530 1 3.9 44 1.8 1.8 1.1 0.7 0.01 0.7 0.5 1.0

11/10/10 10:40 G 21.4 7.4 210 1.1 -120.0 970 540 1 2 18 20.7 2.7 2.695 0.005 18 18.005

12/23/10 8:50 G 13.8 6.9 230 0.1 -15.4 1076 1 2 33.7 2.7 2.7 0.02 31.0 31.0

1/13/11 8:00 G 0.3 7.0 190 0.6 -173.1 910 590 1 2 16 23.9 1.8 1.8 0.007 22.0 0.10 22.1 22.1 5.2 55.5 1

3/17/11 8:30 G 4.6 7.4 320 0.1 -271.5 886 630 20 150 320 1.82 1.8 1.19 0.61 0.01 0.01 0.02 0.63 2

5/19/11 8:00 G 16.1 7.3 220 0.1 -301.8 700 6 29 27.03 27 26.995 0.005 0.02 0.01 0.03 0.035 1

6/23/11 8:00 G 25.1 6.8 0.1 -249.0 850 1.11 1.1 0.91 0.19 0.01 0.2

9/15/11 7:55 G 22.2 7.2 210 0.3 -284.3 644 2 9 24 0.62 0.38 0.36 0.02 0.23 0.01 0.24 0.26 1

3/20/13 12:55 G 20.2 6.7 100 1.3 -161.2 1342 6 2 65.3 3.3 3.26 0.043 62 62.043

n 3 3 2 3 3 3 1 2 2 1 3 3 3 3 2 2 3 3 0 1 0 0 0 1

MEAN1 15.3 7.2 270.0 0.1 -274.1 812.0 630.0 13.0 89.5 320.0 10.0 10.0 9.7 0.27 0.02 0.01 0.02 0.3 2.0 1.0

STD. DEV.2 10.3 1.0 70.7 0.0 26.5 98.7 9.9 85.6 14.8 14.8 15.0 0.31 0.01 0.00 0.01 0.3

MIN 4.6 6.8 220.0 0.1 -301.8 700.0 630.0 6.0 29.0 320.0 1.1 1.1 0.9 0.01 0.01 0.01 0.01 0.0 2.0 1.0

MAX 25.1 7.4 320.0 0.1 -249.0 886.0 630.0 20.0 150.0 320.0 27.0 27.0 27.0 0.61 0.02 0.01 0.03 0.6 2.0 1.0

NOTES:

All results in milligrams per liter (mg/L) except where indicated
1 Fecal coliform and pH values are reported as geometric mean.
2 Fecal coliform and pH values are reported as geometric standard deviation.

Blue-shaded data points indicate the number is greater than reported value.

Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.

Orange - shaded data points indicate too many colonies were present.  The numberic value represents the dilution factor times the maximum reportable number of colonies.

Operating Period 1a

Operating Period 1b

Operating Period 2

Operating Period 3

Statistics for Operating Period 1b



PNRS II Test Facility

DENIT-GL1

Sample Date/Time Sample Type
Temp 

(°C)
pH

Total 

Alkalinity
D.O. ORP

Specific Cond 

(µS)
TDS TSS CBOD5 COD TN       TKN        Organic N NH3-N 

NO3-N 

(mg/L N)

NO2-N 

(mg/L N)

(NO3+NO

2)-N
TIN         TP

Ortho P 

(mg/L P)

Sulfide 

(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

Fecal            

(1cfu/100 

mL)

