
Florida Department of Health 
Bureau of Onsite Sewage Programs 
Research Review and Advisory Committee Meeting 

 
 
 
DATE AND TIME:  March 23, 2010 at 9:30 am 
 
PLACE:   via Conference Call: 1-888-808-6959  
              Conference Code: 1454070# 
 

Or 
Florida Department of Health Southwood Complex 
4042 Bald Cypress Way;  Room 240 P 

           Tallahassee, FL 32399 
   
 

This meeting is open to the public 
 
AGENDA:  FINAL  
 
 

1. Introductions and Housekeeping 

2. Review Minutes of Meeting September 10, 2009 

3. Review Minutes of Meeting December 16, 2009 

4. Nitrogen study 

a. Department’s Final Report on Nitrogen Reduction Strategies Study:  Review, Comment, 
and Next Steps 

b. Nitrogen Reduction Strategies Study:  Comment on Deliverables and Next Steps 

5. Section 319 Study Update:   

a. Review of Site Selection Process  

b. Review Final Surveys to Interest Groups 

6. Suwannee Study Update 

7. Discussion on Pollution Prevention Program Grant Proposal Draft 

8. Premature Failure Rates Discussion 

9. Other Business 

10. Public Comment 

11. Closing Comments, Next Meeting, and Adjournment 
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Research Review and Advisory Committee for the Bureau of Onsite Sewage Programs 
 

Approved Minutes of the Meeting held at the Southwood Office Complex, Tallahassee, FL 
March 23, 2010 

Approved by RRAC on 6/10/2010 
 

In attendance:   

 Committee Membership and Alternates:  
 In person: Anthony Gaudio (vice chairman, member, Septic Tank Industry); Carl Ludecke 

(alternate, Home Building Industry); Bill Melton (member, Consumer); Eanix Poole 
(alternate, Consumer) 

 Via teleconference: Sam Averett (alternate, Septic Tank Industry); Quentin (Bob) Beitel 
(alternate, Real Estate Profession); David Carter (chairman, member, Home Building 
Industry); Kim Dove (member, Division of Environmental Health); John Dryden (alternate, 
State University System); Jim Peters (alternate, Professional Engineer); Patti Sanzone 
(member, Environmental Interest Group); John Schert (member, State University System); 
Vince Seibold  (alternate, Local Government); and Pam Tucker (member, Real Estate 
Profession) 

 Not represented:  Restaurant Industry 
 Visitors:  

 In person:  Mark Hooks (Tallahassee Community College); Bruce French (York ISG); 
Brian King (York ISG); Bruce Ritchie (The Florida Tribune) 

 Via teleconference: Damann Anderson (Hazen and Sawyer); Neil Campbell (Florida 
Department of Environmental Protection); Marc Dick (Tallahassee Community College); 
Josefin Edeback (Hazen and Sawyer); Gina Herron; Bruce Higginbotham; Daniel Smith 
(Applied Environmental Technologies); Walter Wood (Lake County) 

 Department of Health (DOH), Bureau of Onsite Sewage Programs:  
 Paul Booher; Dale Holcomb; Debra Roberts; Eberhard Roeder; and Elke Ursin 

 
1. Introductions – Nine out of ten groups were present, representing a quorum.  Chairman Carter 

called the meeting to order at 9:40 a.m.  Introductions were made and some housekeeping issues 
were discussed.   

 
2. Review of Previous Meeting Minutes – The minutes of September 10, 2009 were reviewed. 

Motion by Vincent Seibold and seconded by Eanix Poole to 
approve the minutes as submitted.  All were in favor with none 
opposed and the motion passed unanimously. 
 

The minutes of December 16, 2009 were reviewed.  Anthony Gaudio had some suggestions to 
clarify some of the comments he made during this meeting.   

Motion by Eanix Poole and seconded by Vincent Seibold to 
approve the minutes as corrected.  All were in favor with none 
opposed and the motion passed unanimously. 

 
3. Nitrogen Study 

a. Department’s Final Report on Nitrogen Reduction Strategies Study:  Review, 
Comment, and Next Steps – Elke Ursin introduced the study.  The draft report was 
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submitted to the legislature on March 1, 2010.  The report that was distributed along with 
the material for this meeting included a copy of the March 1st report with some tracked 
changes to show what is proposed in the final report that is due May 1st.  The committee is 
to consider the report and make comments now prior to it going to the legislature.  Specific 
feedback was requested on the following points: 

 Does the committee want the proposed recommendations in the report? 
 Does the committee want to incorporate other research efforts into the report? 

 
Regarding the recommendations, Damann Anderson stated that he has no problem with 
the content of recommendations but pointed out that they do not come as a result of the 
project and it seems premature to include these at this time.  Pam Tucker stated that the 
recommendations should be delayed and considered at a later time.  Eberhard Roeder 
stated that now is as good a time as any to make these recommendations. 

 
There was much discussion on the report and several suggestions were made on how to 
wordsmith the document.  Eberhard Roeder edited the report live on the Adobe Connect 
Pro web conference.   

 
Anthony Gaudio made a motion, seconded by Jim Peters, to 
accept the executive summary of the report with the following 
changes:  

o Move the last paragraph ahead of the recommendations 
o Edit the introduction to the recommendations to clarify that 

the recommendations are from the Department 
o Insert a header to the recommendations section 

The majority were in favor with one opposed (Pam Tucker who did 
not want the recommendations in the executive summary) and the 
motion passed. 

 
Regarding the incorporation of other research efforts into the report, it was decided to add 
a paragraph to the report about these other studies.  Damann Anderson stated that the 
literature review report will be brought up to date before the project is finished. 

 
There was a discussion on the process forward for how to get the report edited and 
approved by the RRAC, and the following motion was passed: 

 
Anthony Gaudio made a motion, seconded by Bill Melton, to 
accept the draft report as final as amended, plus add a paragraph 
on the other research efforts.  All were in favor with none opposed 
and the motion passed unanimously. 

b) Nitrogen Reduction Strategies Study:  Comment on Deliverables and Next Steps – 
An overview was given outlining what has happened since the last meeting. The final 
quality assurance project plans (QAPP) for the passive nitrogen removal study phase II 
and the field and test center sites have been submitted.  The contract amendment to 
update some of the tasks and their associated costs has been executed.  Construction is 
well underway for the test center in Wimauma.  Damann Anderson went over the most 
recent construction progress report and several photos were shown. 
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4. Section 319 Study Update – Elke Ursin introduced the study.  The draft summary report for the 
Monroe County portion of this project is being drafted.  The database is mostly complete 
identifying 16,802 advanced systems in the state.  Summary statistics are being developed.  The 
QAPP for the sampling portion of this project is being finalized.  After an Invitation to Bid had been 
advertised, and several competitive bids came in, a provider was selected based on cost, and the 
contract with the lab has been executed.  The original budgeted cost for this task was over 
$125,000 and the contracted cost ended up being just over $30,000. 

 
a. Review of Site Selection Process – A flowchart was created to outline the sample 

selection process.  This flowchart was discussed.  First a pure random sample was 
selected from all the systems, and then additional systems will be selected as needed 
based on specific subcategories such as treatment method.  700 systems were selected 
which included 600 main sites and 100 backup sites.  From this selection, Monroe County 
was over-represented by 2.7%, which ended up being 19 systems.  Upon discussions 
within DOH and with the grant manager at DEP, it was decided to make the representation 
equal and those 19 systems were replaced with randomly selected non-Monroe County 
sites.  Monroe, Brevard, Charlotte, and Franklin counties were the counties with the 
highest number of systems.  At least one system was selected to be sampled from 53 out 
of 67 counties. 

 
b. Review Final Surveys to Interest Groups – The final surveys for each of the interest 

groups was presented.  The interest groups were system owners and users, regulators, 
engineers, installers, maintenance entities, and manufacturers.  These surveys have been 
mailed out. 

 
5. Town of Suwannee Study – Elke Ursin presented a brief overview of the status of this project.  

The second round of sampling was completed in November and December of 2009.  The provider 
is working on analyzing the results. 

 

6. Pollution Prevention Grant Proposal – Elke Ursin presented on a grant proposal for the EPA’s 
P2 program.  The objective will be to develop and verify best management practices for grease 
reduction and reuse in facilities generating commercial strength sewage waste.  There was a 
discussion on the grant proposal outline. 

Anthony Gaudio made a motion, seconded by Eanix Poole, for 
staff to draft a letter of support and the chairperson for the RRAC 
to sign to submit with the grant application and to have RRAC 
monitor the project on an ongoing basis.  All were in favor with 
none opposed and the motion passed unanimously. 

 
7. Premature Failure Rates and Alternative Drainfield Products – Availability of data on the 

longevity and effectiveness of alternative drainfield projects is limited.  Before diving into a 
contract, staff looked into what kind of information we already have.  Bill Melton gave a brief 
overview of the problem from his perspective as the consumer representative.  Many alternative 
drainfield product manufacturers make certain claims, and it is difficult for the consumer to know 
what claims are true and which are false.  At one time we were going to do a side-by-side study 
and there were some issues with doing this type of study.  Now we are trying to figure out whether 
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the information that DOH captures when issuing a permit can help with making this kind of 
decision.  An outline was developed by staff showing some of the current efforts and issues and 
was submitted to the RRAC in their meeting packets.  This outline was discussed.  Anthony 
Gaudio mentioned that certain things like method of installation are not tracked at all and make a 
big difference in how well the system works.  Dale Holcomb said that this was considered and it 
was determined that every system will have confounding factors like this and maybe the best 
approach is to back away from those types of details.  He said that some of the data may be 
skewed, for example if one product is only used in slightly limited soils it make look like it has a 
great longevity when compared to another type that is installed in both soil types.  The next steps 
were discussed and staff will look into them and get back to RRAC at a future meeting.  
Specifically, some budget numbers and a proposed scope of work will need to be determined. 

 
8. Other Business – FDEP’s Wekiva River Basin Nitrate Sourcing Study report is available.  Also, a 

map of the results from the Inventory Study from last year will soon be available for the public to 
view, search, and download from the FDOH website.  The strategic plan for the research program 
was submitted to the RRAC for information.  This plan is updated yearly.  Quentin Beitel thanked 
the Florida Association of Realtors and Pam Tucker for his recent appointment to the RRAC and 
is looking forward to serving on the RRAC.  The nitrogen study report will be sent to the RRAC 
once it has been finalized. 

 

9. Public Comment – The public were allowed to comment throughout the meeting.   There was no 
public comment. 

 

10. Next Meeting – The next meeting will be scheduled for sometime after the legislative session 
ends.  The meeting location may be at the Gulf Coast Research Facility and/or via 
teleconference/webconference.  The focus of the next meeting will be to discuss the Nitrogen 
Reduction Strategies Study funding and project future as well as discuss current and proposed 
research projects. 

 

Anthony Gaudio made a motion to adjourn, seconded by Bill Melton, 
and the meeting adjourned at 2:50 p.m. 



 
 
 
 
 
 

Final Surveys 
 

EPA 319 Grant:   
 

Advanced Onsite Sewage Systems in Florida 



 
 
  

  
 
Division of Environmental Health, Bureau of Onsite Sewage Programs 
4052 Bald Cypress Way, Bin #A08, Tallahassee, Florida 32399-1713 
  

 
Charlie Crist 
Governor 
 

 Ana M. Viamonte Ros, M.D., M.P.H. 
State Surgeon General 

 

 
 
March 15, 2010 

 
 
«Name» «Suffix» 
«Title» 
Environmental Health 
«County» County Health Department 
«Add1» 
«CityZip» 
 
Dear «Name»: 
 
The Florida State University (FSU) Survey Research Lab is under contract with the Florida Department of Health 
Bureau of Onsite Sewage Programs to conduct a survey of County Health Departments.  The purpose of the survey 
is to learn about the perceptions and practices of local regulators regarding the management of advanced onsite 
sewage treatment and disposal units (OSTDS).  Advanced treatment systems for the purposes of this study include 
aerobic treatment units (ATUs), performance-based treatment systems (PBTS), innovative systems, and sand or 
gravel filters. 
 
The FSU Survey Research Lab will also be gathering information on advanced systems from system owners/users, 
system manufacturers, installers, maintenance entities, and engineers.  The results of these surveys will provide 
the Bureau with critical information to assess and improve wastewater management in the state.   
 
The information you provide is valuable and will assist the Florida Department of Health in planning and 
administering its onsite sewage programs.  Please complete the enclosed form and return it to the FSU Survey 
Research Lab in the postage paid business reply envelope provided for your convenience. 
 
The Florida Department of Health’s Bureau of Onsite Sewage Programs develops and implements statewide rules 
for permitting the installation, maintenance, and repair of OSTDS within the state, including advanced systems.  
The Bureau also manages a state funded research program that applies for and receives grants to conduct 
research on OSTDS in Florida.  This project is funded by a grant from the United States Environmental Protection 
Agency.   
 
Should you have any questions, please feel free to call Ms. Elke Ursin at (850) 245-4070 or contact her by e-mail at 
Elke_Ursin@doh.state.fl.us.   
 
Thank you for your assistance. 
 

Sincerely, 
 
 
Gerald R. Briggs 
Bureau Chief 

 
 

NOTE: Florida has a very broad public records law. Most written communications to or from state officials 
regarding state business are public records available to the public and the media upon request. 
Therefore your responses to this survey may be subject to public disclosure.  
   «track» 
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 Advanced Onsite Systems in Florida: 

Survey of Regulators 

 

 
 

The Florida Department of Health, Division of Environmental Health, Bureau of Onsite Sewage Programs is 
conducting a study to measure the practices and perceptions of regulators about the management of advanced 
onsite sewage treatment and disposal systems (OSTDS).  Advanced treatment systems for the purposes of this 
study include aerobic treatment units (ATUs), performance-based treatment systems (PBTS), innovative systems, 
and sand or gravel filters. Your participation in this study will help us identify the strengths of current practices and 
experiences as well as areas where improvement may be needed.  The FSU Survey Research Laboratory is 
collecting the information for the Bureau.   
 

We appreciate your assistance.  Your opinion is valuable and will assist the Florida Department of Health in 
planning and administering their onsite sewage programs.   

 
The results of this study will be posted on our website:  http://myfloridaeh.com/ostds/research 

 
 

NUMBER OF SYSTEMS 
 

1. How many of the following systems are in your county? 

  Aerobic Treatment Units (ATU) ____________  

  Performance-Based Treatment Systems (PBTS) ____________  

  Sand or Gravel Filters ____________  

  Innovative Systems ____________  

 
 

INSPECTION PERSONNEL 
 

2. 
 

How many FTEs are assigned to conduct ATU/PBTS inspections by your county health 
department? 

  Number of FTEs ____________  

 

3. 
 

Please indicate the number of people in your county health department with the following 
years of experience inspecting advanced systems: 

  Experience Number of People   

  Less than 1 year ____________  

  1 to 2 years ____________  

  3 to 5 years ____________  

  Over 5 years ____________  
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4. 
 

How would you describe turnover of personnel who conduct inspections on advanced systems 
in your county health department? 

  Not a problem   

  Somewhat a problem   

  A Problem   

  A Serious Problem   

  A Very Serious Problem   

 Please describe what, in your opinion, are the major contributors to turnover. 

     

   

 
 

CONTRACTORS AND MAINTENANCE ENTITIES 
 

5. How many CONTRACTORS INSTALL advanced systems in your county? 

  a. Number of Contractors ____________  

  b. Is this number adequate to meet your county’s need?  

    Yes  No    
     
 
 

6. 
 

How many LICENSED MAINTENANCE ENTITIES provide maintenance services for advanced 
systems in your county? 

  
a. 
 

Number of Licensed 
Maintenance Entities 

 
____________ 

 

  b. Is this number adequate to meet your county’s need?  

    Yes  No    
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INFORMATION MANAGEMENT AND RECORDKEEPING 

 
7. 
 
 

Please indicate which of the following methods your county health department uses to 
ENTER AND MAINTAIN INFORMATION (such as design flow, wastewater type, tank sizes, 
manufacturer, model) for each type of advanced system.    [Please   All That Apply.]  

   ATUs PBTS  

   EH Database construction permit records    

   EH Database operating permit records    

   Carmody database    

   Spreadsheets/Tables    

   Paper files    

   Other electronic database(s)    

 
 

8.  
 

How does your county health department keep track of THE MONITORING REQUIREMENTS 
for different types of ATUs and PBTS?    [Please   All That Apply.] 

  
Monitoring Requirement Examples 

ATUs --  >1500 gpd, residential/commercial. 
PBTS -- setback and authorized flow allowance, secondary, advanced secondary, Florida Keys. 

 

  EH Construction database   Look at paper files  

  EH Facilities database   Other [Please Specify.] _______________  

  Carmody database    

  Spreadsheet/table  Monitoring not required  

  Electronic database  County health department does not keep track  
   

 
 

9. 
 

How does your county health department keep track of the MONITORING AND INSPECTION 
RESULTS for ATUs and PBTS? 

  EH database Operating permits   Other [Please Specify.] _______________  

  Carmody database    

  Spreadsheet/table    

  Electronic data base  Monitoring not required  

  Look at paper files  County health department does not keep track  
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10. 
 

How could your county health department RECORDKEEPING PROCESS for advanced 
systems be improved and made more efficient? 

    

    

    
 
 

MONITORING AND SAMPLING 
 

11. 
 

How would you describe the extent to which your county uses sampling to monitor ATU 
and PBTS compliance? 

  Limited sampling  [Please indicate all the reasons that apply.] 

   Sampling not required 

   No access to system 

   Limited staff 

   Limited resources (money) 

   Visual inspection is sufficient to ensure compliance 

   Other [Please Specify.] _________________________________________ 
    

  
 

Sample the systems that look bad when conducting annual inspection or following-up 
on a complaint. 

    

  Sample for special projects. 

    

  
 

Sample a percentage of the systems in the county regularly at least once a year with 
the inspection. [Please indicate the percentage of the systems you sample.] 

   _______________ % of advanced systems sampled 
    

  Sample all systems. 

    

  Other [Please Specify.] _________________________________________ 
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12. 
 

a. 
 

Has your county health department developed a checklist or form to use when 
conducting inspections of advanced systems? 

   Yes   Please attach a copy of the inspection form you use. 

  
 No    

 
b. 
 

What activities are typically included during an inspection? 
[Please   All That Apply.] 

   Do inspection at the same time a maintenance entity is doing a maintenance visit  

   Open tanks to observe inside of system  

   Leave surface undisturbed  

   Open observation port  

   Trigger alarm  

   Trigger pumps   

   Observe that power is on  

   Check that air supply is running  

   Observe if site conditions have changed  

   Observe smell from treatment system   

   Observe sounds from treatment system  

   Record water meter reading  

   Record presence, number, or duration of alarms   

   Observe ponding depth in drainfield   

   Observe wetness in drainfield area   

   Observe and record general appearance of treatment system functioning   

   Check presence and supply of chlorination tablets if system includes them   

   Other: [Please describe.] _______________________________________  

    

 
 

PERMITTING 
 

13.  
 

How common is it to find SUBSTANTIAL CHANGES TO THE PERMITTED DESIGN during 
construction inspections? 

  Rarely  Frequently  

  Sometimes  Most of the Time  
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14. When applications come in who evaluates them?    [Please   All That Apply.]  

    Evaluates Applications 

  
Applications for … 

County Health 
Department 

Engineer 

County Health 
Department 

Staff 
Bureau 

Engineer Other [Please Specify.] 

   ATUs     ______________ 

   PBTS     ______________ 

   Innovative Systems     ______________ 
 

 
15. 
 
 

Knowing that a limited number of INNOVATIVE SYSTEMS APPLICATIONS are allowed to be 
installed, where do you check to find out how many permits for a given system are already 
filed? [Please   All That Apply.] 

  County Health Department files  State Health Office Mediator  

  Applicant  Bureau Engineer  

  Contractor  Other [Please Specify.] _______________  

 
 

16. 
 

Has your county passed any ordinances that require standards for advanced systems that 
are MORE STRINGENT than those required by the State? 

  Yes   Please describe. 

    

   

  No    

     

 
 

COMPLIANCE ENFORCEMENT AND CORRECTIVE ACTION 
 

17. 
 

Please indicate the number of advanced systems in your county that required COMPLIANCE 
ENFORCEMENT action in the past year. 

 a. Number of advanced systems requiring enforcement action. ____________  

 
b. 
 

What percentage of these systems required multiple enforcement or 
corrective actions to achieve compliance? 

___________%  
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18.  COMPLIANCE ENFORCEMENT actions required in the past year were most often due to: 

 
 

 
Paperwork issues such as failure to pay fees on time or failure to 
provide updated paperwork when requested 

  

  Technical / sewage issues such as the system not working correctly   

  Other [Please Specify.] ______________________________   

 
19. 
 

In general, how often is each of the following successful in ACHIEVING COMPLIANCE for 
systems that require corrective action? 

  
Achieve Compliance RARELY 

SOME OF 
THE TIME 

MOST OF 
THE TIME 

ALL OF 
THE TIME 

DON’T 
KNOW 

 

  a. Notice to correct       

  b. Citation/ fine       

  c. Administrative complaint       

  d. Revocation of permit       

  e. Re-engineering of system       

  f. Other [Please Specify.]________       
          

 
 

MAINTENANCE ENTITY PERFORMANCE 
 

20. 
 

Please indicate the percentage of reports submitted by maintenance entities in the following 
format:  

   PERCENT SUBMITTED BY FORMAT  

  
Maintenance Entity Reports 

5% or 
Less 10% 25% 50% 75% 100% 

 

   Paper        

   Carmody Database        

   Other [Please Specify]. __________________        
           

 

21. 
 

How would you rate the OVERALL QUALITY of maintenance entity reports submitted to your 
county? 

  EXCELLENT GOOD FAIR POOR   

        

 
22. 
 

When COMPARING INSPECTION REPORTS about the same system by the maintenance entity 
and the county health department, would you say: 

  Both usually agree 

  Maintenance entity reports usually indicate better performance 

  County inspections usually indicate better performance 

  Depends on maintenance entity 
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23. 
 

How does your county obtain the results of effluent sampling performed by maintenance 
entities?   [Please   All That Apply.] 

  County receives copy from lab  
  Maintenance entity reports results to County Health Department  
  County Health Department does not get reports; maintenance entities keep results  
  Effluent sampling by maintenance entity does not take place  
  Other [Please Specify.] ______________________________________________  
    

 

24. 
 

In customer COMPLAINTS OR COMMENTS related to their maintenance entity, how often do 
customers express concern about: 

  
Customer Complaints RARELY 

SOME OF 
THE TIME 

MOST OF 
THE TIME 

ALL OF 
THE TIME  

 

  Cost of maintenance contract       

  
Being able to choose between 
several maintenance entities  

      

  Level of service       

  Other [Please Specify]. ___________       
          

 
 

TRAINING AND EDUCATION NEEDS 
 

25. 
 

Please tell us about any training needs for county staff, maintenance entities, or consumers 
that you would like to be made available regarding advanced systems. 

 a. County Health Department Staff Education / Training Needs:  

    

 b. Maintenance Entity Education / Training Needs:  

    

 c. Consumer Education / Training Needs:  

    

 d. Installer/Engineer Education / Training Needs:  

    

 e. Manufacturer Education / Training Needs:  
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GENERAL ASSESSMENT 
 
26. How would you rate the OVERALL TREATMENT PERFORMANCE of the systems in your 

county? 

  Type of System EXCELLENT GOOD FAIR POOR 
NO BASIS 
TO JUDGE 

 

  a. ATU       

  b. PBTS       

 
 
27.  Please tell us about what aspects of the advanced system program in Florida are currently 

working well as it relates to construction permitting, design, installation, inspection, 
maintenance, and operating permitting: 

    

    
 

28. 
 

Please tell us about any changes or improvements you would like to see in regards to the 
following: 

 a. ATU regulation, permitting, and management:  

    

    
 b. PBTS regulation, permitting, and management:  

    

 c. Maintenance entity regulation, permitting, and management:  

    

 d. Innovative System regulation, permitting, and management:  

    

    
 d. Sand / Gravel Filter regulation, permitting, and management:  
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BACKGROUND INFORMATION 
Please give us information for contacting you if we have a question. 

 
 

County Health Department : 

Address:  

Phone:  

Fax:  

E-mail:  

Contact Name:  

Position:  

 
Thank you for taking the time to help us with this study. 
Please return the survey in the business reply envelope or fax to: 

 
Fax 

FSU Survey Research Laboratory 
850.644.0792 

 

Use Business Reply Envelope or Mail to: 

FSU Survey Research Laboratory 
Florida State University 

MC 2221 
Tallahassee FL  32306-2221 

 
 
 



Sample Owner Plan-SRL Final Feb24

Sample Name Number
1 ATU Commercial 549
2 ATU Residence 1280
3 ATU Unknown 550
4 Innovative Commercia 9
5 Innovative Resdiential 175
6 Innovative Unknown 0
7 PBTS Commerical 31
8 PBTS Residential 1045
9 PBTS Unknown 156

TOTAL 3795

Commercial Residential Unknown Total
3795

ATU 549 1280 550 2379
Innovative 9 175 0 184

PBTS 31 1045 156 1232

Sample Number

Commercial Residential Unknown

ATU 1 2 3
Innovative 4 5 6

PBTS 7 8 9



 
 
  

  
 
Division of Environmental Health, Bureau of Onsite Sewage Programs 
4052 Bald Cypress Way, Bin #A08, Tallahassee, Florida 32399-1713 
  

 
 March 2010 

 
«FinalName» «occcupant» 
«CompleteStreetAddress» 
«City», Florida «Zip» 
 
Dear Sir/Madam: 
 
You have received this survey because your address is associated with permit files of an onsite sewage treatment 
and disposal system (OSTDS), commonly referred to as a septic tank) that includes advanced treatment, such as 
an aerobic treatment unit or a performance based treatment system.  We would like your views and experiences 
with your advanced treatment system.  The results of this survey will provide the Florida Department of Health with 
critical information to assess and improve wastewater management in Florida. 
 
The Florida State University Survey Research Laboratory is under contract with the Florida Department of Health 
Bureau of Onsite Sewage Programs to conduct this survey.  The Bureau of Onsite Sewage Programs develops and 
implements statewide rules for permitting the installation, maintenance, and repair of OSTDS within Florida, 
including advanced systems.  We will also be gathering information on advanced onsite sewage treatment and 
disposal systems (OSTDS) from system installers, system manufacturers, maintenance entities, engineers, and 
County Health Departments.  More information about the Bureau and the results of these surveys will be made 
available on our website: 
 

http://myfloridaeh.com/ostds/research 
 
Your participation is voluntary, but important and will assist the Department in planning and administering its onsite 
sewage programs.  If you wish to participate, please complete the enclosed survey and return it in the postage paid 
business reply envelope provided for your convenience.  The survey should take about 8 minutes to complete.   
 
Should you have any questions, please feel free to call Ms. Elke Ursin at (850) 245-4070 or contact her by e-mail at 
Elke_Ursin@doh.state.fl.us.   
 
Thank you for your assistance. 
 

Sincerely, 
 
 
Gerald R. Briggs 
Bureau Chief 

 
 
 
 
 
 

NOTE: Florida has a very broad public records law. Most written communications to or from state officials 
regarding state business are public records available to the public and the media upon request. 
Therefore your responses to this survey may be subject to public disclosure.  
   «track» 

 

 

 
Charlie Crist 
Governor 
 

 Ana M. Viamonte Ros, M.D., M.P.H. 
State Surgeon General 
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 Advanced Onsite Systems in Florida: 
Survey of Owners and Users 

 

 
 

The Florida Department of Health, Division of Environmental Health, Bureau of Onsite Sewage Programs is 
conducting a study to measure the practices and perceptions of owners and users about the management of 
advanced onsite sewage treatment and disposal systems (OSTDS).  Advanced treatment systems for the purposes 
of this study include aerobic treatment units (ATUs), performance-based treatment systems (PBTS), innovative 
systems, and sand or gravel filters. Your participation in this study will help us identify the strengths of current 
practices and experiences as well as areas where improvement may be needed.  The FSU Survey Research 
Laboratory is collecting the information for the Bureau.   
 

Your participation is voluntary, but important and will assist the Florida Department of Health in improving 
wastewater management.  If you wish to participate, please complete the enclosed survey and return it in the 
postage paid business reply envelope provided for your convenience.  Thank you for your participation.  