7/1/10 12:08 G 27.8 8.0 220 1.5 794 380 1 39 6.6 1.9 0.9 1.0 4.7 5.7

8/31/10 9:30 G 25.2 6.4 660 0.1 -174.9 1686 1200 100 810 1100 66.1 66.0 37.0 29.0 0.1 29.1 2.9 800.0

10/21/10 8:38 G 78 0.04

11/10/10 10:55 G 21.0 6.9 390 0.8 -180.0 900 540 4 3 22 1.97 1.9 1.02 0.88 0.07 0.95

1/13/11 8:00 G 0.3 6.6 400 0.9 -208.7 1000 540 3 17 48 6.5 6.3 0.5 5.8 0.1 0.04 0.15 5.95 1.0

3/17/11 8:40 G 3.9 7.0 340 0.1 -259.0 927 540 1 2 36 4.92 4.9 0.8 4.1 0.01 0.01 0.02 4.12 3

5/19/11 8:00 G 16.4 6.8 400 0.1 -267.3 850 2 15 1.94 1.9 0.2 1.7 0.03 0.01 0.04 1.74 1000

9/15/11 8:00 G 22.5 6.6 330 0.1 -283.5 794 5 13 20 0.94 0.7 0.43 0.27 0.23 0.01 0.24 0.51 140

n 4 4 4 4 4 4 3 4 4 3 4 4 4 4 3 3 4 4 0 1 0 0 0 2

MEAN1 10.4 6.8 382.5 0.5 -228.8 919.3 540.0 2.5 9.3 35.3 3.8 3.8 0.6 3.12 0.05 0.02 0.07 3.2 3.0 31.6

STD. DEV.
2

9.9 1.0 28.7 0.4 41.6 62.6 0.0 1.3 7.8 13.0 2.2 2.2 0.4 2.25 0.05 0.02 0.06 2.3 132.2

MIN 0.3 6.6 340.0 0.1 -267.3 850.0 540.0 1.0 2.0 22.0 1.9 1.9 0.2 0.88 0.01 0.01 0.02 1.0 3.0 1.0

MAX 21.0 7.0 400.0 0.9 -180.0 1000.0 540.0 4.0 17.0 48.0 6.5 6.3 1.0 5.80 0.11 0.04 0.15 6.0 3.0 1000.0

NOTES:

All results in milligrams per liter (mg/L) except where indicated
1 Fecal coliform and pH values are reported as geometric mean.
2
 Fecal coliform and pH values are reported as geometric standard deviation.

Blue-shaded data points indicate the number is greater than reported value.

Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.

Orange - shaded data points indicate too many colonies were present.  The numberic value represents the dilution factor times the maximum reportable number of colonies.

Operating Period 1a

Operating Period 1b

Operating Period 2

Statistics for Operating Period 1b



PNRS II TEST FACILITY

UNSAT-IS1

Sample Date/Time Sample Type
Temp 

(°C)
pH

Total 

Alkalinity
D.O. ORP

Specific Cond 

(µS)
TDS TSS CBOD5 COD TN       TKN        Organic N NH3-N 

NO3-N 

(mg/L N)

NO2-N 

(mg/L N)

(NO3+NO

2)-N
TIN         TP Ortho-P

Sulfide 

(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

Fecal            

(1cfu/100 

mL)