 
The results of this study will be posted on our website:  http://myfloridaeh.com/ostds/research  

 
CHARACTERISTICS OF YOUR ADVANCED ONSITE SEWAGE SYSTEM 

 

1. 
 

You have been identified as having an advanced Onsite Sewage Treatment and Disposal 
System. What type of ADVANCED SYSTEM do you have? 

  Aerobic Treatment Unit 

  Performance-Based Treatment system 

  Sand or gravel filter 

  Innovative System [Please Specify.] _________________________________________ 

  Other [Please Specify.] _________________________________________ 

  Don’t Know 
     

  No, my home/business does not have a septic system  

 
 My home/business does not have an ADVANCED 

system 
[standard septic tank, drainfield system] 

 

Please return the survey in the 
envelope provided. 
 
 

     

 
 

2. Please provide the name of your system’s manufacturer. 

  Manufacturer of system ____________________________________ 

  Don’t know the name of the manufacturer 

 
 

3. When was your system installed? 

  Within the past year 6  to 10 years ago 

  2 to 3 years ago More than 10 years ago 

  4 to 5 years ago Don’t Know 
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OPERATION AND MAINTENANCE 
 
4. 
 

How many times have you experienced problems with your sewage system  
over the PAST YEAR? 

  Never Several Times 
  Once or Twice Just about weekly 

 

5. 
 

Within the LAST 5 YEARS, have you had any of the following problems? 
[Please  all that apply.] 

  Sewage on ground Tank damaged 
  Plumbing backup Parts broken/ system stopped working 
  Drainfield damaged D-box/ header damaged 
  Other [Please Specify.] _________________________________________ 

   

  No problems in the last 5 years 
 

6. 
 

If you experienced problems, what was the CAUSE OF PROBLEMS? 
[Please  all that apply.] 

  System damage System malfunction 
  Water table too high Too much water (hydraulic overload) 
  Weather/ flooding Inadequate drainage (area too wet) 
  Roots Soils 
  Other [Please Specify.] _________________________________________ 

   

  No problems in the last 5 years 

 

7. Who do you USUALLY rely on to fix problems with your system? 

  Self Septic tank contractor/ plumber 
  Maintenance entity County Health Department 

  Other [Please Specify.] _________________________________________ 

 

8. How satisfied are you with the way problems with your system are handled? 

  Very Satisfied  Satisfied  Dissatisfied Very Dissatisfied   
     

  Other [Please Specify.] _________________________________________ 

 
ASSESSMENT OF YOUR ADVANCED SYSTEM 

 

9. 
 

How would you describe your overall satisfaction with your advanced onsite sewage 
system (septic system)? 

  Very Satisfied  Satisfied  Dissatisfied Very Dissatisfied   

 

10. 
 

In your opinion, what is the GREATEST ADVANTAGE of having one of these systems? 
[Please   One.] 

  Low cost Not being hooked up to sewer system 
  Cleaner wastewater Increased options for building on lot 
  System will last longer  [possible to build what we want to build on lot] 

  Other [Please Specify.] _________________________________________ 
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11. If cost was equal, would you prefer to: 

  Continue to use an advanced onsite system 
  Hookup to a municipal/ county sewer system 

 
 Use simpler conventional septic system and pay savings into a water quality improvement 

trust fund 
 
 

SYSTEM INSPECTION AND MONITORING 
 

12. Do you periodically inspect your own system? 

  Yes, at least every few months 
  Yes, about once or twice a year 

  No, I don’t inspect it at all 

 

13.  How often is your onsite septic system inspected by your MAINTENANCE ENTITY? 

  Never Twice a year 
  Only when there is a problem 3 or more times a year 
  Less than 2 times a year Don’t Know 

   

  I don’t have a maintenance entity 

 

14. Are you informed of the RESULTS OF INSPECTIONS conducted by:  

  Yes No   

 County Health Department     

 Maintenance entity     
      
  I don’t have a maintenance entity 

 
 

EDUCATION ABOUT YOUR ADVANCED SYSTEM 
 

15. 
 

What way would you prefer to receive INFORMATION FROM YOUR COUNTY HEALTH 
DEPARTMENT about your advanced onsite system?  [Please  all that apply.] 

  Mailed brochures TV/ Radio 
  Utility bill inserts Information posted on department website 
  E-mails Public meetings/ workshops 
  Newspapers Presentations to civic groups (e.g., Rotary Club) 

  Other [Please Specify.]  ____________________________________ 

 

16. 
 

Please tell us about topics related to advanced onsite systems that you would like to learn 
more about. 
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OPERATING PERMITS AND MAINTENANCE FOR ADVANCED ONSITE SEWAGE SYSTEMS 

 

17. How difficult was it to find a maintenance entity for your system? 

  Very difficult to find 
  Somewhat difficult to find 

  Not difficult at all 
   

  I don’t have a maintenance entity 

 

18. What do you estimate is the COST of your: 

 a. Operating permits and maintenance contract (agreement) for one year $ ___________ 

 b. Repairs and other items not covered by your maintenance contract last year $ ___________ 

 

19. 
 

How would you rate your satisfaction with the services provided by your maintenance 
entity? 

  Very Satisfied  Satisfied  Dissatisfied Very Dissatisfied   
     

  No basis to judge   

  Other [Please Specify.] _________________________________________ 

 

20. 
 

When your current agreement comes up for renewal will you:   
[Please  all that apply.] 

  Renew maintenance agreement with same entity 

  Switch to a different maintenance entity because of price 

  Switch to a different maintenance entity because of low level of service 

  I would like to switch but there is no alternative 
  Other [Please Specify.] _________________________________________ 
   

 

21. 
 
 

If you had your choice, who would you PREFER TO DEAL WITH the permitting and 
maintenance of your advanced onsite system?  
 [Please  One.] 

 
 Utility-type entity owns the system and charges monthly cost that includes all maintenance, 

repairs, replacement, operating permit, etc.  

 
 Utility-type entity charges monthly cost that includes all maintenance, repairs, replacement, 

operating permit, etc. You remain the owner of the system. 

 
 Maintenance entity that charges monthly cost for standard maintenance and operating 

permits.  Repairs are extra. 

 
 Maintenance entity that charges for maintenance and operating permits in one lump sum when 

they are due.  Repairs are extra. 

  Do-it-yourself, with help by contractors as needed. 

  Other [Please Specify.] _________________________________________ 
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GENERAL COMMENTS 
 

22. 
 
 

Please tell us about any changes or improvements you would like to see related to the 
regulation, permitting and management of advanced onsite sewage treatment and disposal 
systems in the State of Florida:  

  

 
 

BACKGROUND INFORMATION 
 

     

 
In what COUNTY is your system located?    

 
How many months of the year is this 
SYSTEM IN USE? 

 

  ___________________   ________________months a year  
       
       

 Do you OWN OR RENT the property?      Your SYSTEM SERVES a…..  

  Own   Single family house  
  Rent   Duplex/ apartment/ condominium  
     Modular/ Mobile home  

 
Are you a FULL TIME or SEASONAL 
resident? 

  Business  

  Full Time   Other [Please Specify.]: 
_________________ 

 

  Seasonal     

 HOW MANY people use your system?  In what year were you BORN?  

  __________ people    ___________________  
      

 You are:    
  Female     
  Male     
       

 
What is the highest grade or year of school 
you have COMPLETED? 

 
Which of the following best describes 
your TOTAL HOUSEHOLD INCOME in 
2009? 

  8 years or less   Under $15,000  
  9 to 11 years    $ 15,000 to $25,000  
  High school    $25,001 to $45,000  
  Business or technical school    $45,001 to $65,000  
  Community college    $65,001 to $85,000  

  Completed college    $85,001 to $100,000  

  Graduate or professional school    Over $100,000  

       
 

Thank you for your participation. 
 

Please Return This Survey in the Business Reply Envelope  
or Mail to: 

FSU Survey Research Laboratory 
Florida State University 

MC 2221 
Tallahassee FL  32306-2221 

 



 
Charlie Crist 
Governor 
 

 Ana M. Viamonte Ros, M.D., M.P.H. 
State Surgeon General 

 

 
March, 2010 

 
Letter to Engineers 
 
 
The Florida State University (FSU) Survey Research Lab is under contract with the Florida Department of Health 
Bureau of Onsite Sewage Programs to conduct a survey of engineers who design advanced onsite sewage 
treatment and disposal systems (OSTDS).  Advanced treatment systems for the purposes of this study include 
aerobic treatment units (ATUs), performance-based treatment systems (PBTS), innovative systems, and sand or 
gravel filters. The purpose of the survey is to learn about the perceptions and practices of system engineers 
regarding the management of advanced OSTDS.   
 
The FSU Survey Research Lab will also be gathering information on advanced OSTDS from system owners/users, 
system manufacturers, system installers, maintenance entities, and County Health Departments.  The results of 
these surveys will provide the Bureau with critical information to assess and improve wastewater management in 
the state.   
 
Your participation is voluntary, but important and will assist the Department in planning and administering its onsite 
sewage programs.  If you wish to participate, please complete the enclosed survey and return it in the postage paid 
business reply envelope provided for your convenience.   
 
The Florida Department of Health’s Bureau of Onsite Sewage Programs develops and implements statewide rules 
for permitting the installation, maintenance, and repair of OSTDS within the state, including advanced systems.  
The Bureau also manages a state funded research program that applies for and receives grants to conduct 
research on OSTDS in Florida.  This project is funded by a grant from the United States Environmental Protection 
Agency. 
 
Should you have any questions, please feel free to call Ms. Elke Ursin at (850) 245-4070 or contact her by e-mail at 
Elke_Ursin@doh.state.fl.us.   
 
Thank you for your assistance. 
 

 
 
  

  
 
Division of Environmental Health, Bureau of Onsite Sewage Programs 
4052 Bald Cypress Way, Bin #A08, Tallahassee, Florida 32399-1713 
  

Sincerely, 
 
 
 
Gerald R. Briggs 
Bureau Chief 
 
 
 
 

NOTE: Florida has a very broad public records law. Most written communications to or from state officials 
regarding state business are public records available to the public and the media upon request. 
Therefore your responses to this survey may be subject to public disclosure.  
 

 

 



 

 
 Advanced Onsite Systems in Florida: 

Survey of Engineers 

 

 
 

The Florida Department of Health, Division of Environmental Health, Bureau of Onsite Sewage Programs is 
conducting a study to measure the practices and perceptions of engineers about the management of advanced 
onsite sewage treatment and disposal systems (OSTDS).  Advanced treatment systems for the purposes of this 
study include aerobic treatment units (ATUs), performance-based treatment systems (PBTS), innovative systems, 
and sand or gravel filters. Your participation in this study will help us identify the strengths of current practices and 
experiences as well as areas where improvement may be needed.  The FSU Survey Research Laboratory is 
collecting the information for the Bureau.   
 

Your participation is voluntary, but important and will assist the Florida Department of Health in improving 
wastewater management.  If you wish to participate, please complete the enclosed survey and return it in the 
postage paid business reply envelope provided for your convenience.  Thank you for your participation.  

 
The results of this study will be posted on our website:  http://myfloridaeh.com/ostds/research 
 

SYSTEMS DESIGNED 
 

1. 
 

Does your firm/company design advanced treatment systems such as aerobic treatment 
units (ATUs), performance-based treatment systems (PBTS), and/or innovative systems? 

 
 

 
NO 
 

Please tell us why you do not work on advanced systems and skip to Question 10 
in the Training and Education Needs Section on page 5. 

 
 

  
 
 

 

      

  YES   [Please answer the following.] 

 
 

 
a. 
 

Please list the TYPES AND MANUFACTURERS of the advanced treatment 
systems normally used in your designs. 

 

 

    

      

   b. What are the reasons you design the systems listed above?  
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c. 
 

How many of the following systems did your company  
DESIGN FOR USE IN FLORIDA during the last year?  

    Type of System Number of Systems 

    
Aerobic Treatment Unit (ATU ) [Aerobic 
Treatment Unit only, i.e. not part of a PBTS] _________  systems 

    
Performance-Based Treatment System (PBTS), 
[Not counting innovative systems] _________  systems 

    Innovative Systems _________  systems 

    Sand or Gravel Filters _________  systems 
      

 
 

 
d. 
 

What percentage of your company’s annual revenue comes from DESIGNING 
ADVANCED SYSTEMS FOR USE IN FLORIDA? 

       ___________%  of annual company revenue 
   

 
 

PERMITTING AND OPERATION 
 
2. 
 

Do you normally handle construction and operating permitting with the County Health 
Department for the advanced systems that you design? 

  Yes  [Please answer the following] 

 
 HOW MANY DAYS does it typically take from filing a construction permit application to 

construction permit issuance? 
 

  ATU only ____________ Innovative Systems ____________ 

  PBTS ____________ Sand or Gravel Filters ____________ 

   

  No   Please tell us who handles permits for the advanced systems you design. 

     

     

 

3.  
 

How common is it to find SUBSTANTIAL CHANGES TO THE PERMITTED DESIGN during 
construction inspections? 

  Rarely  
  Sometimes  
  Frequently  
  Most of the Time  
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4. 
 
 

How often does your firm/company have to re-engineer one of its designs for an advanced 
system in Florida because the system had problems that occurred after the installation was 
complete? 

   Rarely  

   Some of the time  

   Most of the time  

   All of the time  

 
 
5. 
  

How often is each of the following a reason one of your advanced system designs needs to be 
re-engineered? 

  
Reason for Re-engineering RARELY 

SOME OF 
THE TIME 

MOST OF 
THE TIME 

ALL OF 
THE TIME 

DON’T 
KNOW 

 

  a. Homeowner misuse       

  
b. 
 

Malfunctioning treatment 
system parts 

      

  c. Engineer design       

  d. Installation       

  e. Dosing Pump Failure       

  f. Drainfield Failure       

  g. Other [Please Specify.]       
 
 

6. 
 

How would you rate the OVERALL TREATMENT PERFORMANCE of the systems you have 
designed: 

  Type of Advanced System EXCELLENT GOOD FAIR POOR 
NO BASIS 
TO JUDGE  

  a. ATU       
  b. PBTS       
 
 

MAINTENANCE, MONITORING, AND SAMPLING 
 

7.  Do you require sampling for the advanced systems you design? 

  YES    Please tell us about the reasons sampling is required, and what sampling frequency you 
recommend. 

     

     

  NO   Please tell us about the reasons sampling is not required. 
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8. 
 
 

In the operation and maintenance manual for a performance-based treatment system or similar 
system, which tasks do you usually specify for the maintenance entity to perform? [Please  all 
that apply.] 

  Forms and Checklists   Assessment of Operating Conditions 

 
 Work through a manufacturer’s or 

distributor’s check list 
  Check clarity of water in treatment tank/clarifier  

 
 Work through the engineer’s check list if 

engineered-designed 
  Check for smell from treatment system  

 
 Work through the County Health 

Department’s check list 
  Check sounds from treatment system 

 
 Work through own check list   Measure sludge accumulation 

 
 

 
System Access 

  Check how well solids settle in aerobic treatment 
chamber 

 
 Open covers to observe aerobic treatment 

chamber 
  Record water meter reading 

 
 Open covers to observe trash 

tank/compartment 
  Record number of dosing events or pump runtime (for 

dosed systems)  

 
 Open covers to observe clarifier/dosing tank   Record presence, number, or duration of alarms  

 
 Leave surface undisturbed   Check and record pressure (drip systems)  

 
 Open observation port   Check ponding depth in drainfield  

 
 

 
Equipment Checks 

  Check wetness in drainfield area  

 
 Trigger alarm   Check presence and supply of chlorination tablets if 

system includes them  

 
 Trigger pumps    Observe and record general appearance of treatment 

system functioning  

 
 Check that air supply is running    

  Maintenance Actions    Assessment of Effluent Quality 

 
 Inspect/clean effluent filter   Observe clarity of effluent in observation port  

 
 Inspect/clean air filter   Use test strips to assess effluent concentrations  

 
 Inspect/clean air diffusers   Use chemistry kits to assess effluent concentrations 

 
 Pump tank(s) every _____ years   Take effluent samples for laboratory analysis  

 
 Replace parts   Take groundwater samples  

  Other [Please describe.]     

 

      

      

Survey of Engineers   Page 4 



 
CONTACT WITH OTHER ENTITIES 

 
 

9. 
 

To what extent does your firm/company INTERACT WITH EACH OF THE FOLLOWING ENITITIES 
CONCERNING THE ADVANCED SYSTEMS YOUR FIRM DESIGNS? 

 
Entity 

RARELY 
INTERACT 

SOME 
OF THE 

TIME 
MOST OF 
THE TIME 

ALL OF 
THE TIME OTHER [PLEASE SPECIFY.]  

 
a. 
 

Maintenance Entities 
for systems 

     __________________  

 b. Owners of systems      __________________  

 
c. 
 

County Health 
Department Staff 

     __________________  

 
d. 
 

Manufacturers of 
system components 

     __________________  

 e. Installers of systems      __________________  

          
 
 
 

TRAINING AND EDUCATION NEEDS 
 

10. 
 

Please tell us about educational/training opportunities related to advanced systems that you 
would like to be made available to individuals in your profession. 
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GENERAL ASSESSMENT 

 
11. 
 
  

Please tell us about what aspects of the advanced system program in Florida are currently 
working well as it relates to construction permitting, design, installation, inspection, 
maintenance, and operating permitting: 

    

    

 
 

12.  Please tell us about any changes or improvements you would like to see to the following: 

 a. ATU regulation, permitting, and management:  

    

    
 b. PBTS regulation, permitting, and management:  

    

 c. Maintenance entity regulation, permitting, and management:  

    

 
d. Innovative System and/or Sand or Gravel Filter regulation, permitting, and 

management: 
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BACKGROUND INFORMATION 
Please give us information for contacting you if we have a question. 

 
 

Name of Your Firm : 

Address:  

Phone:  

Fax:  

E-mail:  

Contact Name:  

Position:  

 
Thank you for taking the time to help us with this study. 
Please return this survey in the business reply envelope or fax to: 

 
Fax 

FSU Survey Research Laboratory 
850.644.0792 

 

Use Business Reply Envelope or Mail to: 

FSU Survey Research Laboratory 
Florida State University 

MC 2221 
Tallahassee FL  32306-2221 

 
 
 



 
Charlie Crist 
Governor 
 

 Ana M. Viamonte Ros, M.D., M.P.H. 
State Surgeon General 

 

 
March, 2010 

 
Letter to Installers 
 
 
The Florida State University (FSU) Survey Research Lab is under contract with the Florida Department of Health 
Bureau of Onsite Sewage Programs to conduct a survey of contractors who install advanced onsite sewage 
treatment and disposal systems (OSTDS).  Advanced treatment systems for the purposes of this study include 
aerobic treatment units (ATUs), performance-based treatment systems (PBTS), innovative systems, and sand or 
gravel filters.  The purpose of the survey is to learn about the perceptions and practices of system installers 
regarding the management of advanced OSTDS.   
 
The FSU Survey Research Lab will also be gathering information on advanced OSTDS from system owners/users, 
system manufacturers, maintenance entities, system engineers, and County Health Departments.  The results of 
these surveys will provide the Bureau with critical information to assess and improve wastewater management in 
the state.   
 
Your participation is voluntary, but important and will assist the Department in planning and administering its onsite 
sewage programs.  If you wish to participate, please complete the enclosed survey and return it in the postage paid 
business reply envelope provided for your convenience.   
 
The Florida Department of Health’s Bureau of Onsite Sewage Programs develops and implements statewide rules 
for permitting the installation, maintenance, and repair of OSTDS within the state, including advanced systems.  
The Bureau also manages a state funded research program that applies for and receives grants to conduct 
research on OSTDS in Florida.  This project is funded by a grant from the United States Environmental Protection 
Agency. 
 
 
Should you have any questions, please feel free to call Ms. Elke Ursin at (850) 245-4070 or contact her by e-mail at 
Elke_Ursin@doh.state.fl.us.   
 
Thank you for your assistance. 
 

Sincerely, 

 
 
  

  
 
Division of Environmental Health, Bureau of Onsite Sewage Programs 
4052 Bald Cypress Way, Bin #A08, Tallahassee, Florida 32399-1713 
  

 
 
 
Gerald R. Briggs 
Bureau Chief 
 
 
 

NOTE: Florida has a very broad public records law. Most written communications to or from state officials 
regarding state business are public records available to the public and the media upon request. 
Therefore your responses to this survey may be subject to public disclosure.  
 

 

 



  

 Advanced Onsite Systems in Florida: 
Survey of Installers 

 

 
 

The Florida Department of Health, Division of Environmental Health, Bureau of Onsite Sewage Programs is 
conducting a study to measure the practices and perceptions of installers about the management of advanced 
onsite sewage treatment and disposal systems (OSTDS).  Advanced treatment systems for the purposes of this 
study include aerobic treatment units (ATUs), performance-based treatment systems (PBTS), innovative systems, 
and sand or gravel filters. Your participation in this study will help us identify the strengths of current practices and 
experiences as well as areas where improvement may be needed.  The FSU Survey Research Laboratory is 
collecting the information for the Bureau.   
 

Your participation is voluntary, but important and will assist the Florida Department of Health in improving 
wastewater management.  If you wish to participate, please complete the enclosed survey and return it in the 
postage paid business reply envelope provided for your convenience.  Thank you for your participation.  

 
The results of this study will be posted on our website:  http://myfloridaeh.com/ostds/research  
 

SYSTEMS INSTALLED 
 

1. 
 
 

Does your company install advanced treatment systems, such as aerobic treatment units 
(ATUs), performance-based treatment systems (PBTS), sand or gravel filters, and/or 
innovative systems? 

  YES   [Please answer the following.] 

 
 

 
a. 
 

Please list the TYPES AND MANUFACTURERS of the advanced treatment 
systems your company is certified to install. 

 
 

    

      

   b. What are the reasons you install the systems listed above?  

 
 

    

      

   
c. 
 

How many of the following systems did your company  
INSTALL IN FLORIDA during the last year?  

     Aerobic Treatment Unit (ATU only, i.e. not part of a PBTS) _________  systems 

     
Performance-Based Treatment System (PBTS), not 
counting innovative systems 

_________  systems 

     Innovative Systems _________  systems 

     Sand or Gravel Filters _________  systems 
      

 
 

 
d. 
 

What percentage of your company’s annual revenue comes from INSTALLING 
ADVANCED SYSTEMS IN FLORIDA? 

     ___________% of annual company revenue 
      

  NO - Please tell us why you do not install advanced systems. 
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2. Are you a MAINTENANCE ENTITY? 

  YES   

  NO - Please tell us why you are not a maintenance entity. 

 

 

    

      
 

REPAIR 
 
3. 
 

Please estimate the average number of repair calls your company performs per year for a 
typical system. 

   ATU only ____________ 

   PBTS ____________ 

   Innovative Systems ____________ 

   Sand or Gravel Filters ____________ 

 
 

4. 
 

How often are each of the following a REASON FOR FAILURE OR PROBLEMS with  
the systems you install? 

  
Reason for Failure or Problems NEVER 

SOME OF 
THE TIME 

MOST OF 
THE TIME 

ALL OF 
THE TIME 

DON’T 
KNOW 

 

  a. Homeowner misuse       

  
b. Malfunctioning treatment system 

parts 
      

  c. Engineer design       

  d. Installation       

  e. Dosing Pump Failure       

  f. Drainfield Failure       

  g. Power to unit turned off       

  h. Other [Please Specify.] ________       
          
 

5. How would you rate the OVERALL TREATMENT PERFORMANCE of the systems you install? 

  Type of System Installed EXCELLENT GOOD FAIR POOR 
NO BASIS 
TO JUDGE 

 

  a. ATU       

  b. PBTS       

  c. Innovative Systems       

  d. Sand or Gravel Filters       
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CONTACT WITH OTHER ENTITIES 

 

6. 
 

To what extent does your firm/company INTERACT WITH EACH OF THE FOLLOWING ENITITIES 
CONCERNING THE ADVANCED SYSTEMS YOU INSTALL? 

 
Entity 

RARELY 
INTERACT 

SOME 
OF THE 

TIME 

MOST OF 
THE 
TIME 

ALL OF 
THE 
TIME 

OTHER [PLEASE SPECIFY.] 
 

 a.  Owners of systems      __________________  

 
b. 
 

County Health 
Department Staff 

     __________________  

 
c.  Manufacturers of 

system components 
     __________________  

 
d.  
 

Engineers of the 
systems you install 

     __________________  

         

 
e. 
 

Maintenance Entities 
for systems 

    WE ARE THE 
MAINTENANCE ENTITY    

 
 

7. 
 

What method does your company use to determine CUSTOMER SATISFACTION WITH THE 
PERFORMANCE of the advanced systems you install?   [Please  all that apply.] 

   Track customer complaints received  

   Leave card for customer comments with service call/inspection  

   Questionnaire sent with bill  

   Don’t keep track  

   Other [Please Specify.] _________________________________________  

 
8. 
 

Do you normally handle construction and operating permitting with the County Health 
Department for the systems you install? 

  Yes 

 
 

 
How many days does it typically take from filing a construction permit application 
to construction permit issuance? 
 

   ATU only ____________ Innovative Systems ____________ 

   PBTS ____________ Sand or Gravel Filters ____________ 

   

  No   Please tell us who handles permitting for the systems you install? 
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INFORMATION MANAGEMENT 

 

9. 
 

Which system or method do you use for accessing and keeping information on the 
advanced systems you install?   

  Carmody Database  Contact county health department when needed  
  Spreadsheets and tables  Other [Please Specify.] ___________  
  Paper filing system    
    

 
 

TRAINING AND EDUCATION NEEDS 
 

10. 
 

Please tell us about training opportunities related to ATUs and PBTS that you would like to be 
made available to your company personnel. 

    

    

 
 

GENERAL ASSESSMENT 
 

11. 
 
 

Please tell us about what aspects of the advanced system program in Florida are currently 
working well as it relates to construction permitting, design, installation, inspection, 
maintenance, and operating permitting: 
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12. Please tell us about any changes or improvements you would like to see to the following: 

 a. ATU regulation, permitting, and management:  

    

    

 b. PBTS regulation, permitting, and management:  

    

    

 c. Innovative System regulation, permitting, and management:  

    

    

 d. Sand or Gravel Filter regulation, permitting, and management:  

    

    

 e. Maintenance entity regulation, permitting, and management:  

    

    

 
 

BACKGROUND INFORMATION 
Please give us information for contacting you if we have a question. 

 
 

Name of Your Business : 

Address:  

Phone:  

Fax:  

E-mail:  

Contact Name:  

Position:  

 
Thank you for taking the time to help us with this study. 

Please return this survey in the business reply envelope or fax to: 
 

Fax 
FSU Survey Research Laboratory 

850.644.0792 
Use Business Reply Envelope or Mail to: 

FSU Survey Research Laboratory 
Florida State University 

MC 2221 
Tallahassee FL  32306-2221 

 



 
Charlie Crist 
Governor 
 

 Ana M. Viamonte Ros, M.D., M.P.H. 
State Surgeon General 

 

 
March, 2010 

 
Letter to Maintenance Entities 
 
 
The Florida State University (FSU) Survey Research Lab is under contract with the Florida Department of Health 
Bureau of Onsite Sewage Programs to conduct a survey of contractors who are maintenance entities for advanced 
onsite sewage treatment and disposal systems (OSTDS).  Advanced treatment systems for the purposes of this 
study include aerobic treatment units (ATUs), performance-based treatment systems (PBTS), innovative systems, 
and sand or gravel filters.  The purpose of the survey is to learn about the perceptions and practices of system 
maintenance entities regarding the management of advanced OSTDS.   
 
The FSU Survey Research Lab will also be gathering information on advanced OSTDS from system owners/users, 
system manufacturers, system installers, system engineers, and County Health Departments.  The results of these 
surveys will provide the Bureau with critical information to assess and improve wastewater management in the 
state. 
 
Your participation is voluntary, but important and will assist the Department in planning and administering its onsite 
sewage programs.  If you wish to participate, please complete the enclosed survey and return it in the postage paid 
business reply envelope provided for your convenience. 
 
The Florida Department of Health’s Bureau of Onsite Sewage Programs develops and implements statewide rules 
for permitting the installation, maintenance, and repair of OSTDS within the state, including advanced systems.  
The Bureau also manages a state funded research program that applies for and receives grants to conduct 
research on OSTDS in Florida.  This project is funded by a grant from the United States Environmental Protection 
Agency. 
 
Should you have any questions, please feel free to call Ms. Elke Ursin at (850) 245-4070 or contact her by e-mail at 
Elke_Ursin@doh.state.fl.us.   
 
Thank you for your assistance. 
 

Sincerely, 

 
 
  

  
 
Division of Environmental Health, Bureau of Onsite Sewage Programs 
4052 Bald Cypress Way, Bin #A08, Tallahassee, Florida 32399-1713 
  

 
 
 
Gerald R. Briggs 
Bureau Chief 
 
 
 
 

NOTE: Florida has a very broad public records law. Most written communications to or from state officials 
regarding state business are public records available to the public and the media upon request. 
Therefore your responses to this survey may be subject to public disclosure.  
 

 

 



 Advanced Onsite Systems in Florida: 
Survey of Maintenance Entities 

 

 
 

The Florida Department of Health, Division of Environmental Health, Bureau of Onsite Sewage Programs is 
conducting a study to measure the practices and perceptions of maintenance entities about the management of 
advanced onsite sewage treatment and disposal systems (OSTDS).  Advanced treatment systems for the purposes 
of this study include aerobic treatment units (ATUs), performance-based treatment systems (PBTS), innovative 
systems, and sand or gravel filters. Your participation in this study will help us identify the strengths of current 
practices and experiences as well as areas where improvement may be needed.  The FSU Survey Research 
Laboratory is collecting the information for the Bureau.   
 

Your participation is voluntary, but important and will assist the Florida Department of Health in improving 
wastewater management.  If you wish to participate, please complete the enclosed survey and return it in the 
postage paid business reply envelope provided for your convenience.  Thank you for your participation.  
 

The results of this study will be posted on our website:  http://myfloridaeh.com/ostds/research  
 

AMOUNT OF MAINTENANCE WORK 
 

1. 
 

How many, and what types, of the following advanced onsite systems do you 
maintain: 

 
a. 
 

How many Aerobic Treatment Units * does your company MAINTAIN in Florida at this time? 
*This question pertains to ATU only systems, i.e. units that are NOT a component of a PBTS 

    

   Aerobic Treatment Unit (ATU ) _________  units/systems 
    

 
 

 Please list the TYPES AND MANUFACTURERS of the ATUs your company maintains in 
Florida. 

 

 
 

   

    

 
b. 
 

How many PBTS * units does your company MAINTAIN in Florida at this time?  
* This question includes ATU’s used as part of a PBTS 

 

    

   Performance-Based Treatment System (PBTS) _________  units/systems 
    

 
 

 
Please list the TYPES AND MANUFACTURERS of the PBTS your company maintains in 
Florida. 

 

 
 

   

    

 
c. 
 

How many INNOVATIVE SYSTEM * units does your company MAINTAIN in Florida at 
this time?   * This question includes ATU’s used as part of an INNOVATIVE SYSTEM 

 

    

   Innovative System _________  units/systems 
    

 
 

 Please list the TYPES AND MANUFACTURERS of the INNOVATIVE SYSTEMS your company 
maintains in Florida. 
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2. 
 

What percentage of your company’s annual revenue comes from MAINTAINING advanced 
units/systems (ATUs, PBTS, and Innovative Systems) in Florida? 

  ___________%  of annual company revenue 

 
 

MAINTENANCE CONTRACTS 
 

3. How often do you bill your maintenance contract customers? 

  Yearly  Every Month  
  Quarterly  Other [Please Specify.] _______________________  
    

 

4. What is the average annual fee you charge your maintenance contract customers? 

  Average Annual Maintenance Contract $ ______________________________  
    

 

5. 
 

What services are covered by the annual contract fee you charge? 
[Please  all that apply.] 

  Required inspections  Routine maintenance  
  Replacement of parts  Sampling  
  Replacement of system  Other [Please Specify.] _______________________  
    

 

6. How often do you INSPECT a system as part of the maintenance contract? 

  Three or more times a year  Depends on type of unit  
  Twice a year    
  Less than twice a year  Other [Please Specify.] ______________________  
    

 
7. 
 

Please estimate the average number of NON-ROUTINE service and repair visits per year for 
a typical system: 

  ATU only ____________  

  PBTS ____________  

  Innovative ____________  

 

8. 
 

What method does your company use to keep customers informed about their system’s 
performance?   [Please  all that apply.] 

  Give customer copy of inspection report   
  Leave notice of inspection visit at home  
  Contact customer only if there is a problem with their system that requires corrective action  
  Other [Please Specify.] ______________________  
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MAINTENANCE, MONITORING, AND SAMPLING 
 

9. 
 

When you or your staff performs a maintenance inspection, what is usually done?  
[Please  all that apply.] 

  Forms and Checklists   Assessment of Operating Conditions 

 
 Work through a manufacturer’s or 

distributor’s check list 
  Check clarity of water in treatment tank/clarifier  

 
 Work through the engineer’s check list if 

engineered-designed 
  Check for smell from treatment system  

 
 Work through the County Health 

Department’s check list 
  Check sounds from treatment system 

 
 Work through own check list   Measure sludge accumulation 

 
 

 
System Access 

  Check how well solids settle in aerobic treatment 
chamber 

 
 Open covers to observe aerobic treatment 

chamber 
  Record water meter reading 

 
 Open covers to observe trash 

tank/compartment 
  Record number of dosing events or pump runtime 

(for dosed systems)  

 
 Open covers to observe clarifier/dosing tank   Record presence, number, or duration of alarms  

 
 Leave surface undisturbed   Check and record pressure (drip systems)  

 
 Open observation port   Check ponding depth in drainfield  

 
 

 
Equipment Checks 

  Check wetness in drainfield area  

 
 Trigger alarm   Check presence and supply of chlorination tablets 

if system includes them  

 
 Trigger pumps    Observe and record general appearance of 

treatment system functioning  

 
 Check that air supply is running    

  Maintenance Actions    Assessment of Effluent Quality 

 
 Inspect/clean effluent filter   Observe clarity of effluent in observation port  

 
 Inspect/clean air filter   Use test strips to assess effluent concentrations  

 
 Inspect/clean air diffusers   Use chemistry kits to assess effluent 

concentrations 

 
 Pump tank(s) every _____ years   Take effluent samples for laboratory analysis  

 
 Replace parts   Take groundwater samples  

  Other [Please describe.]     
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10. Do you take samples from any of the advanced systems you service? 

  YES   [Please answer the following.] 
   

 a. What conditions trigger taking a sample?  [Please  all that apply.] 

   Permit requirement  Odor/ color of effluent 
   Standard business practice  Other [Please Specify.] _______________ 
      

 b. Who performs sampling for lab analysis of the advanced systems you maintain? 

   My company does sampling 

   Other entity does sampling  [Please Specify.] ______________________ 

   Sampling is not required/performed on maintained systems 

   

 
c. How often do samples or observations during maintenance inspections show that the 

advanced systems are out of compliance? 
   Rarely  Most of the time 
   Some of the time  All of the time 
       

  NO 
       

 
 

11. 
 

How often are each of the following a REASON FOR FAILURE OR PROBLEMS with  
the systems you maintain? 

  
Reason for Failure or Problems NEVER 

SOME OF 
THE TIME 

MOST OF 
THE TIME 

ALL OF 
THE TIME 

DON’T 
KNOW 

 

  a. Homeowner misuse       

  
b. Malfunctioning treatment system 

parts 
      

  c. Engineer design       

  d. Installation       

  e. Dosing Pump Failure       

  f. Drainfield Failure       

  g. Unit turned off       

  h. Other [Please Specify.] _________       

          
 

INFORMATION MANAGEMENT 
 
12. 
 

What method do you use to TRANSMIT YOUR INSPECTION REPORTS to the county health 
department?  [Please  all that apply.] 

  Carmody Database  Mail  
  E-mail  Deliver in person  
  Fax  Other [Please Specify.] ______________________  
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13. 
 

Which system or method do you use for accessing and keeping information on the systems 
you maintain?   

  Carmody Database  Contact  county health department when needed  
  Spreadsheets and tables  Other [Please Specify.] ___________  
  Paper filing system    
    

  If you do not use the Carmody Database system, please indicate why:  

   Don’t know about this free service 

   No access to computers  

   No access to the internet 

   Data security issues 

   Don’t want to use more than one record-keeping method 

   Other  [Please Specify.] _____________________ 

      
    

 
 

PERFORMANCE  
 

14. 
 

How would you rate the OVERALL TREATMENT PERFORMANCE of the systems you 
maintain? 

  Type of System Maintained EXCELLENT GOOD FAIR POOR 
NO BASIS 
TO JUDGE 

 

  a. ATU       

  b. PBTS       

  c. Innovative Systems       
 
 

CONTACT WITH OTHER ENTITIES 
 

15. 
 

To what extent do you INTERACT WITH EACH OF THE FOLLOWING ENITITIES CONCERNING 
THE ADVANCED SYSTEMS YOU MAINTAIN?  

 
Entity 

RARELY 
INTERACT 

SOME 
OF THE 

TIME 

MOST OF 
THE 
TIME 

ALL OF 
THE TIME OTHER [PLEASE SPECIFY.]  

 
a. 
 

Manufacturers of 
systems you maintain 

     __________________  

 
b. 
 

Owners of systems 
you maintain 

     __________________  

 
c. 
 

County Health 
Department Staff 

     __________________  

 
d. 
 

Engineers of the 
systems you maintain 

     __________________  

          

 
e. 
 

Installers of systems 
you maintain 

    WE ARE THE 
INSTALLER   
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TRAINING AND EDUCATION NEEDS 

 

16. 
 

Please tell us about training opportunities related to ATUs and PBTS that you would like to be 
made available to your company personnel. 

    

    

 
 

GENERAL ASSESSMENT 
 

17. 
 
 

Please tell us about what aspects of the advanced system program in Florida are currently 
working well as it relates to construction permitting, design, installation, inspection, 
maintenance, and operating permitting: 

    

    
 

18. 
 

Please tell us about any changes or improvements you would like to see in regards to the 
following: 

 a. ATU regulation, permitting, and management:  

    

    
 b. PBTS regulation, permitting, and management:  

    

 c. Innovative System regulation, permitting, and management:  

    

    
 d. Maintenance entity regulation, permitting, and management:  
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BACKGROUND INFORMATION 

Please give us information for contacting you if we have a question. 
 
 

Name of Your Business : 

Address:  

Phone:  

Fax:  

E-mail:  

Contact Name:  

Position:  

 
Thank you for taking the time to help us with this study. 
Please return this survey in the business reply envelope or fax to: 

 
Fax 

FSU Survey Research Laboratory 
850.644.0792 

 

Use Business Reply Envelope or Mail to: 

FSU Survey Research Laboratory 
Florida State University 

MC 2221 
Tallahassee FL  32306-2221 

 



 
Charlie Crist 
Governor 
 

 Ana M. Viamonte Ros, M.D., M.P.H. 
State Surgeon General 

 

 
March, 2010 

 
Letter to Manufacturers 
 
 
The Florida State University (FSU) Survey Research Lab is under contract with the Florida Department of Health 
Bureau of Onsite Sewage Programs to conduct a survey of manufactures of advanced onsite sewage treatment 
and disposal systems (OSTDS).  Advanced treatment systems for the purposes of this study include aerobic 
treatment units (ATUs), performance-based treatment systems (PBTS), innovative systems, and sand or gravel 
filters.  The purpose of the survey is to learn about the perceptions and practices of system manufacturers 
regarding the management of advanced OSTDS.    
 
The FSU Survey Research Lab will also be gathering information on advanced OSTDS from system owners/users, 
system installers, maintenance entities, engineers, and County Health Departments.  The results of these surveys 
will provide the Bureau with critical information to assess and improve wastewater management in the state.  
 
Your participation is voluntary, but important and will assist the Department in planning and administering its onsite 
sewage programs.  If you wish to participate, please complete the enclosed survey and return it in the postage paid 
business reply envelope provided for your convenience.   
 
The Florida Department of Health’s Bureau of Onsite Sewage Programs develops and implements statewide rules 
for permitting the installation, maintenance, and repair of OSTDS within the state, including advanced systems.  
The Bureau also manages a state funded research program that applies for and receives grants to conduct 
research on OSTDS in Florida.  This project is funded by a grant from the United States Environmental Protection 
Agency.   
 
Should you have any questions, please feel free to call Ms. Elke Ursin at (850) 245-4070 or contact her by e-mail at 
Elke_Ursin@doh.state.fl.us.   
 
Thank you for your assistance. 
 

Sincerely, 

 
 
  

  
 
Division of Environmental Health, Bureau of Onsite Sewage Programs 
4052 Bald Cypress Way, Bin #A08, Tallahassee, Florida 32399-1713 
  

 
 
 
Gerald R. Briggs 
Bureau Chief 
 
 
 
 
 

NOTE: Florida has a very broad public records law. Most written communications to or from state officials 
regarding state business are public records available to the public and the media upon request. 
Therefore your responses to this survey may be subject to public disclosure.  
 

 

 



 

 
 Advanced Onsite Systems in Florida: 

Survey of Manufacturers 

 

 
 

The Florida Department of Health, Division of Environmental Health, Bureau of Onsite Sewage Programs is 
conducting a study to measure the practices and perceptions of manufacturers about the management of advanced 
onsite sewage treatment and disposal systems (OSTDS).  Advanced treatment systems for the purposes of this 
study include aerobic treatment units (ATUs), performance-based treatment systems (PBTS), innovative systems, 
and sand or gravel filters. Your participation in this study will help us identify the strengths of current practices and 
experiences as well as areas where improvement may be needed.  The FSU Survey Research Laboratory is 
collecting the information for the Bureau.   
 

Your participation is voluntary, but important and will assist the Florida Department of Health in improving 
wastewater management.  If you wish to participate, please complete the enclosed survey and return it in the 
postage paid business reply envelope provided for your convenience.  Thank you for your participation. 

 
 
The results of this study will be posted on our website:  http://myfloridaeh.com/ostds/research  

 
 

MANUFACTURE AND SALE OF ADVANCED UNITS IN FLORIDA 
 
 

1. 
 
 

Does your company manufacture advanced treatment systems such as aerobic treatment 
units (ATUs), performance-based treatment systems (PBTS), and/or innovative systems 
sold for use in Florida? 

  
 

NO 
 

Please tell us why you do not manufacture advanced systems for use in Florida 
and skip to Question 10 in the Training and Education Needs Section on page 5. 

 

 

    

    

  YES   [Please continue] 
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MANUFACTURE AND SALE OF ADVANCED UNITS IN FLORIDA 

 
 

2. 
 

Please list the TYPES of advanced systems your company manufactures for sale/use in 
Florida: 

    

    

    

 
 
 

 

3. 
 

How many of each of the following systems did your company sell for USE IN FLORIDA 
during the last year?  

 Type of System Number Sold  

 
Aerobic Treatment Unit  
[ATU only, i.e. not part of a PBTS] 

 
_________  systems 

 

 
Performance-Based Treatment System (PBTS)  
[Not counting innovative systems] 

 
_________  systems 

 

 Innovative Systems _________  systems 
 

 Sand or Gravel Filters _________  systems  
    

 

4. 
 

What percentage of your company’s annual revenue comes from the sale of the following 
TO CUSTOMERS IN FLORIDA? 

  __________% Advanced System Components 

  __________%  Standard System Components 
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CONTACT WITH OTHER ENTITIES 
 

5. 
 

To what extent does your firm/company INTERACT WITH EACH OF THE FOLLOWING ENITITIES 
CONCERNING THE ADVANCED SYSTEMS YOUR FIRM MANUFACTURES?  

 
Entity 

RARELY 
INTERACT 

SOME 
OF THE 

TIME 
MOST OF 
THE TIME 

ALL OF 
THE TIME OTHER [PLEASE SPECIFY.]  

 
a. 
 

Maintenance 
Contractors for 
systems 

     __________________  

 b. Owners of systems      __________________  

 
c. 
 

County Health 
Department Staff 

     __________________  

 
d. 
 
 

Engineers of the 
systems you 
manufacture 

     __________________  

 
e. 
 

Installers of systems 
you manufacture 

     __________________  

 
 

AUTHORIZED MAINTENANCE CONTRACTOR 
 

6. 
 

How many maintenance contractors are currently authorized by your company to service 
your company’s advanced systems in Florida? 

    _________  Number of Authorized Contractors   

 
 

7. 
 
 

What criteria/qualifications do you require maintenance contractors to meet in order to be 
authorized by your company to service the advanced systems you manufacture for sale in 
Florida?   

    

    
 
 

8. 
 

Do you specify a region where a maintenance contractor can maintain your advanced 
systems within Florida? 

  YES 

  NO  
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9. 
 
 

Which of the following tasks do you usually specify that the maintenance contractor perform 
during routine inspections of the advanced systems you manufacture for use in Florida?   
[Please  All That Apply.] 

  Forms and Checklists   Assessment of Operating Conditions 

 
 Work through a manufacturer’s or 

distributor’s check list 
  Check clarity of water in treatment tank/clarifier  

 
 Work through the engineer’s check list if 

engineered-designed 
  Check for smell from treatment system  

 
 Work through the County Health 

Department’s check list 
  Check sounds from treatment system 

 
 Work through own check list   Measure sludge accumulation 

 
 

 
System Access 

  Check how well solids settle in aerobic treatment 
chamber 

 
 Open covers to observe aerobic treatment 

chamber 
  Record water meter reading 

 
 Open covers to observe trash 

tank/compartment 
  Record number of dosing events or pump runtime (for 

dosed systems)  

 
 Open covers to observe clarifier/dosing tank   Record presence, number, or duration of alarms  

 
 Leave surface undisturbed   Check and record pressure (drip systems)  

 
 Open observation port   Check ponding depth in drainfield  

 
 

 
Equipment Checks 

  Check wetness in drainfield area  

 
 Trigger alarm   Check presence and supply of chlorination tablets if 

system includes them  

 
 Trigger pumps    Observe and record general appearance of treatment 

system functioning  

 
 Check that air supply is running    

  Maintenance Actions    Assessment of Effluent Quality 

 
 Inspect/clean effluent filter   Observe clarity of effluent in observation port  

 
 Inspect/clean air filter   Use test strips to assess effluent concentrations  

 
 Inspect/clean air diffusers   Use chemistry kits to assess effluent concentrations 

 
 Pump tank(s) every _____ years   Take effluent samples for laboratory analysis  

 
 Replace parts   Take groundwater samples  

  Other [Please describe.]     
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TRAINING AND EDUCATION NEEDS 

 

10. 
 

Please tell us about educational/training opportunities related to advanced systems that you 
would like to be made available to your customers and maintenance contractors in Florida. 

   

  

 

 

    

 
 

GENERAL ASSESSMENT 
 
 

11. 
 
 

Please tell us about what aspects of the advanced system program in Florida are currently 
working well as it relates to construction permitting, design, installation, inspection, 
maintenance, and operating permitting: 
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12.  Please tell us about any changes or improvements you would like to see to the following: 

 a. ATU regulation, permitting, and management in Florida:  

   

  

 

 

    
 b. PBTS regulation, permitting, and management in Florida:  

   

  

 

 

    
 c. Innovative System regulation, permitting, and management:  

    

    

 d. Sand or gravel filter regulation, permitting, and management:  

    

    

 e. Maintenance contractor regulation, permitting, and management:  
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BACKGROUND INFORMATION 
Please give us information for contacting you if we have a question 

 
 

Name of Your Business : 

Address:  

Phone:  

Fax:  

E-mail:  

Contact Name:  

Position:  

 
Thank you for taking the time to help us with this study. 
Please return this survey in the business reply envelope or fax to: 

 
Fax 

FSU Survey Research Laboratory 
850.644.0792 

 

Use Business Reply Envelope or Mail to: 

FSU Survey Research Laboratory 
Florida State University 

MC 2221 
Tallahassee FL  32306-2221 

 
 
 



PROGRESS REPORT FORM 
 

DEP Agreement No.: G0239 
Grantee Name: Florida Department of Health 

Grantee Address: Division of Environmental Health, 4052 Bald Cypress Way, 
Bin #A-08, Tallahassee, FL 32399-1713 

Grantee’s Grant Manager: Elke Ursin Telephone No.: 850-245-4070 x 2708 
 
Quarterly Reporting Period: October 1, 2009 – December 31, 2009 

Project Number and Title: G0239 Department of Health Assessment of Water Quality 
Protection by Advanced Onsite Sewage Treatment and Disposal 
Systems: Performance, Management, Monitoring Project 

 
Provide a summary of project accomplishments to date.  (Include a comparison of actual 
accomplishments to the objectives established for the period.  If goals were not met, 
provide reasons why.) 

 Grant was executed on August 6, 2008. 
 Task 1: Monroe County Project (in kind match) 

o Monroe County Health Department has been selected to perform the sampling. 
o Sampling protocol report has been completed. 
o Presentations made on some of the preliminary results at the Florida 

Environmental Health Association’s Annual Education Conference in August 
2008, at the Water Environment Federation’s Annual Technical Exhibition and 
Conference (WEFTEC) in October 2008, and in October 2009 

o All sampling has been completed for this task; quality control of collected data is 
ongoing.  Sampling results will be sent in the next quarter once quality control is 
complete. 

o The employee who did the sampling for this task trained the new employee hired 
to do the statewide sampling during the week of August 10th. 

o Reports summarizing this project are expected to reach draft form by the end of 
the next quarter. 

o This task is behind schedule. 
 Task 2: Database 

o Decision to hire an outside contractor for the data gathering and database 
development was made initially to obtain the most cost efficient solution to 
obtaining the end result. 

o Request for Quotes was advertised, responses were received and scored, and 
negotiations with the highest scored applicant were made.  The proposed 
contractor withdrew their proposal. 

o This task will be completed by bureau staff with volunteer assistance.  The 
volunteer position will assist with analyzing, designing, and updating work flows 
and processes as well as any other assistance they can provide.  The volunteer will 
act as a data analyst for the project, looking over different designs and work 
products as they come available and providing expertise as appropriate. 

o Preliminary surveys and telephone inquiries were made to the County Health 
Departments to determine the method for recording operating permit data.  The 
responses have been tabulated. 

o Data has been gathered from the state databases, any county specific databases, 
and from Carmody. 

o Initial assessments have shown that there is very limited overlap between 



operating permits in the state database and in Carmody, complicating efforts to 
develop a comprehensive database with uniform fields.  Much time the quarter 
has been spent identifying duplicate data and cleaning up the records. 

o Data fields and database structure have been selected and designed by DOH and 
contract staff.  The database is mostly complete.  For this task future quarters will 
be spent adding data regarding the sampling to be performed in later tasks and 
continued cleaning up of the records. 

o This task is behind schedule due to minimal DOH staff time available and delays 
getting contract staff hired. 

 Task 3:  Surveys 
o Request for Quotes was sent out to several universities and state contract 

providers to perform the survey. 
o Two proposals were received and the evaluation was completed with the Florida 

State University Survey Research Laboratory selected as the successful provider. 
o Development of the six surveys is ongoing with the survey drafts having been 

completed.  There have been several meetings between DOH, DEP, and FSU staff 
to go over the content of the draft surveys.  The surveys will range from 5 pages 
long to 10 pages long depending on which user group is going surveyed.   

o The surveys will be sent out to the target interest groups during the beginning of 
2010.  Some time after the first waves of surveys are mailed out a second round of 
follow-up surveys will be sent out to the non-responders. 

o 100% of the population size will be surveyed for the Onsite Regulators, Installers, 
Engineers, Manufacturers, and Maintenance Entities.  3,000 of the System 
Owners will be sampled based on a sampling scheme that was agreed to by all 
parties.  This sampling scheme was designed to send surveys to all identified 
innovative system owners, oversample commercial systems with approximately 
15% of the surveys, and to oversample PBTS’ by a factor of 2 relative to ATUs.  
The oversampling will serve to provide more data on smaller groups to allow 
comparison to the large group of residential ATUs. 

o This task is behind schedule due to several legislatively mandated studies that 
consumed much of the grant managers time during this quarter and previous 
quarters.  This task is anticipated to be complete by June 30, 2010. 

 Task 4: Assessment of Operational Status and Performance 
o In November 2008 investigations began into the method of procurement for a 

contract staff position to complete this task, as well as several other tasks 
associated with this project.  DOH has two contractors that provide contract staff: 
Tallahassee Community College (TCC) and Nitelines USA, Inc.  Initially we 
anticipated utilizing TCC, but in mid February 2009 TCC informed the grant 
manager that they are no longer taking on new contracts.  The process 
immediately began to utilize Nitelines as the provider with advertising being done 
in March 2009, interviews being performed in April 2009, and final selection 
being completed in May 2009. 

o The contract staff position began on June 1, 2009 with much of the time being 
devoted to development of the project database in Task 2. 

o The draft Quality Assurance Project Plan has been written, presented to the DOH 
Research Review and Advisory Committee (RRAC), revised, and will be 
finalized, with an anticipated completion during the next quarter. 

o Contract staff became certified in OSTDS. 
 Criteria regarding site selection were presented discussed at the RRAC 

meeting on December 16, 2009.  There were lots of pros and cons from 



the system selection strategies list that RRAC discussed.  DOH will revise 
based on the comments and send a strategy back to RRAC for comment 
during the next quarter. 

o Contract staff placed initial calls to manufacturers in an effort to locate a contact 
and learn about specific suggestions for sampling.  In the event a question arises 
while in the field those individuals would be a point of contact. 

o An Invitation to Bid for the analytical laboratory services was advertised in 
December of 2009 and 15 responses were received.  Final decision on the selected 
candidate and contract will be executed during the next quarter. 

o This task is behind schedule due to minimal staff time available and delays 
getting contract staff hired. 

 Task 5: Assessment of Annual Variability of Performance 
o The draft Quality Assurance Project Plan is being developed with an anticipated 

completion during the next quarter. 
o This task is on schedule 

 Task 6: Management Practices 
o Contract staff has been compiling data as it becomes available. 
o This task is on schedule 

 Task 7: Project administration 
o This task is ongoing and is on schedule 

Provide an update on the estimated time for completion of the project and an explanation 
for any anticipated delays. 
While currently several tasks are behind schedule due largely to staffing delays, it is not clear yet 
if these delays will fully translate to delays in the completion time of the project, now that 
staffing appears to be resolved.  At this point we will still attempt to meet the original final 
completion time.   As sampling will commence over the next two quarters it will become clearer 
if the completion time needs to be revised.    
Provide any additional pertinent information including, when appropriate, analysis and 
explanation of cost overruns or high unit costs. 
None 
Identify below, and attach copies of, any relevant work products being submitted for the 
project for this reporting period (e.g., report data sets, links to on-line photographs, etc.) 

 Task 1 paper presented to WEFTEC titled Influent and Effluent Assessment to Evaluate 
Nutrient Removal in Onsite Sewage Treatment Systems 

 Task 4 Invitation to Bid for Laboratory Analysis of Wastewater Samples from Onsite 
Systems in Florida 

Summarize and provide supporting documentation regarding your efforts in meeting the 
MBE/WBE requirements contained in paragraph 5.B. of the Agreement 
Nitelines USA, Inc. is a MBE.  The contract employee that has been hired is a female of minority 
origin. 



 
Provide a project budget update, comparing the project budget to actual costs to date. 

Budget Category 

Total 
Project 
Budget 

Expenditures 
Prior to this 
Reporting 

Period 

Expenditures 
this 

Reporting 
Period 

Project 
Funding 
Balance 

Salaries $0 $0 $0 $0 
Travel $52,552.50 $1, 342.42 $0 $51,210.08 
Equipment $0 $0 $0 $0 
Supplies/Other Expenses $3,618 $70.76 $54.25 $3,492.99 
Contractual Services: 
     Surveying 
     Monitoring 
     Public Education 
     TCC/Niteline Contract 

 
$25,000 
$127,925 
$5,000 
$94,259 

 
$1,100.00 
$1,800.00 
$0 
$7,720.26 

 
$0 
$0 
$0 
$13,210.19 

 
$23,900.00 
$126,125 
$5,000 
$73,328.55 

Total: $308,354.50 $12,033.44 $13,264.44 $283,056.62 
 

This report is submitted in accordance with the reporting requirements of DEP Agreement No. 
G0239 and accurately reflects the activities and costs associated with the subject project. 
 

   
Signature of Grantee’s Grant Manager  Date 
 



#1 Pull pure 
random sample 
from all systems

#2 Select additional 
systems as needed 

Plot selected locations on map 

Finalize sample 
population

Sample Selection Flowchart
Advanced System Performance Eval.