7/1/10 14:35 G 26.7 6.4 130 0.1 2438 1600 113 7.8 0.4 0.4 0.4 0.045 0.022 0.1 0.1 0.01 1100

8/12/10 14:15 G 29.7 6.4 250 0.3 -246.2 1219 770 12 13 10.035 10 1.1 8.9 0.035 8.935 1.7 0.72 0.55 260 1

8/31/10 13:35 G 29.5 6.5 270 0.1 -42.5 1206 780 3 8.4 57.0 20.1 20.0 0.0 20.0 0.086 20.1 1.2 0.9 0.7 300 1

11/10/10 10:00 G 20.5 6.8 390 1.9 -161.0 1120 540 6 2 76 53.18 53 3 50 0.18 50.18 4.7 2.8 79

11/12/10 6:45 G 17.0 7.1 370 2.0 221.6 1168 530 2 2 76 75.04 75 6 69 0.04 69.04 4.3 1.8 83

1/13/11 10:00 G 1.2 6.7 430 0.4 -141.2 1200 480 7 65 120 64.4 64.0 6.0 58.0 0.08 0.29 0.37 58.37 7 10

3/17/11 12:45 G 10.7 7.3 400 NR NR 999 660 2 120 240 8.96 8.9 0.2 8.7 0.05 0.01 0.06 8.76 5.2 20

5/19/11 11:25 G 24.1 7.3 240 2.4 -51.7 810 8 4 4.6 3.3 2.93 0.37 0.48 0.82 1.3 1.67 200 1

6/28/11 12:45 G 28.9 6.8 0.5 -158.5 1057 37.01 37 1 36 0.01 36.01 49

9/16/11 12:05 G 13.4 6.8 280 9.5 -158.3 831 3 6 44 21.24 21 13 8 0.23 0.01 0.24 8.24 1.2 0.7 53 42

3/20/13 13:10 G 16.8 7.4 200 7.9 39.1 1422 6 8 42.5 33 1.00 32 9.5 41.5 0.1 0.01 220

n 5 5 4 4 4 5 1 4 4 2 5 5 5 5 3 3 5 5 0 1 2 2 5 2

MEAN1 18.8 7.1 280.0 5.1 -82.4 1023.8 660.0 4.8 34.5 142.0 22.9 20.6 3.6 17.0 0.3 0.3 2.2 19.2 5.2 0.7 0.4 108.4 6.5

STD. DEV.2 7.6 1.0 86.4 4.3 95.3 246.6 2.8 57.0 138.6 16.7 14.7 5.3 15.9 0.2 0.5 4.1 18.1 0.8 0.5 93.9 14.1

MIN 10.7 6.8 200.0 0.5 -158.5 810.0 660.0 2.0 4.0 44.0 4.6 3.3 0.2 0.4 0.1 0.0 0.0 1.7 5.2 0.1 0.0 20.0 1.0

MAX 28.9 7.4 400.0 9.5 39.1 1422.0 660.0 8.0 120.0 240.0 42.5 37.0 13.0 36.0 0.5 0.8 9.5 41.5 5.2 1.2 0.7 220.0 42.0

NOTES:

All results in milligrams per liter (mg/L) except where indicated
1 Fecal coliform and pH values are reported as geometric mean.
2 Fecal coliform and pH values are reported as geometric standard deviation.

Blue-shaded data points indicate the number is greater than reported value.

Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.

Orange - shaded data points indicate too many colonies were present.  The numberic value represents the dilution factor times the maximum reportable number of colonies.

Operating Period 1

Operating Period 2

Operating Period 3

Operating Period 4

Statistics for Operating Period 4



PNRS II TEST FACILITY

UNSAT-IS2

Sample Date/Time Sample Type
Temp 

(°C)
pH

Total 

Alkalinity
D.O. ORP

Specific Cond 

(µS)
TDS TSS CBOD5 COD TN       TKN        Organic N NH3-N 

NO3-N 

(mg/L N)

NO2-N 

(mg/L N)

(NO3+NO

2)-N
TIN         TP Ortho-P

Sulfide 

(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

Fecal            

(1cfu/100 

mL)