Process:

#1  Pull random sample:  This sample will give a snapshot of 
operational status and management of all systems.  
System selection was done in the following manner in Excel:  all 
records with their unique identifier (address) were put into one 
long list and then create a new column titled "Random Number" 
with the formula "=RAND()" copied all the way down.  The values 
of the "Random Number" column were used to create an 
additional column in the list with actual numbers and no formulas, 
and the formula column deleted.   By sorting by random number, 
and selecting the first xyz systems,  a random sample was drawn. 
xyz was 700 (600 sites and 100 reserve sites (abandoned, 
inaccessible...)

#2  Amend to ensure treatment comparison samples are 
included:   
Assign a code to each of the three target groups as a separate 
column (i.e. for the treatment process sub-sample: F (fixed 
media), C (combined media), and E (extended aeration)).  36 
systems (30 systems and 20% reserve) will be selected to 
represent each approach.

Further subcategorization will be used to ensure representation of 
several brands and approaches (e.g. aspirator vs. diffuser), to 
determine how many (x) of a particular brand/technology will be 
used.

For each subgroup, the first x systems of the random list will be 
selected.  This ensures maximum overlap with the random 
sample of all systems (first 700 systems on the random list) and 
minimizes additional sampling.  

Determine subcategories to 
represent

- unsatured fixed media,
- combined media, 

- extended aeration categories



Alternative Drainfield Products in Florida 
 
Problem Statement: 
 
Since approximately 2004 alternative drainfield products are installed at rates higher than 
aggregate.  System field longevity and effectiveness of minimum drainfield footprint are 
untested.  Availability of data is limited. 
 
Current efforts and some of the data gathering issues: 
 

1. Premature failure data gathering  
a. only DOH internal 
b. premature is NEW system < 2 years 
c. used to be one of the reportable items to the Surgeon General started in 2005 

but approximately 2-years ago it came off the list and since then information 
comes in sporadically 

d. a web based questionnaire has been developed and will soon be made available 
to CHD's to start tracking these again (this will make data analysis easier and will 
be a centralized location to submit the data) 

e. Dale used to send out a quarterly report to counties letting them know they have 
premature failures 

2. Repair evaluation form captures the reason for failure and failure symptom 
a. Reason for failure options on form include: hydraulic overload, drainage / run off, 

soils, roots, maintenance, water table, system damage, other 
b. Reason for failure symptom options on form include: Sewage on ground, 

plumbing backup, tank, d box/header, drainfield, other 
c. how to measure if this is being marked accurately by system evaluators and 

people doing the data entry 
i. can't control the system evaluators - can anything be done to improve 

this? 
ii. can do check on quality of data entry by comparing paper records with 

the electronic record 
iii. how to differentiate between installation issues vs. design issues? 

3. Drainfield product type is recorded on the construction inspection and final approval form 
a. how to measure if this is consistently being recorded 
b. standardization of list only occurred approximately 2-years ago with EHD pull 

down list  - counties were sent a standardized list to use in Centrax, but that list 
could be modified or not utilized  

c. difficult to differentiate between new drainfield installations and alternative 
drainfield repairs 

d. how to get contractors to let DOH know the original drainfield product on repairs 
(difficult to gather this data as it is usually unknown when submitting the 
application and remain unknown until ground has been broken) 

4. Finding systems where the drainfield was replaced 
a. alternative repairs are only marked in comment / text fields so it will be difficult to 

remove these from the dataset 

1 



2 

b. if alternative repairs are not removed problems will occur when reviewing the 
data (may make the system look like it failed sooner than it actually did) 

c. two years ago added a checkbox to show that the drainfield is being replaced on 
a repair 

5. Recording original drainfield product 
a. there is no standard way for the original drainfield product type to be recorded  - 

on the repair evaluation   
b. this information could be obtained by linking the previous drainfield installation 

(new, modification, or repair) 
6. Linking of previous permits with new permits for an individual address 

a. there is an option for the person doing the data entry to link to the previous 
permit by doing a search by address and linking the new permit 

b. need to find out if this is being consistently done 
c. previous routine written to do this link which can be rewritten for EHD 
d. an email could be sent to counties quarterly to let them know about repairs that 

have been linked with a previous permit to trigger them to fill out the analysis 
form 

e. suggest only including linked permits in any proposed data analysis 
  
RRAC Discussion: 
 

1. How old should the data that will be analyzed be? 
a. if we include everything there can be data entry consistency errors 
b. from our initial analysis it looks like the proportion of alternative drainfield 

products to aggregate drainfields went from 37% in 1995 - 2006 to 70% in 2004-
2006 

c. problem with limiting the date could be that systems with long lifespans are not 
considered 

d. a short time frame will self-select for early failures and not give us an accurate 
look at longevity 

2. Where do we go from here? 
a. look at what was installed, how many failed, and in what timeframe the systems 

failed (need to look at % that have not failed along with the % failed, need to 
have a common denominator for comparisons) 

b. design something that could capture the failure rate for systems 
c. initiate quality control checks / recommendations to ensure consistent data entry 

and gathering 
d. is this a stepping stone to determine if we need to pursue another contract similar 

to the Alternative Drainfield Products contract? 
3. How much do we want to spend? 
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Section 1.0 
Project Organization and Management 

The Florida Department of Health has contracted to continue the study of passive nitro-
gen removal (PNRS II) under Task A of the Florida Onsite Sewage Nitrogen Reduction 
Strategies Study (FOSNRS). PNRS II is a follow up to the previous experimental evalua-
tions of passive nitrogen removal technologies conducted under Contract CORY (Pas-
sive Nitrogen Removal Study I). The Passive Nitrogen Removal Study II (PNRS II) will 
be conducted by Hazen and Sawyer and Applied Environmental Technology, who will 
perform overall project management, establish and conduct the pilot studies, and who 
will deliver samples for water quality analyses to an approved analytical laboratory. The 
contractors will review and interpret the resulting data, adjust the pilot testing program as 
warranted, and generate a summary report and recommendations.  Prudent project 
management will help minimize changes, ensure project continuity, and avoid delays in 
the project schedule. This type of project is highly specialized, requiring unusual equip-
ment and services. Therefore it is crucial that adequate project management be used to 
ensure the success of the project. Figure 1-1 depicts the organization chart for PNRS II. 
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Figure 1-1: Organization Chart for PNRS II 
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Section 2.0 
Problem Definition and Background 

2.1 Project Background 
The Florida Department of Health (FDOH) has provided funding to evaluate methods 
that can be used to enhance nitrogen removal in onsite wastewater systems in a passive 
and cost effective manner. The Florida Onsite Sewage Nitrogen Reduction Strategies 
Study (FOSNRS) Passive Nitrogen Removal Study II (PNRS II) QAPP entails formulat-
ing a pilot testing plan to evaluate candidate technologies that can be used to remove 
nitrogen from septic tank effluent with more passive systems. The purpose of the PNRS 
II study is to extend and expand into field pilot testing the previous experimental studies 
of the two-stage biofiltration process that were conducted in PNRS I. PNRS II will per-
form field testing of passive nitrogen reduction treatment systems using a variety of can-
didate biofiltration media. Pilot test systems will consist of various configurations of in-
tank biofilters and passive in-situ systems. The results of PNRS II may be used to devel-
op and implement subsequent evaluations of full-scale systems that will be conducted 
under Task B of this project. 

The Florida Passive Nitrogen Removal Study Literature Review and Database proposed 
the development of a two stage biofilter system for passive removal of total nitrogen from 
septic tank effluent (Smith et al., 2008). The two stage system consisted of an initial un-
saturated media biofilter for ammonification and nitrification, followed in series by a satu-
rated anoxic denitrification biofilter. The system would be deployed between the septic 
tank and the soil treatment unit (drainfield) or soil dispersal system of new or existing 
facilities. Nitrogen in septic tank effluent would be substantially removed before waste-
water was directed to the soil for treatment or dispersal. Results from the previous expe-
rimental studies conducted in PNRS I provided the proof of concept of the two-stage 
passive nitrogen reduction system. 

To perform PNRS II testing, it is desired to conduct studies in a manner that more close-
ly resembles the functioning of actual onsite systems. Actual candidate media will be 
used, and placed in appropriate layers and depths distribution. Continuously operated 
biofilter operation will be employed, where microbial populations will establish their me-
tabolic activities and perform desired biochemical transformations in response to condi-
tions similar to an operating system. In addition, in-situ testing will be conducted using 
in-situ simulators consisting of subsurface drip irrigation application to the root zone of 
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surface vegetation, followed by downward transport through a layer of filter sand and 
engineered media. The use of actual septic tank effluent (STE) as feed source is 
deemed preferable to use of a synthetic analog STE. This Quality Assurance Project 
Plan (QAPP) describes the methods and procedures that will be used to conduct the 
passive nitrogen removal evaluations.   

2.2 Candidate Study Site 
A candidate site, the University of Florida Gulf Coast Research and Education Center 
(GCREC), has been identified and arrangements are being sought for its use. The ac-
ceptability of the site has been established. The chosen site has a source of actual sep-
tic tank effluent or primary effluent, a power supply to pump STE to test biofilters, and 
power for operation of equipment. The site location is isolated from public access and 
would cause minimal disruption to any activity, and it has reasonable security. The site is 
located in Hillsborough County, Florida. 
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Section 3.0 
Project Description 

3.1 Project Purpose 
To evaluate candidate media and treatment processes for development of more passive 
nitrogen removal systems for onsite wastewater treatment. 

3.2 Project Objectives 
The objective is to establish pilot passive nitrogen removal systems to evaluate the ef-
fectiveness of various media and two-stage biofilter designs in removing total nitrogen 
from septic tank effluent. The pilot test systems will consist of various configurations of 
in-tank biofilters and passive in-situ systems. In-tank systems will primarily employ va-
riants of the two-stage biofiltration concepts elucidated in PNRS I. In-situ technology 
evaluation will include a drip irrigation system for effluent dosing, with emitters located in 
shallow root zones. 

In the two-stage biofilter process, a first stage unsaturated biofilter is followed in series 
by a second stage biofilter operated in a water saturated mode. Septic tank effluent will 
be applied to the top of the first stage media, resulting in a downward percolation of 
wastewater over and through the media biofilter bed. The unsaturated pore spaces in 
the first stage media will allow air to reach microorganisms attached to the media sur-
faces, enabling aerobic biochemical reactions to occur. The significant target reactions 
are aerobic heterotrophic oxidation (by microorganisms that oxidize organic material and 
reduce biochemical oxygen demand), hydrolysis and ammonification (releasing ammo-
nia), and nitrification (biochemical conversion of ammonia to nitrate and nitrite). Of par-
ticular interest are the organic and ammonia nitrogen concentrations in first stage efflu-
ent, as well as nitrate and nitrite. 

Effluent from the bottom of the first stage biofilter is passed through a saturated anoxic 
biofilter that contains a reactive media that supplies electron donor for denitrification (re-
duction of nitrate and nitrite to N2 gas). The biofiltration systems will be operated over a 
twelve month period, if funding is available, and monitored for nitrogen species and other 
water quality parameters. Of particular interest are the concentrations of ammonia in first 
stage effluent and nitrate, nitrite and total nitrogen in the second stage effluent. 
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The interaction of media with applied wastewater governs the treatment process. Key 
features affecting nitrogen removal performance include: 

1. The effects of hydraulic and nitrogen loading rates, on average daily and per 
dose basis, on first stage effluent nitrogen concentrations. 

2. The effects of first stage media on effluent nitrogen levels. 

3. Alkalinity consumption in the first stage and its possible effects on nitrification. 

4. The effects of hydraulic and nitrogen loading rates, on average daily basis, on 
second stage effluent nitrogen concentrations. 

5. The effects of second stage media on effluent nitrogen levels. 

6. Second stage effluent total nitrogen concentrations and speciation into organic, 
ammonia, and oxidized nitrogen forms. 

7. Alkalinity consumption or restoration in the second stage and its possible effects 
on denitrification. 

8. Use of first stage recycle. 

3.3 Project Tasks and Timeline 
Project tasks and preliminary timeline are shown in Table 3.1. The start dates and tasks 
are contingent upon Recommendations for Process Forward (FOSNRS Task A.14). The 
task descriptions provide a template by which the project team will conduct the PNRS II 
project. The nature of technology demonstration projects will necessitate system and 
testing modifications during the course of the study. It is important to recognize that op-
erational adaptation is a central feature of pilot testing and process optimization. A typi-
cal example is a modification in operation as a result of assessment of performance da-
ta, where a higher loading rate is applied to a well functioning system to evaluate per-
formance over a wider loading envelope. The QAPP establishes initial loading rates for 
PNRS II systems that may be adjusted as the study progresses, based on ongoing re-
sults and the professional judgment of the project team. A degree of discretion must be 
afforded to the project team to make modifications as warranted. Additionally, longer 
term operation of successful onsite treatment systems is warranted but dependent on 
future funding. All substantive modifications will be fully communicated to FDOH. 
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Table 3.1 
Project Tasks and Timeline 

Task/Activity Start 
Projected 

Completion 
Task 1  PNRS II infrastructure design Week 1 Week 4 
Task 2  Procurement of materials and media Week 4 Week 8 
Task 3  Construction of test facility and pilot systems Week 6 Week 10 
Task 4  Operation and monitoring of pilot systems Week 12 Week 64 
Task 5  Preparation of draft report Week 68 Week 74 
Task 6  Preparation of final report Week 76 Week 80 

Task 1: PNRS II Infrastructure Design 
A final testing site will be established based on the acceptability of wastewater sources, 
use of the site for other FOSNRS work elements in Tasks B and C, and establishing site 
use arrangements. Once test facility infrastructure is designed (Tasks A.17 through 
A.19), the design of PNRS II infrastructure can begin and will be integrated into the test 
facility design. The design documents will define the needed materials and construction 
of the PNRS II testing component. 

Task 2: Procurement of Materials and Media 
Candidate media for evaluation in Stage 1 (unsaturated) biofilters and Stage 2 (satu-
rated) biofilters are listed in Table 3.2, with physical properties and their sources. In-
cluded are media with high water retention and porosity, and the clinoptilolite additionally 
provides ion exchange capacity. Media will be procured from vendors for use (Table 
3.2). Stage 1 media includes filter sand, expanded clay and clinoptilolite. The latter two 
exhibit greater than 45% porosity and high water retention. Characteristics of hydrous 
sodium aluminosilicates, clinoptilolites, include cation exchange capacities of 1.5 to 1.8 
meq/g, high specific surface area generally 40 m2/gram, and will act to retain ammonia 
ions for enhanced ammonia removal under non-steady flows and higher loading rates. 
Livlite is an expanded clay with high water retention characteristics. Expanded polysty-
rene is a very lightweight, readily available and low cost material that appears to be quite 
suitable as a biofilter media for aerobic treatment.   

The Stage 2 electron donor media are elemental sulfur, which will result in an autotroph-
ic denitrification process in the anoxic biofilter; lignocellulosic materials, such as wood-
chips, which support heterotrophic denitrification, and glycerol, a readily available carbon 
source for heterotrophic denitrification. Crushed oyster shell and sodium sesquicarbo-
nate will be used as alkalinity sources in sulfur-based denitrification biofilters, as auto-
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trophic sulfur-based denitrification will consume alkalinity. Expanded shale may be in-
cluded as a Stage 2 option for its anion exchange capacity to enhance nitrate removal 
performance. Stage 2 biofilters will be monitored for sulfate and CBOD which will cha-
racterize concentration and indicate the reduction achieved prior to soil infiltration follow-
ing the systems. 

Table 3.2 
Biofilter Media 

Material 

Bulk 
density, 

lb/ft3 

Typical Particle 
Size Range as 

Supplied Supplier 
 Zeo-Pure AMZ 8/20 
 Clinoptilolite 

55 0.8 – 2.3 mm  Ash Meadows, Armagose, NV 

 Livlite (expanded clay) 41 3 to 5 mm  Big River, Alpharetta, GA 
 Expanded Polystyrene 0.34 – 1.5 2.2 – 3.6 mm  JSP 
 Elemental sulfur 77 2 – 4 mm  Georgia Sulfur, Valdosta, GA 
 Oyster shell 82 3 – 15 mm  Misc. Locations, FL 
 Sodium 
 Sesquicarbonate T-50 

69 1 – 3 mm  Solvay 

 Lignocellulosic material 
 (woodchips, sawdust) 

20 – 28 1 to 5 mm  Robbins Products, Tarrytown, FL 

 Glycerol 79 -  Greenhunter Energy 
 ACT-MS ESF-450 
 Utelite (expanded shale) 

54 0.4 – 4.5 mm  ES Filter, Ogden, UT 

 Sand 100 0.8 - 1.2 mm 
0.45 – 0.55 mm 

 National Suncoast Media, 
 Gulfport, FL 

 Gravel 100 1 – 4 mm  National Suncoast Media, 
 Gulfport, FL 

Task 3: Construction of Test Facility and Pilot Systems 
A test facility will be constructed that will provide a source of primary effluent (i.e. septic 
tank effluent) to the PNRS II systems, as well as dosing regimes, sampling ports, and 
effluent collection. Design of the test facility will be conducted under FOSNRS Tasks 
A.17 through A.19. Two types of testing systems will be constructed: 

A. Vertical/Horizontal Two-Stage Biological Filtration 

B. In-Situ Vegetation/Media Simulators 
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A. Vertical/Horizontal Two-Stage Biological Filtration 
The two-stage biofiltration systems consist of a vertical unsaturated biofilter followed by 
a saturated denitrification biofilter. The general concept of a typical two-stage biofiltration 
process is illustrated in Figure 3-1. Primary effluent (i.e. septic tank effluent) is dosed to 
the upper surface of the Stage 1 biofilter, trickles through the unsaturated media, and 
then flows by gravity through the saturated horizontal denitrification biofilter. In PNRS II 
pilot testing, multiple Stage 1 biofilters will be operated in parallel on the same primary 
effluent, and multiple Stage 2 biofilters will be operated in parallel on Stage 1 effluent. 
 

Figure 3-1: Schematic of Vertical/Horizontal Two-Stage Biofiltration Concept 

An illustration of different configurations of the Stage 1 unsaturated biofilters is shown in 
Table 3.3. Four biofilter media will be examined in PNRS II pilot studies: expanded clay 
and clinoptilolite, both of which were evaluated in PNRS I, expanded polystyrene, a rea-
dily available low cost and light weight material, and filter sand, the most commonly used 
filter medium representative of a control system. Design of the expanded clay and cli-
noptilolite pilot biofilters will be guided by the results of PNRS I. The test matrix consists 
of two media depths (15 and 30 inch) and single pass and recycle operation (Table 3.3). 
All expanded clay, filter sand and clinoptilolite biofilters will employ a two layer stratified 
design for particle size (Table 3.4). The expanded polystyrene biofilter will be evaluated 
in single pass operation (Table 3.3). All pilot Stage 1 biofilters (Systems 1 through 11 in 
Table 3.3) will be dosed at a 30 to 60 minute interval (24 to 48 doses/day), which is simi-
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lar to the dosing regime that was employed successfully in PNRS I. Systems 10 and 11 
in Table 3.3 are in-situ simulators that consist of simulated dosing by drip irrigation tub-
ing into mound sand media underlain by an engineered media with expanded clay, lig-
nocellulosic and sulfur electron donor. 

The initial hydraulic loading rate to Stage 1 biofilters 1 through 9 will be 3 gallon/ft2-day. 
As performance data is gathered over the course of the study, it is expected that this 
loading rate will be progressively increased. The PNRS II pilot studies will include re-
cycle systems to delineate total nitrogen removal by pre-denitrification, and the use of 
two media size stratification and different media depths than were applied in PNRS I. 
These factors have direct technological and cost savings implications as they would af-
fect the size of the treatment biofilters. 

Stratification of media based on particle size is based on the expected progression of 
biochemical reactions within the biofilter. The processes in the upper coarse media layer 
include adsorption of wastewater particulates and colloids, hydrolysis and release of so-
luble organics, aerobic utilization of soluble organics, and biomass synthesis. In the up-
per layer, the biochemical processing of organic matter between doses must keep pace 
with the newly applied wastewater constituents from each dose. The greatest accumula-
tion of organic and inorganic mass will occur in the upper layer, and the use of larger 
particle size media will provide greater space for accumulation of solids. Stratified media 
should enhance the potential for long term operation while maintaining treatment effi-
ciency. The use of finer particle sizes in the lower media depths will provide greater sur-
face area for microbial attachment and physical filtration, the later which could improve 
removal of pathogens and other wastewater constituents. The coarser sized particles in 
the upper layer will also filter out larger particulates and protect the underlying finer me-
dia. The two layer media size stratification (Table 3.4) is a simplification of the 3 layer 
design employed in PNRS I; the two layer design will simplify construction and reduce 
costs. 
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Table 3.3 
Stage 1 Vertical Unsaturated Biofilter Configuration and Initial Operation 

Unsaturated Biofilters (Stage 1) 

No. Media Biofilter Media Depth
(Inches) Flow Regime 

Recycle 
Ratio 

(α) 
1 

Expanded Clay or  
Filter Sand 

UNSAT-EC-1 15 Single Pass - 
2 UNSAT-SAND-2

30 
Recycle 3 

3 UNSAT-EC-3 Single Pass - 
4 UNSAT-EC-4 Recycle 3 
5 

Clinoptilolite 

UNSAT-CL-1 
15 

Single Pass - 
6 UNSAT-CL-2 Recycle 3 
7 UNSAT-CL-3 

30 
Single Pass - 

8 UNSAT-CL-4 Recycle 3 
9 Polystyrene UNSAT-PS-1 30 (NS) Single Pass - 
10 Upper: Mound Sand  

Lower: Expanded Clay,  
Lignocellulosic, Sulfur 

UNSAT-IS-1 12 Single Pass - 

11 UNSAT-IS-2 12 Single Pass - 

EC: expanded clay, CL: clinoptilolite, PS: polystyrene, SU: sulfur, α: recycle flowrate/forward flowrate, NS: 
non-stratified 

Specification of pilot hydraulic loading rates was guided by the results of PNRS I. Unsa-
turated expanded clay and clinoptilolite biofilters both exhibited exceptional performance 
at 3 gallon/ft2-day. The PNRS I results suggest that the potential of these media was not 
fully utilized. The PNRS II pilot study will delineate treatment performance under real 
world conditions at the PNRS I loading rate of 3 gallon/ft2-day and at higher loading 
rates. Higher loading rates translate into a smaller footprint for Stage 2 biofilters and sig-
nificantly lower construction costs. The general experimental progression will be to es-
tablish performance at the initial hydraulic loading rate of 3 gallon/ft2-day, characterize 
performance at that loading rate for approximately 3 months of operation, and if that op-
eration is consistent, to modify operation to a fixed, higher hydraulic loading rate and 
characterize performance at that new operating condition. 
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Table 3.4 
Stage 1 Vertical Unsaturated 

Biofilter Media Depth and Stratification 
Total media 
depth, inch Layer 

Media layer 
depth, inch 

Particle 
diameter, mm 

15 
Upper 5 1.5 – 2.5 
Lower 10 0.3 – 0.6 

30 
Upper 10 1.5 – 2.5 
Lower 20 0.3 – 0.6 

The Stage 1 biofilters will be supplied with septic tank effluent with a timed dosing of 
once per one half hour to one hour (24 to 48 doses/day), as was employed in PNRS I. A 
centrally located dosing system will be used to distribute primary effluent over the sur-
face of the media of each Stage 1 biofilter. Water will percolate downward through the 
Stage 1 media, through the support screen, and into a line that conveys biofilter effluent 
to either the directly connected Stage 2 biofilter or the common Stage 1 effluent collec-
tion chamber. The water elevation in the line below the Stage 1 biofilter will provide hy-
draulic head for passive movement of water to the common collection chamber. A valve 
and sample port (with another valve) will be located in the line below the Stage 1 biofil-
ter. In normal biofilter operation, the sample port valve will be closed and the valve lead-
ing to the effluent collection chamber will be open. The design of the biofilter system will 
minimize internal volumes within the connecting piping. At 48 doses per day and 3 gal-
lon/ft2-day, a single dose will add a volume that is approximately 6% of the water re-
tained within the Stage 1 biofilter bed of a single pass system (Smith et al., 2008). 

Unsaturated biofilter Systems 10 and 11 in Table 3.3 will be in-tank analogs of the in-situ 
simulators that will be placed in the ground as described in Section 3.3 Task 3B. The 
media configuration of Systems 10 and 11 is shown in Table 3.5.  Biofilter Systems 10 
and 11 have two significant media differences from the in-situ simulators that will be 
placed in the ground: they will not include plants at the upper surface, and will not in-
clude natural soil horizons. System 10 will receive septic tank effluent and System 11 will 
receive nitrified effluent supplied over a capillary seepage mat. Systems 10 and 11 will 
both be dosed at 0.8 gal/ft2-day and will not be subject to rainfall inputs at the surface. 
Sample ports will be provided at 4 inch increments along the depth of the biofilter, which 
will enable six point longitudinal profiling of nitrogen species and other water quality pa-
rameters. The design of the in-tank in-situ simulators will enable quantification of liquid 
volumes exiting the filter. 
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Table 3.5 
In-Situ Biofilter Media Depth and Stratification 

Total media 
depth, inch Layer 

Media layer
depth, inch 

Particle 
diameter, mm 

24 
Upper – Mound Sand 12 Slightly limited clean sand 

Lower - Engineered Media 12 0.5 – 1.0 

Configuration of the Stage 2 saturated denitrification biofilters is shown in Table 3.6. The 
Stage 2 biofilters will be constructed with unstratified mixed media containing elemental 
sulfur, crushed oyster shell, sodium sesquicarbonate, lignocellulosic materials, ex-
panded clay, and filter sand (Table 3.6). The use of elemental sulfur with oyster shell 
was successfully demonstrated in PNRS I. Sodium sesquicarbonate will provide alkalini-
ty supply which will not release calcium and reduce the potential for calcium carbonate 
precipitation. The use of lignocellulosic materials as a source of organics in denitrifica-
tion filters was reviewed in the PNRS I literature review. Expanded clay was also eva-
luated as microbial attachment medium in PNRS I. Glycerol is a low cost fermentable 
substrate which serves as a denitrification electron donor. Glycerol will be added by dos-
ing pump or other methods. 

Stage 2 biofilters will employ non-stratified mixed media of 1 to 2 mm particle size. The 
configuration of the Stage 2 biofilters that are supplied by the common Stage 1 STE ef-
fluent (i.e. Nos. 1, 2, 5, and 9 in Table 3.6) is as 6 inch diameter columns of 72 inch 
length. Sample ports will be provided at 12 inch increments along the length of the biofil-
ter, which will enable six point longitudinal profiling of nitrogen species and other water 
quality parameters. The configuration of the Stage 2 biofilters that are directly connected 
to Stage 1 biofilters (i.e. Nos. 3, 4, 6, 7, and 8 in Table 3.6) is as 22 inch diameter circu-
lar upflow filters of 30 inch media depth. Sample ports will be provided at 6 inch incre-
ments along the depth of the biofilter, which will enable five point longitudinal profiling of 
nitrogen species and other water quality parameters. Detailed design will be conducted 
in Tasks A.16 through A.19.  

Like PNRS I, the pilot PNRS II biofilter systems will be configured for simplicity of opera-
tion, minimal moving parts and passive gravity flow where possible. The same primary 
effluent (i.e. septic tank effluent) will be supplied to the surface of each of the Stage 1 
vertical biofilters, which will be placed above ground to allow effluent to flow by gravity to 
either a directly connected Stage 2 denitrification filter or alternatively to a common 
Stage 1 effluent tank.  
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In the initial configuration, the single pass Stage 1 biofilters will be directly connected to 
Stage 2 denitrification filters, and effluent from the Stage 1 biofilters with recycle will be 
routed to a Stage 1 effluent collection tank that will produce a common effluent. The 
Stage 2 denitrification filters that are not directly connected to single pass Stage 1 biofil-
ters will receive effluent from the Stage 1 collection tank by pumps that provide indepen-
dent flowrate control to each. Stage 2 biofilters will be maintained in saturated mode by 
the Stage 2 overflow elevation pipe. Stage 2 effluent will be collected via gravity into a 
Stage 2 collection tank, for management or disposal. Details of design and fabrication of 
pilot biofilter systems will be addressed in Tasks A.16 through A.19. 