7/1/10 14:35 G 26.6 6.1 210 0.4 3506 3000 108 13.0 0.6 0.6 0.5 0.1 0.01 0.1 0.1 0.01 1800

8/12/10 14:25 G 30.0 6.2 100 0.3 -211.5 1455 700 92 8.1 1.521 1.5 1.24 0.26 0.021 0.281 7 0.72 0.6 350 1

9/1/10 10:20 G 29.0 6.3 200 0.1 -174.5 1543 950 60 2 50 0.7 0.6 0.4 0.2 0.01 0.2 1.5 0.1 0.01 470 1

11/10/10 9:45 G 19.2 6.8 180 0.8 -130.0 1300 820 19 2 20 1.25 1.2 0.4 0.8 0.05 0.85 1 0.01 380

1/13/11 8:15 G 6.2 6.8 200 3.9 -234.5 680 710 1 6 18 1.3 1.1 0.6 0.53 0.01 0.21 0.22 0.75 250 1

3/17/11 12:40 G 11.8 7.4 190 NR NR 977 670 10 3 82 12.62 4.3 3.93 0.37 0.72 7.6 8.32 8.69 2.5 0.68 1 210

5/19/11 11:25 G 24.4 7.3 320 4.7 -23.1 850 7 19 42.04 42 12 30 0.03 0.01 0.04 30.04 54 19

6/28/11 12:45 G 28.3 7.0 2.6 -208.8 996 3.59 3.5 0.9 2.6 0.09 2.69 160

9/16/11 12:10 G 10.1 7.0 240 7.7 -59.6 865 4 9 130 2.04 1.8 1.41 0.39 0.23 0.01 0.24 0.63 1.8 0.86 120 1

3/20/13 13:15 G 16.0 7.3 80 9.1 48.2 1369 3 3 62.2 5.2 3.30 1.9 57 58.9 0.1 0.01 120

n 5 5 4 4 4 5 1 4 4 2 5 5 5 5 3 3 5 5 1 1 2 3 5 2

MEAN1 18.1 7.2 207.5 6.0 -60.8 1011.4 670.0 6.0 8.5 106.0 24.5 11.4 4.3 7.1 0.3 2.5 13.1 20.2 2.5 0.7 1.0 0.6 132.8 4.4

STD. DEV.2 7.9 1.0 100.5 2.9 108.3 210.2 3.2 7.5 33.9 26.5 17.2 4.5 12.9 0.4 4.4 24.8 24.6 1.2 0.5 57.5 8.0

MIN 10.1 7.0 80.0 2.6 -208.8 850.0 670.0 3.0 3.0 82.0 2.0 1.8 0.9 0.4 0.0 0.0 0.0 0.6 2.5 0.7 0.1 0.0 54.0 1.0

MAX 28.3 7.4 320.0 9.1 48.2 1369.0 670.0 10.0 19.0 130.0 62.2 42.0 12.0 30.0 0.7 7.6 57.0 58.9 2.5 0.7 1.8 1.0 210.0 19.0

NOTES:

All results in milligrams per liter (mg/L) except where indicated

NS - Not sampled

Cond - Conductivity

D.O. - Dissolved oxygen

C - Composite sample (24 hr. flow composite)

G - Grab sample

ND - No data
1 Fecal coliform and pH values are reported as geometric mean.
2 Fecal coliform and pH values are reported as geometric standard deviation.

Blue-shaded data points indicate the number is greater than reported value.

Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.

Orange - shaded data points indicate too many colonies were present.  The numberic value represents the dilution factor times the maximum reportable number of colonies.

Operating Period 1

Operating Period 2

Operating Period 4

Statistics for Operating Period 4



PNRS II TEST FACILITY

UNSAT-IS2-AS

Sample Date/Time Sample Type
Temp 

(°C)
pH

Total 

Alkalinity
D.O. ORP

Specific Cond 

(µS)
TDS TSS CBOD5 COD TN       TKN        Organic N NH3-N 

NO3-N 

(mg/L N)

NO2-N 

(mg/L N)

(NO3+NO

2)-N
TIN         TP

Ortho P 

(mg/L P)

Sulfide 

(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

Fecal            

(1cfu/100 

mL)

3/18/11 13:55 G 25.8 6.6 69 0.5 -57.9 970 510 2 13 63 46.9 3.9 3.33 0.57 43 43.57 5.2 58

6/28/11 13:20 G 28.6 6.4 1.0 -65.7 612 7.7 2 1.47 0.53 5.7 6.23 54

9/16/11 11:55 G 29.3 6.3 130 1.4 -130.9 667 4 7 71 1.82 1.8 1.52 0.28 0.01 0.01 0.02 0.3 1.8 1.5 72 1

3/20/13 13:35 G 20.9 3.9 2 2.0 -4.1 1357 1 2 84 11 0.00 11 73 84 0.1 0.01 75

n 4 4 3 4 4 4 1 3 3 2 4 4 4 4 1 1 4 4 0 1 2 2 4 1

MEAN1 26.2 5.7 67.0 1.2 -64.7 901.5 510.0 2.3 7.3 67.0 35.1 4.7 1.6 3.1 0.01 0.01 30.4 33.5 5.2 1.0 0.8 64.8 1.0

STD. DEV.2 3.8 1.3 64.0 0.6 52.0 342.0 1.5 5.5 5.7 38.2 4.3 1.4 5.3 34.2 38.7 1.2 1.1 10.3

MIN 20.9 3.9 2.0 0.5 -130.9 612.0 510.0 1.0 2.0 63.0 1.8 1.8 0.0 0.3 0.01 0.01 0.0 0.3 5.2 0.1 0.0 54.0 1.0

MAX 29.3 6.6 130.0 2.0 -4.1 1357.0 510.0 4.0 13.0 71.0 84.0 11.0 3.3 11.0 0.01 0.01 73.0 84.0 5.2 1.8 1.5 75.0 1.0

NOTES:

All results in milligrams per liter (mg/L) except where indicated
1 Fecal coliform and pH values are reported as geometric mean.
2 Fecal coliform and pH values are reported as geometric standard deviation.

Blue-shaded data points indicate the number is greater than reported value.

Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.