Monitoring sample points are septic tank effluent, Stage 1 effluents, the common Stage 
2 influent, and Stage 2 effluents (Table A.1). For each monitoring point, separate sam-
ples will be collected for field analyses and for laboratory analyses. Field analyses will be 
performed immediately upon sample collection. Samples for laboratory analyses will be 
collected by directing samples directly into sample collection containers that are located 
within iced coolers and that contain any required sample preservatives. Influent and ef-
fluent samples will not have contact with any intermediate sample devices. Effluent 
samples will be maintained in iced coolers and transported to the lab within 24 hours of 
collection. 
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Table 3.6 
Stage 2 Saturated Denitrification Biofilter 

Configuration and Initial Operation 

No. Electron 
Donor Biofilter 

Media 
Composition
(by volume) 

Initial 
Surface 
Loading 

Rate, 
gal/day-ft2 

Stage 1  
Filter 

11 

Elemental 
sulfur 

 DENIT-SU-1  
80% SU 
20% OS 

10.0 2,4,6,8 

21  DENIT-SU-2  
80% SU 
20% NS 

10.0 2,4,6,8 

32  DENIT-SU-3  
80% SU 
20% OS 4.7 1 

42 DENIT-SU-4 
80% SU 
20% NS 

4.7 7 

51 

 Lignocellulosic 
  
 

 DENIT-LS-1  
50% LS 
50% EC 

10.0 2,4,6,8 

62  DENIT-LS-2  
50% LS 
50% EC 4.7 3 

72  DENIT-LS-3  
50% LS 
50% SA 

4.7 5 

82  DENIT-LS-4  
30% LS 
70% EC 

4.7 9 

91 Glycerol DENIT-GL-1 
12” GR 
60” EC 

10 2,4,6,8 

SU: elemental sulfur, LS: lignocellulosic, GL: glycerol, OS: oyster shell, NS: sodium sesquicarbonate,  
EC: expanded clay, SA: sand, GR: gravel 
1. Fed from common Stage 1 effluent collection tank. 
2. Directly connected to Stage 1 unsaturated biofilter 

B. In-Situ Vegetative/Media Simulators 
In-situ testing will be conducted using in-situ simulators as shown in Figure 3-2. The si-
mulators will consist of subsurface drip irrigation application to the root zone of surface 
vegetation, followed by downward transport through a 12 in. layer of mound sand. Un-
derlying the mound sand is a 12 in. layer of engineered media containing electron donor 
which is in turn underlain by natural soil.  
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The configuration of the in-situ simulators is shown in Table 3.7. The 21 test matrix con-
sists of subsurface drip irrigation emitter dosing of primary effluent (i.e. septic tank efflu-
ent) or nitrified effluent into the root zone of St. Augustine grass. The in-situ simulators 
will receive an average hydraulic application rate of 0.80 gallon/ft2-day on an aerial basis 
applied at 6 doses/day. Drip emitters will be placed at 12 inch spacings. Other than the 
pumping of effluent by subsurface irrigation, the in-situ simulators are completely pas-
sive systems. 

 

Figure 3-2: Cross-Section Schematic of In-Situ 
Vegetative Denite - Media Treatment System 

In the INSITU-1 simulator, primary effluent (i.e. septic tank effluent) will be applied by 
subsurface drip irrigation to a near surface location, such that STE will interact with the 
active root zone of plantings, trickle downward through the sand layer and a 12 in. zone 
containing electron donor media, and then pass through an underlying zone of natural 
undisturbed soil (Figure 3-2).  

In INSITU-2, primary effluent will first be nitrified and then applied to a near surface loca-
tion by drip irrigation and using an innovative application of a capillary seepage mat that 
has been developed for irrigation of agricultural plants by scientists at the University of 
Florida Gulf Coast Research and Education Center (GCREC). Nitrified effluent will inte-
ract with the active root zone of plantings, trickle downward through the sand layer and a 

Vegetation 

Estimated Wet Season Water Table

~ Native Soil ~ 

Expanded Clay/Sulfur/Lignocellulosic Mix 

Ground Surface 

Drip Irrigation Tubing  
and/or Capillary Mat Nitrified or Septic Tank Effluent 

Topsoil Layer 

~ Native Soil ~ 

Mound or Filter Sand 

Suction Lysimeter or Pore Water Samplers 
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12 in. zone of engineered media, and then pass through an underlying zone of natural 
undisturbed soil (Figure 3-2).  

An innovative feature of the in-situ simulator design is the use of mixed media in unsatu-
rated mode that contains both a high water retention media (expanded clay) and hetero-
trophic and autotrophic electron donor (Table 3.7). The media mix will provide three 
electron donor source options for denitrification: wastewater organics, lignocellulosics, 
and elemental sulfur. The use of solid electron donor media in an unsaturated opera-
tional mode will facilitate both aerobic processes (i.e. nitrification) and denitrification. 
This design will provide conditions for both nitrification and denitrification, with an addi-
tional supply of electron donor over that which would be available from with wastewater 
organics or endogenous carbon sources alone. 

The goal of this testing is to quantify nitrogen reduction in systems where STE or nitrified 
effluent is applied with subsurface drip emitter tubing or capillary mat to shallow loca-
tions within the subsurface which contain plant root zones, unsaturated media, and elec-
tron donor media for enhanced denitrification. Timed dosing to shallow application points 
in the subsurface could be capable of affecting nitrogen reduction. This potential for in-
situ treatment systems, including plant-assisted nitrogen transformations, has not been 
examined in Florida with innovative systems of this type but is of potentially high signific-
ance. 

Issues that may affect nitrogen reduction are average daily hydraulic application rate, 
horizontal emitter spacing, doses per day, volume per dose, and the depth at which the 
bottom of emitter tubes is placed. Emitter tubing is available with spacings of as little as 
12 in., which are preferred to typical 24 in. emitter spacings and will be used in this 
study. The lower emitter spacing results in lower effluent volume per dose at each emit-
ter that are spread more uniformly over the plan area of the dosing zone, thereby in-
creasing the effectiveness of utilization of the total plan area of the receiving surface. 
Hydraulic application rate affects volume per dose for any given dosing schedule, as in-
terrelated to dosing frequency. As the average daily hydraulic application rate increases, 
the vegetative/media system will be increasingly challenged to assimilate nitrogen in the 
applied STE and limit downward nitrogen migration. The depth of emitters and the rela-
tionship of emitted effluent to surface vegetation root zones is an ostensibly significant 
factor affecting total nitrogen reduction. A dosing event can lead to water saturation in a 
temporally and spatially limited zone that creates oxygen limited conditions that favor 
denitrification. After saturated conditions end, microenvironments with limited DO can 
persist and provide continued denitrification. When bulk pore spaces are filled with air, 
conditions can favor nitrification. Plant roots can exude organic carbon and provide an 
electron donor rich region. The combination of the supply of organic carbon and reduced 
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nitrogen in the applied STE, the varying saturation and oxygen levels resulting from the 
dosing regime, and the characteristics of the plant root zone can affect sequential nitrifi-
cation and denitrification reactions. Downward advective transport of organic carbon and 
nitrate can create a biologically active denitrification zone of some vertical extent. The 
interaction of all of these factors will determine the extent to which total nitrogen reduc-
tion can be affected by drip application of STE into plant/media systems and the signific-
ance of plant processes on overall nitrogen reduction. Another factor is downward migra-
tion of exudates from the in-situ treatment processes, including biochemical oxygen de-
mand and sulfate that will result from the electron donor media in the engineered layer of 
the drainfield which will be monitored.  Consideration of the additives rule per Florida 
Administrative Code (FAC) Chapter 64E-6 will be addressed under FOSNRS Task A.16 
“Materials Testing for FDoH Additives Rule” further described in Appendix B. Detailed 
design of in-situ simulators will be conducted in Tasks A.17 through A.19.  

For all PNRS II pilot units, system shakedown will proceed following fabrication and set 
up. System integrity and hydraulics will be fully evaluated with clean water. Basic fea-
tures of system integrity and hydraulic conveyance will be examined, including system 
leaks, gravity flow conveyance where applicable, operation of pumps and valves, and 
sample access functionality. Media will be pre-screened where needed, washed at least 
three times to remove fines, and placed to appropriate depths in the biofilters. Denitrifi-
cation biofilters will be initially filled with a clean water source which will be displaced 
upon commencement of operation. Operation on wastewater will proceed and flow moni-
toring will be commenced.  

Table 3.7 
In-Situ Vegetation/Media Simulator Configuration and Operation 

No. In-Situ 
Simulator Influent Flow 

Application Unsaturated Media Saturated 
Media 

Hydraulic 
Loading 

Rate, Plan
Area Basis, 
gallon/ft2- 

day 

Dosing
Regime

1 INSITU-1 Primary
effluent 

Subsurface 
Drip Irrigation 

Tubing 

12 in. mound sand  
12 in. 0.5-1 mm  45% EC  

35% LS  20% SU 
Native soil 0.80 6/day 

2 INSITU-2 Nitrified 
effluent 

Subsurface 
Drip Irrigation 

Tubing 

12 in. mound sand 
12 in. 0.5-1 mm  45% EC  

35% LS  20% SU 
SU: elemental sulfur    LS: lignocellulosic     EC: expanded clay  
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Task 4: Operation and Monitoring of Pilot Systems 
The biofilter systems will be operated over a twelve month period, dependent on addi-
tional funding, during which six monitoring events will be conducted. The analytical tem-
plate is shown in Table 3.8. A detailed analytical description is included in Appendix A. 
As outlined in Table A.1, there are up to 32 sampling points and a monitoring analyses 
structure that employs four analytical tiers. Tier 1 analytes include field and laboratory 
parameters that will be monitored at each sample point (up to 32) and at each sample 
event. Potential monitoring points are STE (1), Stage 1 effluents (11), Stage 2 influent 
(1), and horizontal Stage 2 effluents (9).  In addition, the in-situ soil/vegetative simulator 
effluents will be monitored at 2 sampling points within each mound at up to 5 depths 
each (10). Tier 1 analytes include field parameters (temperature, pH, dissolved oxygen 
(DO), and oxidation reduction potential (ORP); the nitrogen series (laboratory parame-
ters) of total kjeldahl nitrogen (TKN), ammonia (NH3), and oxidized nitrogen (NOx); five 
day carbonaceous biochemical oxygen demand (C-BOD5) and total suspended solids 
(TSS). Tier 2 analytes are supporting parameters that will be monitored at much reduced 
frequency at the sample points. Tier 3 parameters will be conducted only on sulfur-
based denitrification biofilter sample points. Tier 4 analyte is fecal coliform which will be 
monitored at a much reduced frequency at the sample points (Table 3.8). 

Table 3.8 
Analyses Template 

Analysis 
Tier 

Number of 
events Sample points Analytes Total number

of analyses 

1 6 32 

Temperature 192 
pH 192 
DO 192 

ORP 192 
Alkalinity 192 

TKN 192 
NH3-N 192 

(NO3+NO2)-N 192 
C-BOD5 192 

TSS 192 

2 1 – 4 32 
COD 68 

Total phosphorus 38 

3 4 – 6 16 
(sulfur systems) 

Sulfate 108 
H2S 72 

4 3 32 Fecal Coliform 96 
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Task 5: Preparation of Draft Report 
A draft report will be prepared describing pilot testing methods and procedures, results 
of the research, discussion and conclusions, and all monitoring data. The draft report will 
be submitted to FDOH for review and comment. 

Task 6: Preparation of Final Report 
A final report will be prepared based on comments from reviewers of the draft report. 
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Section 4.0 
Quality Objectives and Criteria 

The objective of this monitoring program is to evaluate media for passive nitrogen re-
moval from septic tank effluent. The following summarizes the work to be performed: 

● Two stage biofilters and passive in-situ systems will be constructed and operated 
on primary effluent over a twelve month period. 

● The flowrates to each biofilter system provide a range of hydraulic loading rates. 

● First stage recycle will be employed to evaluate pre-denitrification. 

● Monitoring will be conducted for septic tank effluent, effluent from the Stage 1 
(unsaturated) biofilters and effluent from the Stage 2 (saturated) biofilters. 

● Field parameters will be monitored at the site. Samples will be collected and 
transported to the laboratory for analysis of nitrogen species, sulfate and other 
wet chemistry parameters. 

● Operation or configuration of the biofilters will be modified based on analysis of 
results and adaptive management. 

● In-situ soil/vegetative evaluations will be conducted using subsurface drip irriga-
tion technology with emitters located in root zone and monitoring to develop ni-
trogen concentrations and vertical nitrogen flux. 

The monitoring data will be used to calculate: 

1. average concentrations and standard deviations of water parameters in septic 
tank effluent, Stage 1 effluent and Stage 2 effluents; 

2. percent removal nitrogen and nitrogen species in Stage 1 biofilters, Stage 2 bio-
filters and two stage biofilter systems; 

3. changes to dissolved oxygen, pH, oxidation reduction potential and alkalinity 
through biofiltration treatment stages;  
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4. average applied hydraulic loading rate, applied loading rates of total nitrogen and 
nitrogen species; and 

5. vertical nitrogen flux in in-situ soil/vegetative systems. 

4.1 Precision and Accuracy 
Precision describes the reproducibility of results. Accuracy is the degree of agreement 
between an observed value and an accepted reference value. Accuracy will be eva-
luated through the analysis of surrogate spikes, Laboratory Control Samples (LCS), La-
boratory Control Sample Duplicates (LCSD), matrix spike samples (MS/MSD) and labor-
atory internal blind audit samples. Precision and accuracy information is tracked by the 
laboratory, with acceptable ranges updated periodically. NELAC requirements include 
the analysis of proficiency test samples to evaluate precision and accuracy. Analytical 
methods, precision and accuracy, method detection limits and practical quantification 
limits are shown in Table 4.1 for parameters which will be measured as part of the base 
monitoring program, as well as other potential parameters of interest. GCREC is not a 
NELAC certified laboratory; however, GCREC staff includes trained and qualified pro-
fessionals with extensive experience in NELAC procedures and quality control who will 
insure that NELAC requirements are fully met. 
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Table 4.1 
Aqueous Methodology, Precision and Accuracy, Detection Limits 

Analyte Method 
Precision

(%) 
Accuracy

(%) 
MDL 

(ppm) 
PQL 

(ppm) 
pH SM4500H+B 20 NA 0.1 pH units 0.1 pH units

Turbidity 180.1 20 90-110 0.2 NTU 0.2 NTU
Alkalinity SM2320 B 20 90-110 5.0 5.0
C-BOD5 SM5210 B 20 85-115 2.0 2.0

COD 410.4 20 90-110 12.09452 25
TOC SM5310 B 20 90-110 0.14778 1.0
TSS SM2540 D 20 90-110 5.0 5.0
TKN 351.2 20 90-110 0.07121 0.5

NH3-N 350.1 20 90-110 0.02 0.05
(NO3+NO2)-N 353.2 20 90-110 0.02541 0.05

Total Phosphorus 365.1 20 90-110 0.0094 0.0376
Sulfate 300.0 20 90-110 0.05523 0.5

H2S SM4500S-E 20 80-120 1.0 1.0

Fecal coliforms SM9222 B or
SM9222 D 20 NA 1.0 1.0 

Total coliforms SM9222 B 20 NA 1.0 1.0
Escherichia coli SM9222 B 20 NA 1.0 1.0

MDL = method detection limit 
PQL = practical quantitation limit 

4.2 Representativeness 
Representativeness refers to the relationship of a sample taken from a site to be ana-
lyzed to the remainder of the sample matrix at the site. The samples will be taken direct-
ly from the influents and effluent of the biofilters and will provide representativeness. 

4.3 Comparability 
The use of NELAC approved procedures and consistent approved methodologies en-
sure the comparability of data sets generated by different laboratories. 

4.4 Completeness 
Completeness is defined as a measure of the extent to which the data fulfill the data 
quality objectives of the project. The completeness of the data will be determined during 
the data validation and verification process. 
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Section 5.0 
Documentation and Records 

All documentation archives will be kept for a minimum of 5 years after the date of project 
completion as outlined in Table 5.1. Reports and deliverables will be submitted in Word 
or Excel format. 

Table 5.1 
Documentation and Records Storage 

Document/Record Location Retention Time Format 

 QAPP and revisions Hazen and Sawyer,
AET 

5 years after project 
 completion Paper, electronic 

 Field notes Hazen and Sawyer 5 years after project 
 completion Paper 

 Chain of custody Hazen and Sawyer,
Lab 

5 years after project 
 completion Paper 

 Laboratory QA manual Lab 5 years after project 
 completion Paper, electronic 

 Laboratory SOPs Lab 5 years after project 
 completion Paper, electronic 

 Laboratory data reports Hazen and Sawyer,
Lab 

5 years after project 
 completion Paper, electronic 

 Laboratory equipment 
 maintenance logs 

Lab 5 years after project 
 completion Paper 

 Laboratory calibration 
 records 

Lab 5 years after project 
 completion Paper, electronic 

5.1 Field Documentation 

1. Field Notes 
Field notes will be documented and maintained by field staff. 

2. Field Parameters 
Field staff will record specific sample point, date and time of sample collection, 
parameter name, result and units 
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CHAIN   OF   CUSTODY   RECORD No.  E Page ____ of ____

 FOR LAB USE ONLY FOR LAB USE ONLY

Condition of Contents:  Submission No.
(INSTRUCTIONS ON BACK OF THIS FORM) Temp. of Contents:_______oC (or Received on Ice, ROI) Condition of Seals:  ___________

1. Client: (Company or Individual) Address: 13097 N Telecom Parkway  Phone: (         ) 18.  Report Type:
  Routine

City State Zip Code Fax:     (         )   Standard QC
Tampa FL   Data Package

2. Report to: (if different from above) Address: Phone: (         ) 19.  Turnaround Time
Standard

City State Zip Code  Fax:     (         ) Rush :__/___/__  

3. Client Project Name:  Water Sample  Container Codes 14. 15. Preservatives  Preservative Codes
Baffle Box Research Project  Codes (for  Item 13)  (for Item 16) 16. Containers (for Item 15)

4. Client Project No.:  DW = Drinking Water  V = VOA vial 17. PO4  C = Cool Only
5. P.O. No.:  GW = Ground Water  G = glass  TSS  H = Hydrochloric Acid
6. Custody Seal No.:  SW = Surface Water  P = plastic  CBOD5  M = Monochloroacetic Acid

7. Sampled By: Daniel Smith  PW = Processed Water  M = micro bag/cup COD  N = Nitric Acid

8. Shipping Method:  WW = Waste Water  O = other   TP  OH = Sodium Hydroxide

9.    Sample 10.   Sample 11. 12. 13. NOx  S = Sulfuric Acid
    ID or No. Description        TKN _ _______  T = Sodium Thiosulfate

It
em Date Time C
om

p.

G
ra

b

W
at

er
(C

od
es

)

A
ir

So
il

Sl
ud

ge

O
th

er

NH3   20.  REMARK
LAB USE ONLY                 

LAB SAMPLE NO.

1

2

3

4
5

6

7

8

9

10
 21.      RELINQUISHED BY DATE TIME  22.      RECEIVED BY DATE TIME  FOR LAB USE ONLY

1  Sampling Fee: ___________ Hrs.

2  Equipment Rental Fee:_________

3 Profile No.: Quote No.:

4
DISTRIBUTION:   White with report; Blue, Green, Yellow to labs; Gold to submitter Revised: 

3. Sample Collection, Preservation and Transport 
Chain of custody forms and sample tags attached to sample bottles will be sup-
plied by the laboratory. Figure 5-1 depicts a typical chain of custody form. Legal 
or evidentiary chain of custody as defined in the NELAC standards will be ex-
ecuted. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5-1: Typical Chain of Custody Form 

5.2 Laboratory Documentation and Reporting 
Laboratory deliverables will be submitted in Word or Excel format. Laboratory reports will 
be issued in accordance with NELAC requirements. Certificates from vendors will be re-
tained, whether from a laboratory or commercial vendor. Records of the lot numbers of 
reagents and other cleaning supplies, with the inclusive dates for use, will be recorded. 
Pre-cleaned container packing slips, lot numbers of shipments, and certification state-
ments provided by the vendor will be retained by laboratories. All local, state and federal 
requirements pertaining to waste storage and disposal will be followed. 

5.3 Archival of Electronically Stored Data 
Analytical reports generated will be retained by Hazen and Sawyer and the laboratories 
performing the analyses. 
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Section 6.0 
Sampling Process Methodology 

6.1 Site Location 
The project will be conducted at the Gulf Coast Research and Education Center in 
Hillsborough County as discussed in Section 2B. 

6.2 Monitoring and Sampling Frequency and Duration 
The biofilter systems will be monitored six times, dependent on future funding, over a 
twelve month period. 

6.3 Number of Samples and Matrices 
All sampling will be aqueous samples. On each monitoring date, samples will be col-
lected for septic tank effluent, the effluents from Stage 1 biofilters, and the effluents from 
Stage 2 biofilters. Field analysis will be performed upon sample collection. Aqueous 
samples for laboratory analysis will be collected in sample containers prepared by the 
laboratories, maintained in an iced cooler during collection and transport, and trans-
ported to the laboratory. Samples will arrive at laboratories within twenty four hours after 
the completion of collection activities, or as needed for shorter sample hold times. Field 
analysis will be performed on the same date and for the sample locations taken for 
aqueous laboratory samples. Samples for field analyses will be collected in separate 
containers from laboratory samples. Stage 1 and 2 field parameter analyses will be 
measured in-situ by placing probes directly into collected samples or directly into effluent 
pipes.  Shipping coolers will be supplied and decontaminated by the laboratories. Sam-
ple preservation and holding times are provided in Table 6.1 for parameters which will be 
measured as part of the base monitoring program, as well as other potential parameters 
of interest. The laboratories will follow all local, state and federal requirements pertaining 
to waste storage and disposal. No equipment except the sample container will be used 
to collect the samples, and the sampling equipment will be certified clean by the labora-
tory providing the equipment. A field blank will be collected for TKN, NH3 and NO3+NO2 
for a minimum of 5% of samples collected over the life of the project using distilled water 
supplied by the laboratories. As a part of its QC, laboratories will perform sample dupli-
cates for a minimum of 5% of samples. Laboratory QC will also include matrix spikes, 
percent recovery on QC standards, and method blanks. 
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Table 6.1 
Aqueous Matrix Containers, Preservation and Holding Times 

Analyte Method 

Minimum 
Sample 
Volume 

Holding 
Time 

Container 
Type 

Sample 
Preservation 

Preservative 
Dosage 

Physical and Inorganic Parameters 
Alkalinity as 
CaCO3 

310.1/SM2320B 100 mL 14 days 250 mL 4o C n/a 

Ammonia 350.1 25 mL 28 days 250 mL 1:1 H2SO4 to pH < 2 1 mL/ 250 mL 

BOD / cBOD SM5210B/405.1 1 L 48 hours 1 L Plastic 4o C n/a 

Chloride 300 50 mL 28 days 250 mL 4o C n/a 

COD 410.4 50 mL 28 days 250 mL 1:1 H2SO4 to pH < 2 1 mL/ 250 mL 

Hydrogen 
Sulfide 

376.1 500 mL 7 days 500 mL 
Plastic 

Zinc Acetate / NaOH .1 / .5 gm/ 500 
mL 

Nitrate/Nitrite-N 
(NOX) 

SM4500 50 mL 28 days 250 mL 1:1 H2SO4 / 4 o C l mL/ 250 mL 

Nitrate-N SM4500 50 mL 48 hours 250 mL 4o C n/a 

Nitrite-N SM4500 50 mL 48 hours 250 mL 4o C n/a 

Organic 
Nitrogen 
(calculation) 

350.1/351.2 100 mL 28 days 500 mL 1:1 H2SO4 to pH < 2 1 mL/ 250 mL 

Ortho 
Phosphorus 

365.4/9056/300.0 25 mL 48 hours 250 mL 4o C n/a 

pH SM4500HB 50 mL 24 hours 250 mL 4o C n/a 

Sulfate 300 10 mL 28 days 250 mL 4o C n/a 

Sulfide 376.1/9030/9034 500 mL 7 days 500 ml NaOH + Zn Acetate 1 mL/ 500 mL 

TKN 351.2 100 mL 28 days 250 mL 1:1 H2SO4 to pH < 2 1 mL/ 250 mL 

Total Nitrogen 
(calculation) 

300.0/351.2 100 mL 28 days 250 mL 1:1 H2SO4 to pH < 2 1 mL/ 250 mL 

Total Organic 
Carbon (TOC) 

415.1/SM5310B 25 mL 28 days 125 mL Plastic HCl to pH < 2 / 4 o C .5 mL/ 125 mL 

Total 
Phosphorus 

365.2/365.4 50 mL 28 days 250 mL 1:1 H2SO4 to pH < 2 1 mL/ 250 mL 

Total 
Suspended Solids 

160.2 300 mL 7 days 1 L Plastic 4o C n/a 

Turbidity 180.1 30 mL 48 hours 125 mL Plastic 4o C n/a 
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Table 6.1 
Aqueous Matrix Containers, Preservation and Holding Times 

Analyte Method 

Minimum 
Sample 
Volume 

Holding 
Time 

Container 
Type 

Sample 
Preservation 

Preservative 
Dosage 

Microbiological Parameters 
Total Coliform 
(MMO-Mug) 

SM9223 100 mL 30 hours Micro-cup 4o C n/a 

Total Coliform 
(MF) 

SM9222 100 mL 6 hours Micro-cup 4o C n/a 

Fecal 
Coliform (MF) 

SM9222 100 mL 6 hours Micro-cup 4o C n/a 

Standard Plate 
Count 

SM9222 100 mL 8 hours 
(DW) 

Micro-cup 4o C n/a 

Standard Plate 
Count 

SM9222 100 mL 6 hours 
(WW) 

Micro-cup 4o C n/a 

Fecal 
Coliform (MPN) 

SM9221 100 g. 24 hours Micro-cup 4o C n/a 

Short hold times 

Minimum volume does not include sample volume needed to perform required quality control parameters 

6.4 Inspection/Acceptance of Supplies and Consumables 

1. Sample Containers 
To be provided by the laboratory prior to each sampling event. 

2. Sample Coolers 
To be provided by the laboratory prior to each sampling event. 
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Section 7.0 
Data Review, Verification and Validation 

7.1 Data Verification 
Data verification is the process for evaluating the completeness, correctness, and con-
formance of the data set against the methodology. This evaluation is integral to the final 
report. Verification will check that the data were complete, that sampling and analysis 
matched QAPP requirements, and that Standard Operating Procedures (SOPs) were 
followed. Verification of data compiled for a sampling event will be the responsibility of 
the Task Leader.  