Orange - shaded data points indicate too many colonies were present.  The numberic value represents the dilution factor times the maximum reportable number of colonies.

Operating Period 4

Statistics for Operating Period 4



PNRS II TEST FACILITY

UNSAT-IS3

Sample Date/Time Sample Type
Temp 

(°C)
pH

Total 

Alkalinity
D.O. ORP

Specific Cond 

(µS)
TDS TSS CBOD5 COD TN       TKN        Organic N NH3-N 

NO3-N 

(mg/L N)

NO2-N 

(mg/L N)

(NO3+NO

2)-N
TIN         TP Ortho-P

Sulfide 

(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

Fecal            

(1cfu/100 

mL)

11/15/10 8:30 G 18.7 6.7 280 0.4 158.3 1505 2300 4 3 46 34.4 6.4 0.2 6.2 28 34.2 1 0.01 290

12/22/10 7:30 G 8.7 6.9 270 0.5 171.2 1394 4 40.2 4.2 0.2 4 36 40 140

1/11/11 8:20 G 11.6 7.0 300 0.4 136.5 1331 850 10 2 31 36.4 4.1 2.9 1.2 24.0 8.3 32.3 33.5 0.5 120 1

3/15/11 7:50 G 13.4 7.7 380 NR -79.6 1481 990 1 3 96 2.52 2.5 0.8 1.7 0.01 0.01 0.02 1.72 2.3 200

5/17/11 9:10 G 12.0 7.4 390 97.5 1395 8 6 3.63 3.6 2 1.6 0.02 0.01 0.03 1.63 300 9

6/27/11 8:00 G 26.5 6.7 1.8 1168 1.72 1.6 1.49 0.11 0.12 0.23 160

9/16/11 12:10 G 22.9 7.5 180 8.2 -13.9 923 8 3 48 2.71 1.7 1.21 0.49 0.68 0.33 1.01 1.5 0.1 0.01 200 1

n 4 4 3 2 3 4 1 3 3 2 4 4 4 4 3 3 4 4 0 1 1 1 4 2

MEAN 18.7 7.3 316.7 5.0 1.3 1241.8 990.0 5.7 4.0 72.0 2.6 2.4 1.4 0.98 0.24 0.12 0.30 1.3 2.3 0.1 0.0 215.0 3.0

STD. DEV. 7.1 1.1 118.5 4.6 89.5 250.2 4.0 1.7 33.9 0.8 0.9 0.5 0.80 0.38 0.18 0.48 0.7 59.7 4.7

MIN 12.0 6.7 180.0 1.8 -79.6 923.0 990.0 1.0 3.0 48.0 1.7 1.6 0.8 0.11 0.01 0.01 0.02 0.2 2.3 0.1 0.0 160.0 1.0

MAX 26.5 7.7 390.0 8.2 97.5 1481.0 990.0 8.0 6.0 96.0 3.6 3.6 2.0 1.70 0.68 0.33 1.01 1.7 2.3 0.1 0.0 300.0 9.0

NOTES:

All results in milligrams per liter (mg/L) except where indicated
1 Fecal coliform and pH values are reported as geometric mean.
2
 Fecal coliform and pH values are reported as geometric standard deviation.

Blue-shaded data points indicate the number is greater than reported value.

Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.

Orange - shaded data points indicate too many colonies were present.  The numberic value represents the dilution factor times the maximum reportable number of colonies.

Operating Period 3

Operating Period 4

Statistics for Operating Period 4



PNRS II TEST FACILITY

UNSAT-IS3-AS

Sample Date/Time Sample Type
Temp 

(°C)
pH

Total 

Alkalinity
D.O. ORP

Specific Cond 

(µS)
TDS TSS CBOD5 COD TN       TKN        Organic N NH3-N 

NO3-N 

(mg/L N)

NO2-N 

(mg/L N)

(NO3+NO

2)-N
TIN         TP

Ortho P 

(mg/L P)

Sulfide 

(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

Fecal            

(1cfu/100 

mL)