7.2 Data Validation 
Data validation is an analyte and sample specific process that determines the quality of 
the data set relative to the end use. The entire set of data collected from individual biofil-
ters and from the total set of biofilters operated during PNRS II will be entered into 
spreadsheets to enable global evaluation of individual parameters, trend analysis, quality 
of the overall data sets, and assessment of suitability for end use. In this process, out-
liers and data discrepancies will be identified. Any data deemed to be unusable for the 
stated objectives will be identified as such in the final report. 
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Section 8.0 
References 
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Appendix A 
Analytical Schedule 

 
 

Table A.1 
Estimated Number of Analyses at each 

Monitoring Point for each Sampling Event 

Sample 
point 

Influent 
(STE) 

Vertical 
non-sulfur 
Stage 1 
effluent 

Vertical 
sulfur 

Stage 1 
effluent

Stage 2 
influent 

Horizontal 
sulfur  

Stage 2 
effluent 

Horizontal 
non-sulfur 
Stage 2 
effluent 

In-situ  
vegetative/

media  
simulator  

SP#1 

In-situ 
vegetative/

media 
simulator 

SP#2 
No. of 
sample 
points 1 9 2 1 4 5 5 5 

Analyses No. of Sample Events 
Temp 6 6 6 6 6 6 6 6 

pH 6 6 6 6 6 6 6 6 
DO 6 6 6 6 6 6 6 6 

ORP 6 6 6 6 6 6 6 6 
Alkalinity 6 6 6 6 6 6 6 6 

TKN 6 6 6 6 6 6 6 6 
NH3 6 6 6 6 6 6 6 6 
NOx 6 6 6 6 6 6 6 6 

C-BOD5 6 6 6 6 6 6 6 6 
TSS 6 6 6 6 6 6 6 6 
COD 4 2 2 4 2 2 2 2 

Total P 4 1 1 4 1 1 1 1 
SO4 6 0 6 6 6 0 6 6 
H2S 4 0 4 4 4 0 4 4 

Fecal 3 3 3 3 3 3 3 3 
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Table A.2 
Estimated Total Number of Analyses 

at each Monitoring Point over PNRS II Study 
 

Influent 
(STE)

Vertical 
non-sulfur 
Stage 1 
effluent 

Vertical 
sulfur 

Stage 1 
effluent

Stage 2 
influent

Horizontal 
sulfur 

Stage 2 
effluent 

Horizontal 
non-sulfur 
Stage 2 
effluent 

In-situ 
vegetative/ 

media 
simulators 

SP#1 

In-situ 
vegetative/

media 
simulators 

SP#2 

Total 
Samples

 1 9 2 1 4 5 5 5 
Analyses No. of Samples 

Temp 6 54 12 6 24 30 30 30 192 

pH 6 54 12 6 24 30 30 30 192 

DO 6 54 12 6 24 30 30 30 192 

ORP 6 54 12 6 24 30 30 30 192 

Alkalinity 6 54 12 6 24 30 30 30 192 

TKN 6 54 12 6 24 30 30 30 192 

NH3 6 54 12 6 24 30 30 30 192 

NOx 6 54 12 6 24 30 30 30 192 

C-BOD5 6 54 12 6 24 30 30 30 192 

TSS 6 54 12 6 24 30 30 30 192 

COD 4 18 4 4 8 10 10 10 68 

Total P 4 9 2 4 4 5 5 5 38 

SO4 6 0 12 6 24 0 30 30 108 

H2S 4 0 8 4 16 0 20 20 72 

Fecal 3 27 6 3 12 15 15 15 96 

 

 



o:
\4

42
37

-0
01

R
00

3\
W

pd
oc

s\
R

ep
or

t/F
in

al
 

 

FLORIDA ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY PAGE B-1 
PNRS II - QUALITY ASSURANCE PROJECT PLAN HAZEN AND SAWYER, P.C. 

Appendix B 
Amendments to QAPP 

B.1 February 2010 Amendment for Additives Rule 
At the request of FDOH materials testing to comply with Florida’s Additive Rule for Septic 
System Products will be conducted as part of this QAPP.  Initially, the testing will be for 
the four products described below.  The department shall have the option of ordering (in 
writing) testing for additional products in future years as it determines necessary for the 
project.  Four submittals will be prepared for the Florida’s Additive Rule for Septic System 
Products based on the following products/applications: 

 
No. 1  PNRS II Unsaturated Biofilter No. 10, In-Situ Simulator: Single pass biofilter 

containing expanded clay, lignocellulosic and elemental sulfur media underlying 
filter sand and receiving primary effluent  

No. 2 PNRS II Unsaturated Biofilter No. 11, In-Situ Simulator: Single pass biofilter 
containing expanded clay, lignocellulosic and elemental sulfur media underlying 
filter sand and receiving nitrified primary effluent 

No. 3 Oyster shell as a general solid phase alkalinity source for use in Florida onsite 
wastewater systems, including as media component in saturated and unsatu-
rated biofilters 

No. 4 Sodium sesquicarbonate as a general solid phase alkalinity source for use in 
Florida onsite wastewater systems, including as media component in saturated 
and unsaturated biofilters 

 
Testing for each product will include collection, assembly, evaluation, and presentation of all 
required information to enable FDoH evaluation for compliance with Florida’s Additive Rule 
for Septic System Products. 
 
For the PNRS II Unsaturated Biofilters (Submittals No. 1 and 2), influent and effluent sam-
ples of steadily operating biofilters will be collected.  Influent and effluent samples will each 
be evaluated by Acute Definitive Toxicity Testing (96 hour LC50) using Bannerfin shiner ac-
cording to standard protocols included in Acute Toxicity of Effluents and Receiving Waters 
to Freshwater and Marine Organisms (EPA-821-R-02-012).   Laboratory water quality ana-
lyses of will be conducted on influent and effluent samples, and will include Volatile Organic 
Compounds (EPA 8260) and possibly also sulfate, hydrogen sulfide and carbonaceous five 
day biochemical oxygen demand.  Bioassays and water quality analyses will be conducted 
by certified laboratories. 
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Oyster shell and sodium sesquicarbonate (Submittals No. 3 and 4) will be evaluated as 
general alkalinity sources for Florida onsite wastewater treatment systems.  The approval of 
these materials under Florida’s Additive Rule for Septic System Products will enable these 
materials to be used in a wide variety of onsite wastewater systems throughout the State.   
These solid granular materials will be evaluated using a batch leaching test procedure that 
will be developed for the purpose of the Additive Rule evaluation.  In the batch leaching test, 
a known mass of granular material will be introduced into a glass leaching chambers and 
mixed with a synthetic, moderately hard water that is compatible with an acute 96 hours 
Bannerfin shiner bioassay.  Batch leaching tests will be conducted with continuous gentle 
mixing and under zero headspace conditions.  The leaching test will be conducted for a 4 to 
7 day period.  At the end of the leaching period, mixing will be discontinued and the suspen-
sion settled for one hour. Supernatant samples will be withdrawn for chemical analyses, fol-
lowed by supernatant withdrawal for toxicity bioassay.  Starting water and leachate samples 
will each be evaluated by Acute Definitive Toxicity Testing (96 hour LC50) using Bannerfin 
shiner according to standard protocols included in Acute Toxicity of Effluents and Receiving 
Waters to Freshwater and Marine Organisms (EPA-821-R-02-012).   Water quality analyses 
of influent and effluent samples will be conducted, including Volatile Organic Compounds 
(EPA 8260), and calcium and sodium if required.  Bioassays and water quality analyses will 
be conducted by certified laboratories. 
 
 
 
 

 



AMENDMENT # 001 

 THIS AMENDMENT, entered into between the State of Florida, Department of Health, 
hereinafter referred to as the “department” and Hazen and Sawyer, P.C., hereinafter referred to 
as the “provider”, amends contract # CORCL. 
 

1. Attachment I of Contract is hereby amended to read: 
 

 
Section B. and Section C. shall be amended to read: 
 

B.  MANNER OF SERVICE PROVISION 

1.  Service Tasks 

a) Task List  

This section describes the tasks, subtasks and deliverables associated with the Florida Onsite 
Sewage Nitrogen Reduction Strategies project.  Following the task and deliverable descriptions 
is a table (Table I) summarizing the estimated cost components by deliverable and year.  
 
Some tasks are identified to occur in years after the first year.  Funding for these tasks is not 
available at the time of execution of this document and is uncertain.  Details of the tasks 
identified for subsequent years, including deliverables and prices, will be determined in an 
amendment to this contract before work on these tasks begins.  The department will authorize 
the provider to proceed with the individual tasks in writing. 
 
Task A: Technology Evaluation for Field Testing: Review, Prioritization, and Development 
 
The provider will: 

 Perform literature review to evaluate nitrogen reduction technologies 
 Develop technology classification scheme 
 Formulate criteria for ranking of nitrogen reducing technologies 
 Rank and prioritize nitrogen reduction technologies for field testing 
 Conduct technology ranking workshop with RRAC 
 Prepare innovative systems application 
 Conduct Technology Development in Passive Nitrogen Removal Study II 

 
Sub-tasks and Deliverables 
 

1. Literature Review (draft) 
The literature review of nitrogen reducing technologies completed as part of the Passive 
Nitrogen Removal Study commissioned by FDOH in 2007 will be updated with 
information which has emerged since the original study.  The scope of the review will be 
expanded from the Passive Nitrogen Removal Study to include source separation, active 
systems, modifications to conventional onsite treatment systems, including modified soil 
treatment units, in addition to passive systems.  The provider shall produce a searchable 
literature reference database, compatible with Endnote X or other department approved 
software format.  The literature reference database shall not infringe on any copyrights.  
The provider shall also produce a technology database, in tabular or other department 
approved format, that will facilitate establishment of categories for summary and 
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comparison, assessment of individual citations within the context of organizational 
categories, and analysis of trends and differences among systems.  The categories shall 
include items such as treatment classification, media type, wastewater source, treatment 
configuration, documented effectiveness, documented and theoretical longevity, cost, 
nutrient recovery, and effect of water chemistry.  The provider shall summarize the 
updated literature review in a report.  
 
Deliverable:  Draft updated literature reference database; draft updated technology 
database; draft updated literature review report.  THIS SUBTASK WAS COMPLETED 
PRIOR TO AMENDMENT 1 AND IS ONLY INCLUDED HERE TO MAINTAIN 
COMPLETENESS OF SCOPE. 
 

2. Literature Review (final) 
The department will gather comments on the draft documents of sub-task A1 from 
RRAC and any other interested parties and transmit such comments to the provider 
within one month of receiving the draft.  The provider will address these comments in 
preparing final deliverables for the literature review within one month of receiving 
comments.   
 
Deliverable:  Updated literature reference database; updated technology database; 
updated literature review report. THIS SUBTASK WAS COMPLETED PRIOR TO 
AMENDMENT 1 AND IS ONLY INCLUDED HERE TO MAINTAIN COMPLETENESS 
OF SCOPE. 
 

3. Classification of Technologies (draft) 
The provider will develop a scheme to classify and group identified nitrogen reduction 
technologies and practices to summarize the literature and facilitate comparisons 
between similar technologies.  Four classifications are envisioned:  waste stream 
alteration (such as blackwater systems, and urine separation); conventional OSTDS 
alteration (such as dosed vs. gravity systems, operational strategies, installation depth); 
passive nitrogen removal (OSTDS systems using no more than one pump and excluding 
aerators); active nitrogen removal (mechanical systems utilizing more than one pump or 
aerators).  The preliminary classification scheme will be presented to the RRAC at a 
workshop, which will provide a forum for full vetting and discussion.  
 
Deliverable:  Draft classification scheme of technologies report.  THIS SUBTASK WAS 
COMPLETED PRIOR TO AMENDMENT 1 AND IS ONLY INCLUDED HERE TO 
MAINTAIN COMPLETENESS OF SCOPE. 
 
 

4. Technology Ranking Criteria (draft) 
The provider will develop evaluation criteria to rank technologies and practices to 
determine which best meet the goals of the project and shall have priority for further 
development or field evaluation. Criteria will build on and may lead to revisions to the 
categories developed in the literature review and include characterizations of nitrogen 
removal effectiveness, maturity of technology including status in Florida, costs (energy, 
maintenance, monitoring, replacement of parts and media), critical knowledge gaps, 
likelihood of success, need to field test, and the feasibility of obtaining data from existing 
installations in Florida. The provider will evaluate the technologies classified in sub-task 
A3 relative to each criterion.  The provider will propose draft sets of weights to 
characterize the relative importance of each criterion for a) work during the initial funding 
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period; b) work during future funding periods. The provider will prepare a working 
document, such as a calculation table, that shows the ranking of technologies given the 
evaluations relative to the criteria and the relative weights of each criterion.  The provider 
will summarize criteria and weights in a report. 
 
Deliverable: Draft summary of criteria and proposed weights for short-term and long-
term testing, working document for obtaining technology ranks from evaluations to 
criteria and criteria weights.  THIS SUBTASK WAS COMPLETED PRIOR TO 
AMENDMENT 1 AND IS ONLY INCLUDED HERE TO MAINTAIN COMPLETENESS 
OF SCOPE. 
 
 

5. Priority List for Testing (draft) 
The provider will propose additional criteria to consider in establishing priorities for 
testing from the top ranked technologies and practices.  Such criteria may address 
representation of several technology classifications (sub-task A3), similarity of 
technologies or several maturity levels in the study.  The purpose of prioritization is to 
select the more promising technologies that may not have sufficient prior testing or that 
may be differently configured to improve performance, and to avoid duplicating testing 
where substantial experience already exists. The provider will also list technologies to be 
considered for sub task A10 and A11 (innovative system application assistance).   
 
Deliverable:  Draft summary of additional criteria; Draft priority list for testing.  THIS 
SUBTASK WAS COMPLETED PRIOR TO AMENDMENT 1 AND IS ONLY INCLUDED 
HERE TO MAINTAIN COMPLETENESS OF SCOPE. 
 
 

6. Technology Classification, Ranking and Prioritization Workshop 
The provider will present the preliminary technology classification, rankings and priority 
lists developed in sub-task A3, A4 and A5 to the RRAC at a public workshop, which will 
provide a forum for full vetting and discussion of evaluation criteria and their assigned 
weights.  This one day roundtable workshop with the Research Review and Advisory 
Committee (RRAC) will present the results and recommendations contained in the draft 
reports of technology classification, ranking and prioritization.  The provider will facilitate 
RRAC’s development of guidance on modifications to the draft classification, ranking 
and prioritization. Unless this guidance results in a need for further information collection 
by the provider, RRAC will provide comments on the priority lists for the initial and future 
funding periods.  The comments and concerns of the RRAC will be documented and 
incorporated into the three final reports. 
 
Deliverable:  Public RRAC-Workshop, Summary of the workshop.  THIS SUBTASK 
WAS COMPLETED PRIOR TO AMENDMENT 1 AND IS ONLY INCLUDED HERE TO 
MAINTAIN COMPLETENESS OF SCOPE. 
 
 

7. Classification of Technologies (final) 
The provider will incorporate RRAC comments and concerns and comments provided by 
the department within two weeks of the workshop into the final classification scheme.   
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Deliverable:  Final report.  THIS SUBTASK WAS COMPLETED PRIOR TO 
AMENDMENT 1 AND IS ONLY INCLUDED HERE TO MAINTAIN COMPLETENESS 
OF SCOPE. 
 
 

8. Technology Ranking Criteria (final) 
The provider will incorporate RRAC comments and concerns and comments provided by 
the department within two weeks of the workshop into the final technology ranking 
scheme.   
 
Deliverable:  Final report.  THIS SUBTASK WAS COMPLETED PRIOR TO 
AMENDMENT 1 AND IS ONLY INCLUDED HERE TO MAINTAIN COMPLETENESS 
OF SCOPE. 
 
 

9. Priority List for Testing (final) 
The provider will incorporate RRAC comments and concerns and comments provided by 
the department within two weeks of the workshop into the draft priority list. 
 
Deliverable:  Final report. THIS SUBTASK WAS COMPLETED PRIOR TO 
AMENDMENT 1 AND IS ONLY INCLUDED HERE TO MAINTAIN COMPLETENESS 
OF SCOPE. 
 
 

10. Innovative Systems Application Report (draft) 
Based on the technology evaluation in sub-task A5, the provider will identify emerging 
and innovative technologies that have not matured or are not currently permitted by 
FDOH but rank high for consideration for testing.   For up to five technologies, the 
provider will complete or assist the manufacturer if appropriate, in completing an 
innovative system application for acceptance by FDOH, for which field testing of Task B 
will be part of the proposed innovative system monitoring protocol. 
 
Deliverable:  Innovative system application (per technology, up to five). 
 

11. Innovative Systems Application Report (final) 
The provider will respond or assist the manufacturer in responding to any requests for 
additional information by the department in regard to the innovative system applications. 
 
Deliverable:  Additional information resulting in an innovative permit by the department 
(per technology if additional information is requested by the department, up to five).   

 
12. Identification of Test Facility Sites (per site agreement) 

The provider will identify and evaluate potential sites for their suitability for establishing 
test centers. Among these potential sites will be the Gulf Coast Research and Education 
Center and the University of South Florida (USF) Lysimeter Station. Test facility site 
evaluations will include the feasibility of multiple treatment technology testing as well as 
the ability to monitor non-comingled subsurface plumes and the assessment of 
subsurface nitrogen fate and transport.  Salient issues include space availability, site 
access, wastewater source of sufficient quantity and availability, subsurface hydrology, 
power supply, and security.  The provider will  obtain a letter of authorization from the 
respective property owners for establishing and operating test centers on their property, 
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and for ownership and continued use after project is completed.  If a potential site is 
deemed unsuitable for use in this project, a brief evaluation memo shall be prepared 
documenting the evaluation of the site and reasons for not recommending the site as a 
test facility location.   
 
Deliverable: Site evaluation memo, or letter of authorization 

 
13. Passive Nitrogen Removal Study II Quality Assurance Project Plan (draft) 

The provider will develop a draft QAPP that documents the objectives, experimental 
design, system operation, analytical methods, and sampling frequencies to be used in 
PNRS II.  The objectives are to 1) directly address denitrification, which the provider 
proposes as the highest priority onsite nitrogen removal knowledge gap; 2) expand the 
performance envelope for the innovative unsaturated filter media filters demonstrated in 
the PNRS I; 3) delineate TN removal capability of PNRS I media using pre-
denitrification; 4) establish test systems that are close to full scale; 5) enable critical 
testing of a large number of systems to be completed within the first project year; 5) 
produce key data which can then be used directly for design of denitrification filters for 
subsequent full scale testing at home sites; 6) develop data for preliminary life cycle cost 
analysis and resource needs. 
 
The experimental design is expected to consist of a battery of passive nitrogen removal 
treatment systems fabricated to evaluate salient design features of passive nitrogen 
removal systems including filter media, media stratification, surface loading rates, filter 
length, geometry, and aspect ratios, and unsaturated filter recycle for pre-denitrification 
and alkalinity recovery.  The test configuration is anticipated to consist of a common 
wastewater feedstream, a suite of vertical unsaturated filters supplied by a common 
septic tank effluent (STE) feedstream, mixing of the unsaturated filter effluents to provide 
a common influent to the denitrification filters, a suite of horizontal saturated filters using 
lignocellulosic and sulfur reactive media and liquid carbon dosing as well as other 
system designs, and a means of final effluent disposal.  The draft QAPP will address 
additives issues per Florida Administrative Code (FAC) Chapter 64E-6. The draft QAPP 
will propose where the test facility will be located and operated to determine nitrogen 
removal performance and optimize design variables. 
 
Deliverable:  Draft QAPP. THIS SUBTASK WAS COMPLETED PRIOR TO 
AMENDMENT 1 AND IS ONLY INCLUDED HERE TO MAINTAIN COMPLETENESS 
OF SCOPE. 
 
 

14. Recommendation for Process Forward 
Based on the details agreed upon in the draft QAPP, the provider will develop a 
recommendation whether or not to proceed with the remainder of Task A as outlined 
below, or recommend an amendment to this contract, and present a revised cost 
estimate. This will include a recommendation on whether the USF Lysimeter Station 
should be renovated and utilized as a test facility for this project. Both the provider and 
FDOH shall reach a written agreement prior to moving forward with the remaining parts 
of Task A. 
 
Deliverable:  Meeting summary and recommended scope and budget revisions. THIS 
SUBTASK WAS COMPLETED PRIOR TO AMENDMENT 1 AND IS ONLY INCLUDED 
HERE TO MAINTAIN COMPLETENESS OF SCOPE. 
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15. PNRS II Quality Assurance Project Plan (final) 
The department will gather comments on the draft QAPP from RRAC and any other 
interested parties and transmit such comments to the provider within one month of 
receiving the draft.  The provider will address these comments in preparing final 
deliverables within one month of receiving comments.  If the provider subsequently 
recommends modifying or adding procedures to address conditions encountered in the 
field, the QAPP may be revised or appended upon mutual agreement between provider 
and the department. 
 
Deliverable:  Final QAPP to be approved by FDOH. THIS SUBTASK WAS 
COMPLETED PRIOR TO AMENDMENT 1 AND IS ONLY INCLUDED HERE TO 
MAINTAIN COMPLETENESS OF SCOPE. 
 

16. Materials Testing for FDOH Additives Rule 
The engineered media for the biofilters proposed in the PNRSII QAPP will be tested as 
required to meet 64E-6.0151 F.A.C. for additives.  Effluent from the tank based pilot 
systems will be used as the effluent source for this testing.  A brief technical memo 
describing the results of this testing will be prepared and presented to FDOH prior to 
constructing biofilter systems at the GCREC test facility or elsewhere in the field.  The 
department may authorize the provider in writing to perform such testing for additional  
materials. 
 
Deliverable:  Technical memo describing the results of additives rule testing per 64E-
6.0151, per additive tested. 
 
 

17. PNRS II Specification Reports 
The provider will specify, order and purchase specialty materials for test facility 
construction and experimental monitoring.  The provider will oversee preparation of 
materials to meet specifications, and prepare procurement and assembly reports that 
document design and fabrication of the test systems, procurement of treatment system 
construction materials as well as the media for the filters, site preparation, monitoring 
instrumentation and equipment, and start-up testing of the PNRS II systems.  Actual cost 
for materials and supplies will be documented as part of this subtask and be included in 
the construction budget for PNRSII construction. 
 
Deliverable:  Specification reports, materials list and cost and as-built diagrams of the 
treatment systems to be tested as part of PNRS II. 
 

18. PNRS II Test Facility Design (50%) 
The provider will design the test facility. Since the GCREC was chosen as the only test 
facility, the design will include both PNRSII pilot testing facilities and Task C 
groundwater fate and transport monitoring facilities.  However these components will be  
separated into two construction phases on the design drawings to the extent possible.  
The PNRSII test facility 50% design submittal under this subtask will include preliminary 
layout sketches and design concepts and criteria.  Provisions for supporting the 
installation and operation of in-tank treatment systems and in-situ biofilters  monitoring 
systems, including supply of power, a common wastewater source at controllable 
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flowrates, provision for wastewater source routing to pilot facilties and effluent routing to 
soil treatment units, sampling collection and monitoring appurtenances, and a 
preliminary flow diagram  will be included.   The 50% design documents will be 
submitted to FDOH for review and comment.  The department will provide comments 
within two weeks of receipt. 
 
Deliverable:  50% design documents. THIS SUBTASK WAS COMPLETED PRIOR TO 
AMENDMENT 1 AND IS ONLY INCLUDED HERE TO MAINTAIN COMPLETENESS 
OF SCOPE. 
 
 

19. PNRS II Test Facility Design (100%) 
The provider and the department will agree on the design concepts based on review of 
the 50% design submittal.  The provider will prepare a test facility 100% design submittal 
based on these concepts.  The 100% design submittal will include the design details and 
technical specifications for the workplan described in the PNRS II QAPP, and include the 
stage 1 unsaturated biofilters, stage 2 denitrification filters, and in-situ engineered media 
biofilter systems.  These documents will provide the level of detail necessary to estimate 
construction cost.  These documents will be submitted to FDOH for review and 
comment.  The department will provide comments within two weeks of receipt. 
 
Deliverable:  100% design documents. THIS SUBTASK WAS COMPLETED PRIOR TO 
AMENDMENT 1 AND IS ONLY INCLUDED HERE TO MAINTAIN COMPLETENESS 
OF SCOPE. 
 
 

20. PNRS II Test Facility Construction Support and Administration 
The provider will work with a construction contractor for facility construction using a 
design-build methodology within the amount budgeted for construction in this attachment 
or its amendments.  Construction will be completed in two phases, with Phase 1 relating 
mostly to PNRSII pilot test facilities while Phase 2 will primarily involve construction of 
facilities related to Task C fate and transport studies. This subtask will cover the Phase 1 
construction.  There will be some overlap between PNRSII and Task C facilities, for 
example power supply for the test facility will be constructed in this task but will also 
serve the Task C facilities. The in-situ biofilter systems for PNRSII will be constructed in 
Phase II along with the mini-mounds for Task C.   
 
Provider will be onsite during construction to review materials and equipment being used 
to determine if work is conducted in accordance with the construction plans and will 
assist with installation of monitoring equipment. Construction will be reviewed for 
completeness by the provider and for conformance with the design intent. As necessary,   
the provider will propose a contract amendment to increase funds or test facility design 
changes to decrease costs as feasible.   
 
Deliverable:   Compensation for this subtask will be in two phases: 50% upon start of 
facility construction and the remaining 50% at construction completion.  
 

21. PNRS II Test Facility Construction (50%) 
The provider will monitor facility construction as needed to monitor progress and 
conformance with design documents.  For budgeting purposes, the provider and the 
department have assumed a construction cost value in this scope and budget. At the 

                                                                   7            Nitrogen Reduction Strategies 
 



Amendment #001 
 

time the contractor is onsite and construction is started, invoices for materials and 
mobilization will be submitted to the Department by the Provider for payment.  When the 
provider determines that approximately 50% of the facility construction is complete, a 
construction progress report will be provided for documentation and this subtask will be 
deemed complete, and the remaining amount in the Section C. cost schedule for this 
subtask will be paid to provider.   
 
Deliverable:  Construction Progress Report 

 
22. PNRS II Test Facility Construction (100 % construction) 

Provider will monitor facility construction as needed to monitor progress and 
conformance with design documents.  This task will include the construction cost of the 
facility based on the construction estimate and any approved additional costs.   For 
budgeting purpose the provider and the department have assumed a construction cost 
value in this scope and budget.  This subtask will be based on this amount as a cost 
reimbursable item not to exceed the estimated total construction cost value, and will be 
documented by contractor invoices, material and equipment bills, and other provider 
incurred expenses.  The amount paid will be the total documented construction cost less 
the amount paid to provider in subtask A-21 above.   
 
Deliverable: Construction Progress Report. 

 
23. Test Facility Construction (substantial completion) 

Provider will conduct a site inspection to determine if the project is substantially 
complete.  The inspection will result in the preparation of a punch list to be delivered to 
the contractor in writing for final completion.  
 
Deliverable:  Construction punch list. 
 

24. Test Facility Construction (accept construction) 
The provider will conduct one final inspection for the project to determine if the work has 
been completed in accordance with the contract documents and the punch list.  
Subsequent to this final inspection, the provider  will make final payment to the 
subcontractor.  The provider shall give written notice to FDOH that the work is complete.  
As-built drawings will then be developed by the provider for the facility. 
 
Deliverable:  As-built drawings of the test facility. 

 
25. Sample Event Reports 

After each sampling event, the provider will provide sample event reports verifying 
operation of the test systems, flowrate monitoring, field parameter results, and chain of 
custody forms that document sample collection and delivery to the analytical laboratory.  
The number of events and the parameters to be analyzed shall be as provided in the 
PNRSII QAPP at a minimum.  Sampling events subsequent to the number in the budget 
for this task are  subject to available funding and the department shall authorize the 
provider in writing to perform each additional sampling event. 
 
Deliverable:  Sampling event report.(per sampling event) 
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26. Data Summary Reports 
The provider will provide data reports that verify completion of analyses by an analytical 
laboratory and that include compiled data from field and analytical laboratory analyses in 
electronic and paper form. This task is contingent on the previous task. 
 
Deliverable:  Data Summary Reports (per sampling event). 

 
27. PNRS II Report (draft) 

The provider will prepare a PNRS II report that includes PNRS II objectives, 
experimental methods, results, discussion, conclusions and recommendations. For each 
nitrogen reduction technology a technical description will be prepared that includes 
name, supplier, operating principles, salient physical description, flow sequence, 
pertinent design details, manufacturer or designer claims of treatment goals, and 
operating recommendations.  The draft report will be provided to the department for 
comments from the department and the RRAC prior to submitting a final report.  
 
Deliverable:  Draft report.  
 

28. PNRS II Report (final) 
The department will gather comments on the draft report from RRAC and FDOH review  
and transmit such comments to the provider within one month of receiving the draft.  The 
provider will address these comments in preparing final deliverables within one month of 
receiving comments.  
 
Deliverable: Final report. 
 

29. Task A Final Report (draft) 
The provider will submit a draft final report  summarizing the results of the technology 
classification, ranking and prioritization efforts in Task A and the conclusions from 
PNRSII and provide recommendations for funding additional phases of the project.  If 
warranted, this report will also recommend a revised priority list for testing of future 
systems. 
 
Deliverable: Draft report. 
 

30. Task A Final Report (final) 
 

The department will gather comments on the draft report from RRAC and FDOH review 
and transmit such comments to the provider within one month of receiving the draft.  The 
provider will address these comments in preparing final deliverables within one month of 
receiving comments.  
 
Deliverable: Final report.  

 
Task B   Field Testing of Technologies and Cost Documentation 
 
The objectives of Task B are: 

 
 Indentify home sites and establish use agreements 
 Establish vendor agreements 
 Quality Assurance Project Plan 
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 Design and construct test facilities 
 Install field systems at test facilities and home sites 
 Operate and monitor field systems 
 Compile results in report format 
 Provide technical description of nitrogen removal technologies 
 Acceptance of systems by homeowners 
 Conduct Life Cycle Cost Analyses 
 Final Report for Task B 

 
Sub-tasks and Deliverables 

 
1. Identification of Home Sites (per homeowner agreement) 

The provider will identify individual homeowner sites for their suitability for establishing 
technologies for field evaluation.  Criteria considered in the suitability will include 
homeowner willingness, site access, number of residents and continuousness of 
occupancy, power supply, security, location, adequate space, access for monitoring and 
maintenance, participation in previous or concurrent studies, and pre-existing treatment 
technologies. The provider will survey the homeowners and/or system users on use 
characteristics.  Agreements will be established between homeowners and the provider 
for establishing and monitoring treatment systems.  Written homeowner agreements will 
specify expected energy costs and the arrangements in regards to responsibility for 
application for permits, modifications, operation, maintenance, monitoring, inspections, 
removal or leaving the system in place at study termination.  If a homeowner site will 
also be used for fate and transport studies (Task C), then access will be needed for 
monitoring equipment in the downgradient direction and lack of interference with other 
systems must be ascertained.  Up to ten (10) homesites at various locations in Florida 
(e.g. Wekiva Study Area, Wakulla and south Florida) will be indentified for testing under 
this task.  
 
Deliverable:  Written agreements between homeowner and provider, completed 
homeowner survey. 
 

2. Vendor Agreement Report (per vendor agreement) 
The provider will contact technology vendors to explain the testing project, to identify 
specifics of the technology offering and special considerations, to delineate to the vendor 
the arrangements by which testing will be conducted, to identify specific models to be 
tested, and to obtain a price quotation for purchase or ascertain vendor interest in 
donating a system.  Vendors will agree to specifications that vendors will not be allowed 
to physically modify or manipulate equipment once installed. Any exceptions to this 
default policy will be fully documented.  Up to 8 vendors will be identified for testing 
under this task.   
 
Deliverable:  Written agreements  between vendor and provider.  

 
3. Quality Assurance Project Plan for Field Testing (draft) 

A QAPP will be developed to document the objectives, specific systems for testing, and 
technology configurations that will be tested, operation of the systems, sampling and 
monitoring methodology and frequency, analytical parameters and methods, and data 
and document management.   The monitoring program will develop performance data 
sets for total treatment systems and also for intermediate points such as aerobic 
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treatment unit effluent or mixed aerobic effluent with STE and pre-denitrification. 
Monitoring of intermediate locations will provide data sets for separate evaluation of 
loading and performance for individual treatment components. The anticipated 
monitoring program will begin six weeks after startup and approximately 8 sample 
events per system will be conducted. Monitoring points will include septic tank effluent 
(STE), aerobic effluent (if applicable), and denitrification filter effluent (if applicable). 
Anticipated parameters for influent STE include TSS, cBOD5, TKN, NH4+, and NOx, as 
well as temperature, pH, alkalinity, dissolved oxygen and oxidation reduction potential. 
Stage 1 and Stage 2 effluents will be monitored for the same parameters, with less 
frequent analyses for TSS and cBOD5. Lower frequency monitoring will be conducted as 
necessary for a number of parameters: total phosphorus, PO4, and fecal coliform in 
STE, aerobic and denitrification effluents, SO4 and H2S in sulfur denitrification filter 
influent and effluent, and cBOD5 in lignocellulosic filter effluents.   
 
The provider will develop a data management and storage template for cataloging and 
assessing performance data from disparate treatment systems and technology 
combinations and influent wastewater characteristics. 
 
The selection of systems for testing will follow the recommendations developed in Task 
A.  The provider will consider the use of and the addition of components to existing 
systems. 
 
The exact sequencing of installations over the multi-year project will be established in 
the QAPP based on the priority list developed in Task A and refinements through the 
study.  
 
Deliverable: A draft QAPP will be provided to the Department 
 

4. Recommendation for Process Forward (per meeting) 
Based on the details agreed upon in the final QAPP, the provider will develop a revised 
cost estimate and recommendation as to the number of systems included in the initial 
and future funding phases and whether or not to proceed with the remainder of Task B 
as outlined below, or recommend an amendment to this contract.  Both the provider and 
FDOH shall reach a written agreement prior to moving forward with Task B. 
 
Deliverable: Meeting summary and recommended scope and budget revisions. 

 
5. Quality Assurance Project Plan (final) 

The department will gather comments on the draft QAPP from RRAC and any other 
interested parties and transmit such comments to the provider within one month of 
receiving the draft.  The provider will address these comments in preparing final 
deliverables within one month of receiving comments. 
 
Deliverable:  Final QAPP accepted by FDOH. 

 
6. Field Systems Installation Report (per system) 

The provider will submit existing system evaluations performed by individuals authorized 
by the department to perform such work, modifications, or new system permits as 
appropriate for the respective home sites and shall ensure proper permitting through the 
department for such permits.  The provider will be, or will hire, an engineer of record for 
innovative or performance-based treatment system applications and identify the 
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maintenance entity for each system.  The provider will be responsible for individual field 
test systems to be purchased or fabricated and installed at individual homeowner sites.  
Field system installation will include providing all materials and assembly needed to 
produce a fully functional and working treatment system, including initial test evaluation 
and installation report.  If necessary an existing system evaluation will be conducted per 
FAC Chapter 64E-6. The provider will ensure that operating permits and maintenance 
entity contracts for the system exist, as required by FDOH. The provider will address the 
event if one or several of the homeowners seek to withdraw from the program by 
assisting with installing a replacement onsite wastewater system  or fund system repair 
or maintenance. 
 
Deliverable:  Copy of final system permit including operating permit if necessary; 
detailed installation report, construction costs. 

 
7. Field Systems Monitoring Report (per event) 

Subject to details specified in the QAPP, the provider, in cooperation with the 
homeowner and the maintenance entity, will operate field technologies for a base period 
of up to 24 months and monitored for at least the following parameters: temperature, pH, 
alkalinity, DO, ORP, TKN, NH3, NOx, TSS, C-BOD5.  Additional parameters will be 
monitored less frequently for other parameters of interest (COD, TP, PO4, fecal coliform, 
total enterococci, and SO4 and H2S for systems with sulfur-based denitrification).  Up to 
8 sample events will be conducted on each of the systems monitored. 
 
The provider will submit deliverables after each monitoring event for the systems 
installed in Task B6, which will also include results for flowrate or treated volume, 
electricity and/or media use, field parameter results, chain of custody forms for samples 
delivered to analytical laboratory, analytical laboratory reports, and compiled results. 
 
Deliverable:  Monitoring reports in tabular form. 
 

8. Field Systems Operation, Maintenance, and Repairs Report (per system) 
The provider, in cooperation with the homeowner, maintenance entity, and county health 
department, will maintain copies of records of repairs, maintenance actions, inspection 
results and system observations.  The provider will develop a report form for each entity 
and a summary report for each treatment system.  Records will include date, description 
of repair and pertinent factors, and repair cost. 
 
Deliverable:  Report form for each system, summary report of observations.  
 

9. Technical Description of Nitrogen Reduction Technology Report 
The provider will develop a technical description for each nitrogen reduction technology 
studied, including information such as if the technology is vendor supplied or custom 
design, trade name, model number, unit specifications, purported operating principals, 
description of process flows and hydraulics, physical features including tanks, fixed film 
media, pumps, aerators, and other appurtenances, addition of chemicals or other 
materials, performance claims, observations, operational experience and measured 
performance during the study. The report will include a brief description of nitrogen 
removal processes and factsheets for each nitrogen removal system studied. 
 
Deliverable:  Draft and final nitrogen reduction technology report. 
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10. Acceptance of System by Owner Report (per system) 

At the conclusion of system monitoring, a homeowner acceptance document will be 
provided that transfers complete ownership and operational responsibility of the system 
to the homeowner.   In the event the homeowner does not desire to keep the study 
systems, the funds from Task B6 will be utilized to restore the system to its original 
condition. 
 
Deliverable: Acceptance of System by Owner Report. 
 

11. Life Cycle Cost Analysis draft (template and user guidelines) 
The provider will develop a Life Cycle Cost Analysis (LCCA) template, with the PNRS I 
LCCA as a starting point and will summarize the features of the template in a user 
guidelines document. Costs will be expressed in a variety of ways, such as uniform 
annual cost, cost effectiveness of nitrogen removal, marginal cost effectiveness of 
additional treatment components etc.  The analysis will include equipment, material and 
installation costs for treatment systems, recurrent costs for energy, maintenance, repair, 
permitting and monitoring, and replacement of materials such as reactive media or 
electron donor supply for denitrification.  Materials costs include the purchase cost and 
delivery cost of vendor systems, or costs to purchase and prepare materials and media 
for custom designed systems.  Use of a common LCCA template will enable all nitrogen 
removal technologies to be evaluated on an equivalent basis, and will be useful for 
future systems that are not evaluated within this project.  In developing the template, the 
provider will illustrate its use with existing data, such as developed as part of Task A, the 
Keys Onsite Wastewater Nutrient Reduction Systems study or the information obtained 
from homeowners surveyed during this task.  
 
Deliverable:  Draft LCCA template and user guidelines. 
 

12. Life Cycle Cost Analysis final (template and user guidelines) 
The department will gather comments on the draft LCCA from RRAC and any other 
interested parties and transmit such comments to the provider within one month of 
receiving the draft.  The provider will address these comments in preparing final 
deliverables within one month of receiving comments. 
 
Deliverable:  Final LCCA template and user guidelines. 
 

13. Life Cycle Cost Analysis Report (per system) 
Based on the LCCA Template, the provider will conduct an LCCA analysis for each 
nitrogen reduction technology evaluted during field testing using actual purchase prices, 
installation cost estimates, and operational costs records. 
 
Deliverable:  LCCA Report (per system tested) including cost analysis.  
 

14. Task B Final Report (draft) 
The provider will develop a final report that will summarize the results of the Task B 
evaluations of treatment technologies, including an aggregation of technology reports 
and LCCA completed over the course of the study.  The report will provide summary 
recommendations for deploying the tested technologies to meet the objectives of the 
Florida Onsite Nitrogen Removal Strategy.  The report will include the data on which it is 
based, in tabular form. 
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Deliverable: Draft Task B Final Report. 
 

15. Task B Final Report (final) 
The department will gather comments on the draft final report from RRAC and any other 
interested parties and transmit such comments to the provider within one month of 
receiving the draft.  The provider will address these comments in preparing final 
deliverables within one month of receiving comments. 
 
Deliverable:  Task B Final Report. 
 

Task C.  Evaluation of Nitrogen Reduction Provided by Soils and Shallow Groundwater 
 
The objectives of Task C are: 

 Critical characterization of nitrogen reduction in Florida soils and groundwater 
 Develop Quality Assurance Project Plan 
 Establish a controlled test facility 
 Indentify home sites and make use agreements 
 Instrument field systems at test facility and home sites 
 Operate and monitor field systems 
 Compile data in report format 
 Close-out of home sites and controlled test facility 
 Provide Final Report for Task C 

 
Sub-tasks and Deliverables 
 

1. Literature Review (draft) 
The provider will review available literature to assess the current status of knowledge 
related to nitrogen fate and transport in saturated and unsaturated soils.  Literature from 
other fields (e.g. agriculture, agronomy, hydrogeology, soil science, environmental 
science, ecology, biosystems engineering) will be reviewed for its application to OSTDS 
in Florida.  Particular focus will be placed on studies that have measured and 
documented denitrification rates in soil and groundwater.  This review will expand on the 
literature review on denitrification in soil performed for the department’s Wekiva study 
and a complementary literature review, recently completed by the Colorado School of 
Mines.  Results of the literature reviewed in this task will be added to the searchable 
literature reference database established in Task A. 
   
Deliverable:  Draft literature review and updated reference database. THIS SUBTASK 
WAS COMPLETED PRIOR TO AMENDMENT 1 AND IS ONLY INCLUDED HERE TO 
MAINTAIN COMPLETENESS OF SCOPE. 
 

2. Literature Review (final) 
The department will gather comments on the draft final report from RRAC and any other 
interested parties and transmit such comments to the provider within one month of 
receiving the draft.  The provider will address these comments in preparing final 
deliverables within one month of receiving comments. 
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Deliverable:  Final report and updated reference database. THIS SUBTASK WAS 
COMPLETED PRIOR TO AMENDMENT 1 AND IS ONLY INCLUDED HERE TO 
MAINTAIN COMPLETENESS OF SCOPE. 
 

3. Quality Assurance Project Plan for field and test center sites (draft) 
The provider will develop a QAPP to document Task C objectives and the monitoring 
framework for field sites. Information gained during the literature review conducted as 
part of Task D will be incorporated, as appropriate, into the monitoring framework to 
ensure data required for model inputs will be collected.  The monitoring framework will 
encompass the “Observational Approach” to allow information obtained in the field and 
during other tasks (e.g., Task D2, D7, D10, etc.) to be utilized to direct subsequent 
monitoring. The QAPP will describe the number and type of homeowner systems to be 
monitored, sample frequency and duration, analytical parameters and methods, data 
handling and management, and document control. 
  
It is anticipated that each site will be monitored to delineate the OSTDS effluent quality, 
hydraulic and nitrogen loading rates to the soil, and potential groundwater impacts. Flow 
meters will be installed as needed to determine actual soil loading rates. Shallow 
piezometers will be installed within the soil treatment unit and downgradient of the 
system to evaluate nitrogen fate and transport. Tracer tests using a conservative tracer 
will be conducted to determine connectivity of the OSTDS-vadose zone-groundwater 
system as well as evaluate subsurface travel times.  Water quality analyses will be 
conducted on all field samples and will include temperature, total nitrogen, ammonium 
nitrogen, nitrate-nitrogen, and chloride. Less frequent analyses will be conducted on 
samples as necessary and will include pH, alkalinity, cBOD5, total phosphorus, anions, 
cations, fecal coliform, and E. coli.  Should a total nitrogen plume be identified from an 
OSTDS, additional piezometers may be installed to enable further hydrogeologic 
characterization affecting fate and transport (i.e., groundwater velocity, hydraulic 
gradient) and assessment of nitrogen concentrations over time. This field monitoring 
framework will enable evaluation of the current nitrogen reduction in soil and 
groundwater and provide input to parameter selection for Task D.  Results will also 
enable validation and verification of simple models developed and refined as described 
in Task D. 
 
It is anticipated that at least two subsurface monitoring sites will be established at each 
of three dispersed locations in Florida to provide geographical variety.  Example 
candidate locations are the Wakulla area (north Florida), the Wekiva area (central 
Florida), and a south Florida site to be determined.  It is anticipated that four monitoring 
events will be conducted at each site. Sites will be selected and monitored to 
encompass a range of conditions affecting nitrogen mass loading to the environment 
and the resulting groundwater concentrations. Site selection will be leveraged, to the 
extent possible, with Task B to enable complete evaluation of the onsite system from 
STE through nitrogen treatment units and including soils. The key conditions of 
importance will be the hydraulic loading rate of effluent to the soil, and the effluent 
quality discharged to the soil. 
 
It is anticipated that a soil treatment and groundwater monitoring test center will also be 
established in this task to provide performance evaluations of multiple wastewater 
treatment systems; systems that will provide a broad range of nitrogen removal 
capabilities.  The subsequent application of treated effluent to soil treatment and 
dispersal units will result in separate, non-comingled plumes which can be used for 
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monitoring of nitrogen fate and transport in the subsurface.  Subsurface monitoring will 
be used to develop data sets for nitrogen fate and transport for parallel systems 
receiving widely varying nitrogen concentrations.  Subsurface sites at the test center will 
be monitored for a variety of parameters at different frequencies, including pH, alkalinity, 
DO, ORP, TKN, NH3, NOx, C-BOD5, TP, PO4, fecal coliform, and total enterococci. 
Duration and frequency of monitoring at each of the sites will be specified in the QAPP. 
 
Deliverable:  Draft QAPP for field sites and test center. THIS SUBTASK WAS 
COMPLETED PRIOR TO AMENDMENT 1 AND IS ONLY INCLUDED HERE TO 
MAINTAIN COMPLETENESS OF SCOPE. 
 

4. Recommendation for Process Forward 
Based on the details agreed upon in the draft QAPP, the provider will develop a revised 
cost estimate and a recommendation whether or not to proceed with the remainder of 
Task C as outlined below, or recommend an amendment to this contract.  Both the 
provider and FDOH shall reach a written agreement prior to moving forward with Task C. 
 
Deliverable: Meeting summary and recommended scope and budget revisions. THIS 
SUBTASK WAS 50% COMPLETED PRIOR TO AMENDMENT 1 AND IS ONLY 
INCLUDED HERE TO MAINTAIN COMPLETENESS OF SCOPE.   
 

 
5. Quality Assurance Project Plan (final) 

The department will gather comments on the draft final report from RRAC  and FDOH 
internal review and transmit such comments to the provider within one month of 
receiving the draft.  The provider will address these comments in preparing final 
deliverables within one month of receiving comments.  If the provider subsequently 
recommends modifying or adding procedures to address conditions encountered in the 
field, the QAPP may be revised or appended upon mutual agreement between provider 
and the department. 
 
Deliverable:  Final QAPP acceptable to FDOH. THIS SUBTASK WAS 80% 
COMPLETED PRIOR TO AMENDMENT 1 AND IS ONLY INCLUDED HERE TO 
MAINTAIN COMPLETENESS OF SCOPE. 
 

6. Soil Treatment and Groundwater Monitoring Test Facility Design (50%) 
The Gulf Coast Research & Education Center of the University of Florida  has been 
evaluated by the provider for establishing a controlled test site for side-by-side 
evaluation of multiple soil treatment unit regimes and the resulting nitrogen groundwater 
fate and transport.  This task will be leveraged with tasks B and D.  
 
Since both the Task A and Task C test facilities will be located at the GCREC, the 
provider will design the test facility for Task C in concert with the Task A test facility The 
Task C test facility 50% design submittal will include preliminary layout sketches and 
design concepts and criteria.  Provisions for supporting installation, operation, and 
monitoring of treatment systems and groundwater plumes,  including controllable dosing 
flowrates, effluent quality, soil hydraulic loading rates, and staging for field efforts. The 
monitoring framework will support evaluation of time and spatial variations of soil 
treatment and groundwater plume configurations (e.g. groundwater flow velocity, 
concentrations, etc.).  Provisions will be made for supporting the installation and 
operation of in-tank treatment systems or unsaturated groundwater monitoring systems, 
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including supply of power,  treatment system sub-components, a common wastewater 
source at controllable flowrates, provision for effluent routing to soil treatment units, 
sampling collection and monitoring appurtenances, and staging of field analytical work 
and sampling will be included.    
 
The 50% design documents will be submitted to FDOH for review and comment.  
Comments will be provided by the department within two weeks of receipt. 
 
Deliverable:  50% design documents. THIS SUBTASK WAS COMPLETED PRIOR TO 
AMENDMENT 1 AND IS ONLY INCLUDED HERE TO MAINTAIN COMPLETENESS 
OF SCOPE.   
 
 

7. Soil Treatment and Groundwater Monitoring Test Facility Design (100%) 
The provider and the department will agree on the test facility design and experimental 
concepts based on review of the 50% design submittal.  The provider will prepare the 
test facility 100% design submittal based on these concepts.  The 100% design 
submittal will include all design details and technical specifications necessary to estimate 
construction cost.  These documents will be submitted to FDOH for review and 
comment.  Comments will be provided by the department within two weeks of receipt. 
 
Deliverable:  100% design documents. THIS SUBTASK WAS COMPLETED PRIOR TO 
AMENDMENT 1 AND IS ONLY INCLUDED HERE TO MAINTAIN COMPLETENESS 
OF SCOPE.   
 
 

8. Soil Treatment and Groundwater Monitoring Test Facility Design (Final) 
In preparing the test facility final design submittal, the provider will include final revisions 
based on the review of the 100% design submittal.  This will result in a set of signed and 
sealed construction plans suitable  for facility construction.  
 
Deliverable: Signed and sealed construction plans 
 

9. Soil and Groundwater Test Facility Construction Support and Administration 
The provider will work with a construction contractor for facility construction using a design-
build methodology within the amount budgeted for construction in this attachment or its 
amendments.  Construction will be completed in two phases, with Phase 1 relating mostly to 
PNRSII pilot test facilities while Phase 2 will primarily involve construction of facilities related 
to Task C soil treatment and groundwater monitoring studies. This subtask will cover the 
Phase 2 construction.  There will be some overlap between PNRSII and Task C facilities, for 
example, power supply for the test facility will be constructed in Phase 1 (Task A) but will 
also serve the Task C facilities. The in-situ biofilter systems for PNRSII will be constructed in 
Phase II along with the mini-mounds for Task C.   

 
Provider will be onsite during construction to review materials and equipment being used 
to determine if work is conducted in accordance with the construction plans and will 
assist with installation of monitoring equipment. Construction will be reviewed for 
completeness by the provider and for conformance with the design intent.  The provider 
will propose a contract amendment to increase funds or test facility design changes to 
decrease costs as necessary and feasible to maintain budget. Provider will respond to 
Contractor requests for information and prepare any necessary addenda.  Construction 
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will be reviewed for completeness by the provider and conformance with contract 
documents.   
 
Deliverable:  Compensation for this subtask will be in two phases: 50% upon start of 
facility construction and the remaining 50% at construction completion. 
 
 

10. Soil and Groundwater Test Facility Construction (50% construction) 
The provider will monitor facility construction as needed to monitor progress and 
conformance with design documents.  For budgeting purposes, the provider and the 
department have assumed a construction cost value in this scope and budget. At the 
time the contractor is onsite and construction is started, invoices for materials and 
mobilization will be submitted to the Department by the Provider for payment.  When the 
provider determines that approximately 50% of the facility construction is complete, a 
construction progress report will be provided for documentation and this subtask will be 
deemed complete, and the remaining amount in the Section C. cost schedule for this 
subtask will be paid to provider.   
 
Deliverable: Documentation of contractor and equipment onsite and Construction 
Progress Report (at 50% complete) 
 

11. Soil and Groundwater Test Facility Construction (100% construction) 
Provider will monitor facility construction as needed to monitor progress and 
conformance with design documents.  This task will include the construction cost of the 
facility based on the construction estimate and any approved additional costs.   For 
budgeting purpose the provider and the department have assumed a construction cost 
value in this scope and budget.  This subtask will be based on this amount as a cost 
reimbursable item not to exceed the estimated total construction cost value, and will be 
documented by contractor invoices, material and equipment bills, and other provider 
incurred expenses The amount paid will be the total documented Task C construction 
cost less the amount paid to provider in subtask C-16 above.   
 
Deliverable:  Construction progress report 

 
12. Soil and Groundwater Test Facility Construction (substantial completion) 

Provider will conduct a site inspection to determine if the project is substantially 
complete.  The inspection will result in the preparation of a punch list to be delivered to 
the contractor in writing for final completion. 
 
Deliverable:  Construction punch list. 
 

13. Soil and Groundwater Test Facility Construction (accept construction) 
The provider will conduct one final inspection for the project to determine if the work has 
been completed in accordance with the contract documents and the punch list.  
Subsequent to this final inspection, the provider will make final payment to the 
subcontractor.  Written notice shall be provided to FDOH that the work is complete.  As-
built drawings will then be developed by the provider for the facility. 
 
Deliverable:  As-built drawings of the test facility. 
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14. Soils and Hydrogeologic Characterization and Monitoring Plan for Test Facility 

Site. 
The soil and groundwater characteristics of the test facility site will be determined by the 
provider as described in the QAPP.  Characterization will include soils analyses, aquifer 
testing, piezometer installation and tracer testing with a conservative tracer to establish 
groundwater flow parameters. Based on the results of this characterization, a monitoring 
plan will be established for the six mini-mound systems at the  soil and groundwater test 
facility.  The location, number and frequency of sampling will be as generally defined in 
the QAPP, but refined based on results of this task. Additionally, field assessment for 
Task D model parameter estimation, model verification and validation will also be 
included as available from results of this task. 
 
Deliverable: Soil and groundwater characterization memo and revised QAPP element for 
test facility. 
 

15. Tracer testing at research sites (per tracer test) 
 
Groundwater tracer tests will be conducted at the research sites based on the protocols 
outlined in the QAPP.  First, an ambient groundwater tracer test will be conducted at or 
immediately adjacent to the site of the Soil and Groundwater Test Facility to determine 
existing groundwater flow characteristics using a conservative tracer substance.  
Second, a groundwater tracer test will be initiated at the GCREC Mound system to 
delineate groundwater flow characteristics downgradient of the mound.  Third, a 
groundwater tracer test will be conducted at one of the mini-mounds at the Soil and 
Groundwater Test Facility after start-up to characterize groundwater flow and 
contaminant transport from these systems.  Deliverables for this task will be a tracer test 
memo describing each test and the results, and payment will be per test memo. The 
Department may authorize the Provider in writing to perform additional tracer tests as 
part of this project. 
 
Deliverable: Tracer Test Memo (per tracer test)   
 

16. Soil and Groundwater Test Facility Sample Event Reports (per system sampling 
event) 
The monitoring and data collection framework for the soil and groundwater test facility 
will be described in the revised QAPP including number of sampling points for each 
plume, sampling frequency and duration, and analytical parameters. Monitoring reports, 
based on the QAPP framework, will be provided that describe site conditions and interim 
sample results (i.e., compiled data from field and analytical laboratory analyses). A brief 
description of the monitoring progress will be provided. 
 
Deliverable: Sampling event report.(per sampling event). 

 
17. Soil and Groundwater Test Facility Data Summary Reports 

The provider will provide data reports that verify completion of analyses by an analytical 
laboratory and that include compiled data from field and analytical laboratory analyses in 
electronic and paper form. This task is contingent on the previous task. 
 
Deliverable:  Data Summary Reports (per sampling event). 
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18. Test Facility Closeout Report 
At the conclusion of controlled test site monitoring, the provider will determine if the test 
facility infrastructure will be transferred to the property owner or the site restored to prior 
condition.  If the property owner wishes to keep the facility, the provider will submit an 
acceptance document to the department that documents transfer of ownership and 
complete responsibility of test site infrastructure to the owner.  A report will be provided 
to document close-out of the site. 
 
Deliverable: Test Facility Closeout Report. 

 
 

19. Field Site Selection (per property owner agreement) 
Candidate field sites will be identified by the provider for subsurface monitoring activities.  
FDOH permit information will be gathered by the provider as available on candidate 
sites, and a system inspection and evaluation conducted on selected sites.  Monitoring 
at the sites will be used to assess the current level of nitrogen reduction obtained by 
Florida soils, to assess groundwater impacts due to conventional and nitrogen removal 
systems, and to provide data for parameter estimation, and verification and validation of 
models developed in Task D.  Sites will be monitored by the provider to encompass a 
range of conditions affecting nitrogen mass loading to the environment and the resulting 
groundwater concentrations. Specifically, key conditions of importance will be the 
hydraulic loading regime (e.g., trench vs. drip), the rate of effluent discharged to the soil, 
the effluent quality (e.g. BOD, nitrogen) discharged to the soil, and the density of 
OSTDS.  Factors considered during site selection include property owner amenability, 
site access, occupancy, system age, type of system and daily wastewater flow. While 
numerous subtleties exist between individual OSTDS, monitoring a range of these key 
conditions and factors will enable comparison of sites. Based on the previous subtasks 
and the process forward meeting, the first site to be monitored will be the existing mound 
system at the GCREC, for which the property owner agreement has already been 
established in subtask A12.  This will allow establishment of materials and methods for 
subsequent field site monitoring, and provides a large, unobstructed area to study a 
nitrogen plume in more detail than could be accomplished at a private home site. 
 
Agreements will be established with property owners by the provider for establishing 
monitoring systems.  It is anticipated that up to eight (8) field sites will be identified for 
potential inclusion in the study.  Availability of funding and site characteristics  will be 
used to establish which of these will be included for monitoring. 
 
Deliverable: Property Owner agreement. 
 

20. Instrumentation of GCREC Mound System & Plume 
The QAPP documents the objectives, monitoring framework, sample frequency and 
duration and analytical methods to be used at the GCREC existing mound system site. 
Additional soil and groundwater testing will be conducted, if necessary, based on the 
results in Task C 14.  Instrumentation of the site, in accordance with the QAPP, will 
include providing all materials and assembly needed to establish the monitoring 
framework at the site, and will be performed by the provider.  A monitoring installation 
report will be provided by the provider for the GCREC site describing the monitoring 
system and any additional characterization 

                                                                   20            Nitrogen Reduction Strategies 
 



Amendment #001 
 

 
Deliverable: GCREC Mound Characterization and Monitoring Installation report. 
 