1/13/11 14:10 G 4.0 7.5 210 12.0 39.2 980 600 3 2 26 7.7 1.8 1.764 0.036 3.7 2.2 5.9 5.936 130

3/17/11 12:35 G 6.2 7.6 500 NR NR 1269 910 2 2 120 9.23 3.2 3 0.2 5.8 0.23 6.03 6.23 3.5 98

5/19/11 8:45 G 18.2 7.1 410 -100.3 1000 4 3 15.22 2.8 2.35 0.45 12 0.42 12.42 12.87 88 1

6/28/11 12:40 G 28.1 6.5 3.3 -38.0 951 7.2 4.1 3.9 0.2 3.1 3.3 76.0

9/16/11 16:00 G 59 2 7 44 21.4 3.4 3.34 0.06 18 18.06 0.1 0.01 75 1

n 3 3 3 1 2 3 1 3 3 2 4 4 4 4 2 2 4 4 0 1 1 1 4 2

MEAN
1 17.5 7.0 323.0 3.3 -69.2 1073.3 910.0 2.7 4.0 82.0 13.3 3.4 3.1 0.23 8.9 0.3 9.9 10.1 3.5 0.1 0.0 84.3 1.0

STD. DEV.2 11.0 1.1 233.0 44.1 171.2 1.2 2.6 53.7 6.4 0.5 0.6 0.16 4.4 0.1 6.7 6.6 10.9 1.0

MIN 6.2 6.5 59.0 3.3 -100.3 951.0 910.0 2.0 2.0 44.0 7.2 2.8 2.4 0.06 5.8 0.2 3.1 3.3 3.5 0.1 0.0 75.0 1.0

MAX 28.1 7.6 500.0 3.3 -38.0 1269.0 910.0 4.0 7.0 120.0 21.4 4.1 3.9 0.45 12.0 0.4 18.0 18.1 3.5 0.1 0.0 98.0 1.0

NOTES:

All results in milligrams per liter (mg/L) except where indicated
1
 Fecal coliform and pH values are reported as geometric mean.

2
 Fecal coliform and pH values are reported as geometric standard deviation.

Blue-shaded data points indicate the number is greater than reported value.

Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.

Orange - shaded data points indicate too many colonies were present.  The numberic value represents the dilution factor times the maximum reportable number of colonies.

Operating Period 3

Operating Period 4

Statistics for Operating Period 4



PNRS II TEST FACILITY

UNSAT-IS4

Sample Date/Time Sample Type
Temp 

(°C)
pH

Total 

Alkalinity
D.O. ORP

Specific Cond 

(µS)
TDS TSS CBOD5 COD TN       TKN        Organic N NH3-N 

NO3-N 

(mg/L N)

NO2-N 

(mg/L N)

(NO3+NO

2)-N
TIN         TP Ortho-P

Sulfide 

(mg/L)

H2S 

(mg/L)
SO4 (mg/L)

Fecal            

(1cfu/100 

mL)

11/10/10 15:15 G 43.1 2.1 2.064 0.036 41 41.036 490

11/15/10 8:45 G 18.3 7.5 280 9.0 152.8 0.01 35 12.8 1.8 1.714 0.086 11 11.086 440

12/22/10 7:40 G 8.4 7.1 200 0.8 179.5 1129 2 7.8 1.2 1.1 0.1 6.6 6.7 190.0

1/11/11 8:30 G 11.6 7.1 260 1.0 150.4 993 620 7 2 29 0.99 0.87 0.778 0.092 0.11 0.01 0.12 0.212 3.9 110 1

3/15/11 7:45 G 12.2 7.0 460 19.1 1346 870 44 10 88 10.6 4.8 4.762 0.038 4.6 1.2 5.8 5.838 0.018 170

5/17/11 9:15 G 14.3 7.1 530 76.1 1379 34 38 2.43 2.4 2.324 0.076 0.02 0.01 0.03 0.106 190 1

6/27/11 0:00 G 25.4 6.6 0.4 1373 1.76 1.5 1.17 0.33 0.26 0.59 110

9/16/11 12:10 G 22.4 6.8 400 2.1 -222.7 1136 6 2 69 2.04 1.8 1.21 0.59 0.23 0.01 0.24 0.83 0.1 0.01 110 1

n 4 4 3 2 3 4 1 3 3 2 4 4 4 4 3 3 4 4 0 1 1 1 4 2

MEAN1 18.6 6.9 463.3 1.2 -42.5 1308.5 870.0 28.0 16.7 78.5 4.2 2.6 2.4 0.26 1.6 0.4 1.6 1.8 0.0 0.1 0.0 145.0 1.0

STD. DEV.2 6.3 1.0 65.1 1.2 158.6 115.9 19.7 18.9 13.4 4.3 1.5 1.7 0.26 2.6 0.7 2.8 2.7 41.2 1.0

MIN 12.2 6.6 400.0 0.4 -222.7 1136.0 870.0 6.0 2.0 69.0 1.8 1.5 1.2 0.04 0.0 0.0 0.0 0.1 0.0 0.1 0.0 110.0 1.0

MAX 25.4 7.1 530.0 2.1 76.1 1379.0 870.0 44.0 38.0 88.0 10.6 4.8 4.8 0.59 4.6 1.2 5.8 5.8 0.0 0.1 0.0 190.0 1.0

NOTES:

All results in milligrams per liter (mg/L) except where indicated

Blue-shaded data points indicate the number is greater than reported value.

Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.

Orange - shaded data points indicate too many colonies were present.  The numberic value represents the dilution factor times the maximum reportable number of colonies.

Operating Period 3

Operating Period 4

Statistics for Operating Period 4



PNRS II TEST FACILITY

UNSAT-IS4-AS

Sample Date/Time Sample Type
Temp 

(°C)
pH

Total 

Alkalinity
D.O. ORP

Specific Cond 

(µS)
TDS TSS CBOD5 COD TN       TKN        Organic N NH3-N 

NO3-N 

(mg/L N)

NO2-N 

(mg/L N)

(NO3+NO

2)-N
TIN         TP

Ortho P 

(mg/L P)

Sulfide 

(mg/L)

H2S 

(mg/L)

SO4 

(mg/L)

Fecal            

(1cfu/100 

mL)

1/13/11 14:00 G 5.1 6.6 100 12 35.1 1050 710 1 2 22 52.4 3.5 3.4 0.1 46 2.9 48.9 49 92

3/17/11 12:30 G 14.9 7.4 430 NR NR 1087 800 20 10 80 9.51 3.5 3.2 0.3 6 0.01 6.01 6.31 0.46 120

5/19/11 8:45 G 17.5 7.0 220 -150.1 1140 4 2 23.1 2.6 2.37 0.23 20 0.5 20.5 20.73 100 1

6/28/11 12:40 G 28.1 6.5 2.1 -109.5 1091 12.1 3.4 3.33 0.07 8.7 8.77 75

9/16/11 11:55 G 270 2 5 61 3.3 2.1 1.24 0.86 1.2 2.06 0.1 0.01 63 1

n 3 3 3 1 2 3 1 3 3 2 4 4 4 4 2 2 4 4 0 1 1 1 4 2

MEAN
1 20.2 6.9 306.7 2.1 -129.8 1106.0 800.0 8.7 5.7 70.5 12.0 2.9 2.5 0.37 13.00 0.26 9.10 9.5 0.5 0.1 0.0 89.5 1.0

STD. DEV.2 7.0 1.1 109.7 28.7 29.5 9.9 4.0 8.3 0.7 1.0 0.34 9.90 0.35 8.21 8.0 25.5 1.0

MIN 14.9 6.5 220.0 2.1 -150.1 1087.0 800.0 2.0 2.0 61.0 3.3 2.1 1.2 0.07 6.00 0.01 1.20 2.1 0.5 0.1 0.0 63.0 1.0

MAX 28.1 7.4 430.0 2.1 -109.5 1140.0 800.0 20.0 10.0 80.0 23.1 3.5 3.3 0.86 20.00 0.50 20.50 20.7 0.5 0.1 0.0 120.0 1.0

NOTES:

All results in milligrams per liter (mg/L) except where indicated
1
 Fecal coliform and pH values are reported as geometric mean.

2
 Fecal coliform and pH values are reported as geometric standard deviation.

Blue-shaded data points indicate the number is greater than reported value.

Gray-shaded data points indicate values below method detection level (mdl), mdl value used for statistical analyses.

Yellow-shaded data points indicate the reported value is between the laboratory method detection limit and the laboratory practical quantitation limit, value used for statistical analysis.

Orange - shaded data points indicate too many colonies were present.  The numberic value represents the dilution factor times the maximum reportable number of colonies.

Operating Period 3

Operating Period 4

Statistics for Operating Period 4