21. GCREC Mound Sample Event Report (per sampling event) 
 

The monitoring framework established at the GCREC will be described in the QAPP 
including number of sampling points, sampling frequency and duration, and analytical 
parameters. Monitoring reports, based on the QAPP framework, will be provided that 
describe site conditions and interim sample results (i.e., compiled data from field and 
analytical laboratory analyses). 
 
Deliverable: GCREC Mound sampling event report.(per sampling event). 
 

22. GCREC Mound Data Summary Reports 
The provider will provide data reports that verify completion of analyses by an analytical 
laboratory and that include compiled data from field and analytical laboratory analyses in 
electronic and paper form. This task is contingent on the previous task. 
 
Deliverable:  Data Summary Reports (per sampling event). 
 

23. Instrumentation of Remaining Field Sites Report (per site) 
The QAPP will document the objectives, monitoring framework, sample frequency and 
duration and analytical methods to be used at the remaining field sites, presumably 
individual private home sites. Instrumentation of the sites, in accordance with the QAPP, 
will include providing all materials and assembly needed to establish the monitoring 
framework at each home site, and will be performed by the provider.  A monitoring 
installation report will be provided by the provider for each of up to six (6) individual 
home sites describing the monitoring system. 
 
Deliverable:  Monitoring Installation report. 
 

24. Field Sites Sample Event Report (per sampling event, per site) 
The monitoring framework will be described in the QAPP including number of sampling 
points at each site, sampling frequency and duration, and analytical parameters. 
Monitoring reports, based on the QAPP framework, will be provided that describe site 
conditions and interim sample results (i.e., compiled data from field and analytical 
laboratory analyses). 
 
Deliverable: Sampling event report.(per sampling event) 
 

25. Field Sites Data Summary Reports 
The provider will provide data reports that verify completion of analyses by an analytical 
laboratory and that include compiled data from field and analytical laboratory analyses in 
electronic and paper form. This task is contingent on the previous task. 
 
Deliverable:  Data Summary Reports (per sampling event). 
 

26. Draft Site Summary and Close-out Report (each site) 
The provider will summarize the observations for each site, including site conditions, 
onsite system characteristics and soil and ground water concentrations and conditions 
found.   
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At the conclusion of home site monitoring, the provider will submit homeowner 
acceptance documents to the department that either transfer ownership and 
responsibility of monitoring points to the homeowner (e.g., piezometers) or all monitoring 
points will be removed by the provider and the site shall be returned to its original 
configuration.  
 
A report will be provided to the department to document close-out of each home site.  
The draft close-out reports will be submitted to FDOH for review and comment. 
 
Deliverable:  Draft Site Close-out report. 
 

27. Final Site Close-Out Report (per site)  
Comments will be provided by the department within two weeks of receipt and the 
provider will prepare a final close-out report. 

 
Deliverable: Final site close-out report acceptable to FDOH. 
 
 

28. Task C Final Report (draft) 
The final report will summarize results of Task C activities on nitrogen reduction in 
Florida soil and shallow groundwater. The report will include task objectives, methods, 
results, discussion, conclusions and recommendations.  
 
Deliverable:  A draft report will be provided for comment prior to submittal of the final 
report. 

 
 

29. Task C Final Report (final) 
The department will gather comments on the draft final report from RRAC and FDOH 
review and transmit such comments to the provider within one month of receiving the 
draft.  The provider will address these comments in preparing final deliverables within 
one month of receiving comments. 
 
Deliverable: Final report. 

 
Task D   Nitrogen Fate and Transport Modeling 
 
The objectives of Task D are: 

 Literature review on fate and transport models 
 Quality Assurance Project Plan 
 Space time variable aquifer model with simplied soil treatment 
 Development-scale aquifer model creation and calibration 
 Space time variable model with complex soil treatment 
 Development-scale model with aquifer and soil treatment 
 Uncertainty analysis 
 Validate and refine models using data from Task C 
 Develop decision making framework 
 Final Report for Task D 
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Sub-tasks and Deliverables 
 
 

1. Literature Review of Nitrogen Fate and Transport Models (draft) 
A literature review will be conducted to determine the current practice for modeling 
nitrogen fate and transport in soils and ground-water. Particular attention will be paid to 
data gathered from the Task C literature reviews that have relevance to model 
parameterization of nitrogen fate and transport.  If feasible, sensitivity analysis will be 
conducted based on previous work for conditions relevant to Florida soil and hydrology 
to help direct Task C monitoring and future modeling efforts. 
 
Currently available models for nitrogen fate and transport will be reviewed, and the 
hydraulic and transport/transformation parameters for the models and estimation tools 
that the provider deems to be applicable, will be summarized so that a plan for fieldwork 
can begin to be developed at an early stage in the project.  Existing available models 
specific to OSTDS or similar source types will be included in this review to determine the 
appropriate starting point for model development for this project. 
 
Results of the literature reviewed in this task will be added to the searchable literature 
reference database established in Task A. 
   
Deliverable:  Draft literature review and updated reference database. THIS SUBTASK 
WAS COMPLETED PRIOR TO AMENDMENT 1 AND IS ONLY INCLUDED HERE TO 
MAINTAIN COMPLETENESS OF SCOPE. 
 
 

2. Literature Review of Nitrogen Fate and Transport Models (final) 
The department will gather comments on the draft final report from RRAC and any other 
interested parties and transmit such comments to the provider within one month of 
receiving the draft.  The provider will address these comments in preparing final 
deliverables within one month of receiving comments. 
 
 
Deliverable: Final literature review and updated reference database. THIS SUBTASK 
WAS 80% COMPLETED PRIOR TO AMENDMENT 1 AND IS ONLY INCLUDED HERE 
TO MAINTAIN COMPLETENESS OF SCOPE. 
 
 

3. Selection of Existing Data Sets for Calibration Report 
The provider will select data from existing sites in Florida or elsewhere to evaluate the 
performance of a soil and aquifer model, and will provide  recommendations for future 
data collection efforts for subsequent model calibration.  The sites shall have information 
on a nitrogen plume, and data will be obtained via document review and by working with 
FDOH. 
 
Deliverable:  Brief memo describing calibration data sets. THIS SUBTASK WAS 
COMPLETED PRIOR TO AMENDMENT 1 AND IS ONLY INCLUDED HERE TO 
MAINTAIN COMPLETENESS OF SCOPE. 
 

4. Quality Assurance Project Plan Nitrogen Fate and Transport Models (draft) 
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A detailed QAPP will be drafted describing the sub-tasks to be completed in Task D.  
The overall goal will be to develop a model representing soil and shallow groundwater 
that is capable of predicting nitrogen concentrations at a specified location downgradient 
of an OSTDS source and determining nitrogen loadings/mass flux at a specified location.  
A simplified, user friendly modeling approach (e.g., programmed Microsoft Excel 
spreadsheet) will be employed that includes parameters that model the dominant soil 
and hydraulic factors that influence nitrogen reduction.  The development of the fate and 
transport model will be accompanied with a parallel assessment of soil characterization 
at individual sites that provide data for model parameterization and calibration (Task C).  
The Florida soils classification system is one potential source of soil characterization 
data that could be used for a simple estimation of unsaturated zone transport. 
 
The development of a model can include several steps from the concept over 
implementation of a mathematical model, assurance of numerical accuracy (code 
verification), adjustment of model parameters to best match a real world experimental 
data set (calibration), comparison of predictions from a calibrated model to different 
experimental data (model validation or verification), analysis of the effect of uncertainty 
in model parameter values on model results or of uncertainty and variability in data sets 
on calibrated parameter values  (sensitivity analysis) and adjustments of the concept, 
mathematical, or calibrated model to better represent observations (model redesign)  
can be potentially a never-ending circular process as new data become available for 
comparison over time.  The QAPP will describe how model development will proceed 
from the literature review, initial model development, calibration to existing data, model 
verification with other existing data or data gathered during this study, and model 
redesign to a final model product.  It will also describe how the developed models and 
sensitivity analyses can guide data gathering efforts (in particular for task C), provide 
insights into nitrogen behavior in the environment, and provide a framework for decision 
making.   
 
The final product of Task D is anticipated to be a simplified site scale model that predicts 
nitrogen concentration and mass flux at selected distances downgradient from the 
source loading location.  Comparisons of this modeling approach with the results of non-
steady state models and complex soil models will characterize the limitations of this 
model. The model will be a combination of a simple soil model and averaged aquifer 
model.  The simple soil model will predict nitrogen reduction in unsaturated soil and the 
loading of nitrogen to the aquifer at the groundwater table surface.  The simplified soil 
model may take the form of a simple algorithm or correlation that predicts nitrogen 
reduction as a function of such unsaturated soil characteristics as grain size distribution, 
water content and organic matter.  The aquifer model will likely be time averaged and 
predict nitrogen concentration and attenuation with distance from the source.  Input 
information includes the direction of groundwater flow at the average groundwater flow 
velocity and organic matter content.  Model parameter values will be derived from 
calibration for Florida locations using data from Task C and suggested model 
parameters will be provided.   
 
Deliverable: Draft Task D QAPP. 
 

5. Recommendation for Process Forward (per meeting) 
Based on the details agreed upon in the final QAPP, the provider will develop a 
recommendation whether or not to proceed with the remainder of Task D as outlined 
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below, a revised cost estimate, or recommend an amendment to this contract.  Both the 
provider and FDOH shall reach a written agreement prior to moving forward with Task D. 
 
Deliverable:  Meeting summary and recommended scope and budget revisions. 

 
6. Quality Assurance Project Plan Nitrogen Fate and Transport Models (final) 

The department will gather comments on the draft QAPP from RRAC and any other 
interested parties and transmit such comments to the provider within one month of 
receiving the draft.  The provider will address these comments in preparing final 
deliverables within one month of receiving comments. 
 
Deliverable: Final QAPP acceptable by FDOH. 
 

7. Simple Soil Model Development 
This model will use a simple classification approach for soil treatment of nitrogen based 
on prior research.  A soil classification model will be adapted (such as developed by D. 
Otis for the Wekiva study) or developed. A more detailed model for soil treatment will be 
developed in a subsequent task (subtask D15), however, a simple soil treatment model 
will allow aquifer model development to proceed much sooner, and is expected to be 
easier to use for many sites where detailed information for such a soil treatment model is 
not available.  
 
Deliverable:  Simple Soil Model Specification memo. 
 

8. Non-steady state aquifer model with simple soil model 
A non-steady state aquifer model will be developed, possibly by revising an existing 
model, to simulate nitrogen concentrations and mass flux in space and time from a 
single OSTDS source, or a surface area that can be estimated as a single OSTDS 
source.  The simple soil model from D7 will be linked to this model, and it is anticipated 
that aerial nitrogen input and loading will depend on factors such as pretreatment, 
recharge, soil conditions, and property size.  Model development will be based on 
information gained in the literature review.   
 
Deliverable:  Brief modeling memo and model in electronic format (e.g., Microsoft Excel 
spreadsheet). 
 

9. Aquifer model with averaged output with simple soil model 
A model will be developed, possibly by revising the model developed in Task D8, to 
produce averaged output predictions for nitrogen concentration or mass flux. 
 
Deliverable:  Brief modeling memo and model in electronic format. 
 

10. Multiple source aquifer model 
A model will be developed, possibly by revising an existing model, to simulate nitrogen 
concentrations and mass flux in space and time from several OSTDS in a development-
scale area. 
 
Deliverable:  Brief modeling memo and model in electronic format. 

 
11. Calibrate non-steady state aquifer model to existing data sets 
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The models will be initially calibrated using existing data sets from Florida or other sites 
identified during subtask 3.  The aquifer model performance will be evaluated using 
measures of difference between available actual field data and model results.   By 
comparing predictions from a calibrated model to another data set, this task may result 
in verification of the model.  Experience during calibration or sensitivity analysis of the 
model will likely be useful to better understand the quality and quantity of data required 
to enable a rigorous calibration using data from Task C. 
 
Deliverable: Model calibration memo. 
 

12. Calibrate aquifer model with averaged output to existing data sets 
The aquifer model will be calibrated using existing data sets based on metrics such as 
average concentration in the plume or mass flux crossing a boundary. 
 
Deliverable: Model calibration memo. 
 

13. Calibrate multi-source aquifer model to existing data sets 
The aquifer model will be calibrated using existing data from a development-scale 
plume, based on metrics such as average concentration in the plume or mass flux 
crossing a boundary. 
 
Deliverable: Model calibration memo. 

 
14. Complex Soil Model  

The complex soil model will be based on unsaturated soil transport mechanisms,  and 
based on Florida-specific soil and climate data, but still incorporated into a simplified 
approach (e.g., programmed into a Microsoft Excel spreadsheet) useable by most 
practitioners with basic training.  For example, the complex soil model may incorporate a 
field-capacity/mass-balance approach for water flow similar to that used by the Yucca 
Mountain project to estimate infiltration, which addresses the capacity of soil to store 
water and tracks water entering and leaving the soil.  The soil treatment module would 
enable estimation of site-specific soil treatment in the vadose zone, and model output 
will be the loading at the water table to the aquifer models.  Development of the complex 
soil treatment module will be further described in the QAPP.   
 
Deliverable: Complex Soil Model specification memo. 

 
15. Non-steady state aquifer model with complex soil model 

The complex soil-treatment model from D14 will be interfaced with the non-steady state 
aquifer model.  Development of the non-steady state aquifer model based on a complex 
soil treatment module will be further described in the QAPP.   
 
Deliverable:  Brief modeling memo and model in electronic format. 

 
16. Aquifer model with averaged output, with complex soil model 

The complex soil-treatment model will be interfaced with the averaged aquifer model.  
Development of the averaged aquifer model based on a complex soil treatment module 
will be further described in the QAPP. 
 
 Deliverable:  Brief modeling memo and model in electronic format. 
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17. Multi-source aquifer model, with complex soil model 
The complex soil-treatment model will be interfaced with the averaged aquifer model, 
taking into account numerous OSTDS in an area. 
 
Deliverable:  Brief modeling memo and model in electronic format. 

 
18. Calibrate non-steady state and averaged aquifer and complex soil model to 

existing data sets  
Aquifer model performance will be evaluated using available actual field data and 
rigorous calibration techniques for the integrated soil-treatment/aquifer model.   By 
comparing predictions from a calibrated model to another data set, this task may result 
in verification of the model. Experience during calibration or sensitivity analysis of the 
model will likely be useful to better understand the quality and quantity of data required 
to rigorously calibrate the model (Task C). 
 
Deliverable: Model calibration memo. 
 

19. Calibrate multi-source aquifer model and complex soil model to existing data sets 
Aquifer model performance will be evaluated using data from a development-scale 
plume and rigorous calibration techniques for the integrated soil treatment/aquifer model. 
 
Deliverable: Model calibration memo. 

 
20. Uncertainty Analysis for Non-Calibrated Models 

A methodology will be developed whereby the developed models can be used for 
decision making even if sufficient site-specific data does not exist to calibrate the model.   
Probability-based ranges for model input parameters will be used to generate probable 
model outcomes, providing planners with the option of using the most probable model 
outcome in the decision making process, or the model outcome that would lead to a 
more conservative or liberal decision as the specific case warrants.  To the extent 
possible (without precluding model-performance evaluation of the aquifer model in year 
1), model uncertainty and sensitivity analyses will be conducted. 
 
Deliverable:  Uncertainty analysis memo. 
 

21. Validate/Refine non-steady state aquifer model with data collection from Task C 
Aquifer model performance will be evaluated using ground-water data collected from 
Task C and rigorous calibration techniques.  The calibration procedure will be an 
iterative process and may suggest revisions in the data collection plan or in the model 
itself. 
 
Deliverable:  Model validation memo. 
 

22. Validate/Refine complex soil model with data collected from Task C 
Soil treatment model performance will be evaluated using field data collected from Task 
C (soil, vadose zone, shallow water table) and rigorous calibration techniques.  The 
calibration procedure will be an iterative process and may suggest revisions in the data 
collection plan or in the model itself. 
 
Deliverable: Model validation memo. 

 

                                                                   27            Nitrogen Reduction Strategies 
 



Amendment #001 
 

23. Uncertainty analysis for calibrated models 
The uncertainty in results produced by calibrated models (e.g., nitrogen concentration or 
mass flux) will be characterized based on factors such as range in calibrated parameter 
set values that result in similar agreement between model results and data, model-
parameter correlation and bias, and the potential for different parameter combinations to 
achieve the same agreement between model results and data. 
 
Deliverable: Model uncertainty analysis memo. 
 

24. Validate/Refine non-steady state aquifer, complex soil model with Data Collected 
from Task C 
Soil/aquifer integrated model performance will be evaluated using site-scale field data 
collected from Task C and rigorous calibration techniques.  The calibration procedure 
will be an iterative process and may suggest revisions in the data collection plan or in 
the model itself. 
 
Deliverable: Model validation memo. 
 

25. Decision-Making Framework Considering Uncertainty 
A methodology will be developed based on the results of subtask 20 to describe how 
planners can include the uncertainty associated with both calibrated and non-calibrated 
models in the decision-making process.   
 
Deliverable: Modeling decision-making memo. 
 

26. Validate/Refine multi-source aquifer model, complex soil model with data 
collected from Task C 
Soil/aquifer integrated model performance will be evaluated using development-scale 
plume field data collected from Task C and rigorous calibration techniques.   The 
calibration procedure will be an iterative process and may suggest revisions in the data 
collection plan or in the model itself. 
 
Deliverable: Model validation memo. 

 
27. Task D Final Report (draft) 

The draft final report will be developed to summarize the results of the Task D modeling 
development. 
 
Deliverable: Draft Task D Report. 
 

28. Task D Final Report (final) 
The department will gather comments on the draft final report from RRAC and any other 
interested parties and transmit such comments to the provider within one month of 
receiving the draft.  The provider will address these comments in preparing final 
deliverables within one month of receiving comments. 
 
Deliverable: Final Task D Report. 
 

Task E Project Management, Coordination and Meetings 
 
The objectives of Project management, coordination and meetings are: 
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 Conduct project kickoff meeting 
 Prepare progress reports 
 Make presentations to RRAC and TRAP 
 Conduct PAC meetings 

 
Sub-tasks and Deliverables 
 

1. Project Kick-Off Meeting (conference call) 
The provider will hold a project kick-off meeting to establish contact information, routes 
of communication, points of contact, and administrative procedures.  A list of attendees, 
contact information sheet and meeting minutes will be produced by the provider.  
 

2. PM - Project Progress Reports (per quarterly report) 
A quarterly progress report will be provided that summarizes the general status of each 
task, progress during the reporting period, activities planned in the next reporting period, 
and any issues, problems or decisions with significant effect on project implementation. 
This task includes time for the project manager, for project team and Program 
Coordination, Subcontract maintenance, project financial analysis, and invoicing.   
 

3. RRAC or TRAP Presentation (per meeting) 
The provider shall present project result updates to the RRAC, TRAP or other occasions 
as requested by the department in writing. 
 

4. RRAC or TRAP Meeting Attendance (per meeting) 
The provider shall attend meetings of the RRAC, TRAP or other occasions as requested 
by the department in writing.. 
 

5. Project Advisory Committee PAC Meetings (per meeting) 
Project Advisory Committee (PAC) meetings will be held as agreed upon between the 
department and the provider to evaluate the strategic direction of the project, review 
project activities and reports, provide technical review, and make comments and 
recommendations on project activities.  The provider will submit to the department for 
each review meeting a summary report that documents PAC input. 

 
Task F.  Other Services 
 
Other subtasks, including deliverables and prices, may be defined and added to this contract by 
amendment.  These subtasks shall be within the general scope of the original Invitation to 
Negotiate leading to this contract.  Criteria to initiate an amendment will include:  either RRAC 
direction or changes in funding and/or direction by the Legislature, and agreement between the 
department and the provider.  Any amendments shall be prospective, and the provider shall not 
perform the revised tasks until the amendment has been fully executed.  All task amendments 
shall be within the scope of the original Invitation to Negotiate.    
 

b)  Task Limits   

 Services are limited to the contract specifications and the availability of funds. 
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The provider shall not perform any tasks related to the project other than those 
described in Section B, Manner of Service Provision, Paragraph 1(a), Task List. 
without the express written consent of the department. 

2.  Staffing Requirements 

a)   Staffing levels 

Provider will have at least one project manager and a qualified person to do field 
work available on staff.  The provider shall maintain an adequate administrative 
organizational structure and support staff sufficient to discharge its contractual 
responsibilities.  In the event the department determines that the provider’s 
staffing levels do not conform to those promised in the proposal, it shall advise 
the provider in writing who shall have thirty (30) days to remedy the identified 
staffing deficiencies. 

The provider shall replace any employee whose continued presence would be 
detrimental to the success of the project as determined by the department with 
an employee of equal or superior qualifications.  The department’s contract 
manager will exercise exclusive judgment in this matter. 

b) Professional Qualifications 

Qualifications shall include evidence of either work experience or training in 
sampling of water quality.   

c) Staffing Changes 

If such staff ceases to be available, provider may substitute staff with equivalent 
qualifications, provided that the substitute shall be trained on the project by the 
provider, and the department is given two weeks notice of such a change and the 
provider’s plan for the transition. 

d) Subcontractors 

Subcontractors may be used by the provider; their role shall be described in the 
associated QAPP documents. 

1. Service Location and Equipment 
 

a) Service Location 

Field work shall be performed in the State of Florida.  Analytical work and data 
analysis shall be performed in the field, at the laboratory, or office locations as 
chosen by the provider, and subject to the associated QAPP documents. 

b) Service Delivery Location 
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Services listed under Section B, Manner of Service Provision, Paragraph 1(a), 
Task List will be delivered at the following location: 

Department of Health, Division of Environmental Health 
Bureau of Onsite Sewage Programs 
4052 Bald Cypress Way, Bin #A-08 
Tallahassee, Florida 32399-1713 

c) Change in Location 

Upon any change in location, provider shall report to the department within two 
weeks of such a change and the provider’s plan for the transition.  All changes 
in location must be approved by the department. 

d) Equipment 

The provider and its subcontractors will be responsible for supplying, at its own 
expense, either directly or indirectly, all equipment necessary to perform, 
conduct, and complete the contract including, but not limited to, computers, 
telephones, copiers, fax machines, sampling equipment, supplies and 
maintenance, as well as needed office supplies.  Liability for the use of 
equipment shall be exclusively the domain of the provider.  See the provisions in 
the standard contract for liability. 
 

4.  Deliverables 

a) Service Unit 

See Section B, Manner of Service Provision, Paragraph 1(a), Task List for list of 
deliverables and the associated tasks.  

b) Reports 

The provider shall provide an expenditure report for the project together with the 
final invoice.  The expenditure report shall include date, amount, recipient, and 
category of expenditures.  

c) Records and Documentation 

Copies of deliverables shall be kept at the provider’s office in electronic and 
paper format.  Field records shall be kept at the provider’s office in the format 
they were obtained.  See the provisions of the standard contract for length of 
record keeping. 

5.   Performance Specifications 

a) Outcomes and Outputs  
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Outcomes shall be measured in service tasks as specified in Section B, Manner 
of Service Provision, Paragraph 1(a), Task List.  The deliverables will be 
evaluated for accuracy and percentage completed. 

b) Monitoring and Evaluation Methodology 

The department shall monitor performance of the provider by review of the 
deliverables and by attending at least one of the sampling events to observe if 
sampling procedures outlined in the QAPP are followed.  Any observed 
shortcomings shall be noted to and resolved by the provider. 

6.  Provider responsibility 

All unique activities that the provider is responsible for are outlined in this contract under 
section B, Manner of Service Provision, Paragraph 1(a), Task List. 

7.  Department responsibility 

The department has final authority over approving quality acceptability of service 
deliverables.  The department reserves the right to renegotiate or terminate this contract 
if the performance standards are not satisfactorily met. 

The department shall facilitate review of QAPP, other deliverables, and reports. 

Department staff shall also perform one contract monitoring evaluation to demonstrate 
that the terms of the contract are met. 

C. METHOD OF PAYMENT 

1.  Payment Clause.   

This is a fixed price (unit cost) contract except Task A.22 and Task C.11 which will be 
cost reimbursable.  The department shall pay the provider, upon satisfactory completion 
of the services outlined in the Attachment I of this contract in accordance with the terms 
of this contract for a total dollar amount not to exceed $4,999,999.00, subject to the 
availability of funds.  There shall be no equipment budget.  The purchase of any 
equipment is the responsibility of the provider as are any cost overruns. 

Fixed Price Presentation 

Deliverables, listed in Section B, Manner of Service Provision, Paragraph 1(a), Task List., 
developed during completion of the tasks described in Section B, Manner of Service 
Provision, Paragraph 1(a), Task List shall be paid according to the schedule on the 
following pages: 
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TASK NO. Task

Per Deliverable 
Subtotal (New) Jun-09 Jul-09 Aug-09 Sep-09 Oct-09 Nov-09 Dec-09 Jan-10 Feb-10 Mar-10 Apr-10 May-10 Jun-10 YR1 YR 2 YR3 YR1 YR 2 YR3 Total

A Task A:  Technology Selection & Prioritization $363,509 $284,835 $86,940 $735,284

A.1 Draft Literature Review Report  $                13,796.00 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 $13,796 $0 $0 $13,796

A.2 Final Literature Review Report  $                   6,092.00 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 $6,092 $0 $0 $6,092

A.3 Draft Classification of Technologies Report  $                12,830.60 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 $12,831 $0 $0 $12,831

A.4 Draft Technology Ranking Criteria Report  $                10,096.00 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 $10,096 $0 $0 $10,096

A.5 Draft Priority List for Testing Report  $                14,858.60 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 $14,859 $0 $0 $14,859

A.6
Technology Classification, Ranking and Prioritizatio
Workshop  $                18,242.60 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 $18,243 $0 $0 $18,243

A.7 Final Classification of Technologies Report  $                   5,044.00 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 $5,044 $0 $0 $5,044

A.8 Final Technology Ranking Criteria Report  $                   7,944.00 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 $7,944 $0 $0 $7,944

A.9 Final Priority List for Testing Report  $                   7,786.60 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 $7,787 $0 $0 $7,787

A.10
Draft Innovative Systems Applications Report (pe
technology, up to five)  $                11,655.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 $0 $58,275 $0 $58,275

A.11
Final Innovative Systems Applications Report (pe
technology, up to five)  $                   9,219.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 $0 $46,095 $0 $46,095

A.12
Identification of Test Facility Sites (per site
agreement)  $                   2,538.25 1.8 0 0 0 0 0 0 0.2 0 0 0 0 0 2 0 0 $5,077 $0 $0 $5,077

A.13 Draft PNRS II QAPP  $                13,170.50 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 $13,171 $0 $0 $13,171

A.14 Recommendation for Process Forward (per meeting) $                   6,236.50 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 $6,237 $0 $0 $6,237

A.15 Final PNRS II QAPP  $                   4,496.00 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 $4,496 $0 $0 $4,496

A.16 Materials Testing for FDoH Additives Rule  $                   4,000.00 2 2 4 0 0 $16,000 $0 $0 $16,000

A.17 PNRS Specification Reports  $                18,715.00 0 0 0 0 0 0 0 0 1 1 1 0 $18,715 $18,715 $0 $37,430

A.18 PNRS II Test Facility Design 50%  $                11,721.48 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 $11,721 $0 $0 $11,721

A.19 PNRS II Test Facility Design 100%  $                16,200.50 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 $16,201 $0 $0 $16,201

A.20

PNRS II Test Facility Construction Support and
Administration (2 deliverables, 50% at start, 50% at 
completion)  $                16,601.00 0 0 0 0 0 0 0 1 1 0 0 2 0 0 $33,202 $0 $0 $33,202

A.21
PNRS II Test Facility Construction 50% (2
deliverables, start and 50% complete)  $                25,000.00 0 0 0 0 0 0 0 1 1 0 0 0 2 0 0 $50,000 $0 $0 $50,000

A.22
PNRS II Test Facility Construction 100% (cost
reimbursable)  $                40,000.00 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 $40,000 $0 $0 $40,000

A.23
PNRS II Test Facility Construction Substantial
Completion  $                10,000.00 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 $10,000 $0 $0 $10,000

A.24 PNRS II Test Facility Accept Construction  $                   9,650.00 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 $9,650 $0 $0 $9,650

A.25
Monitoring and Sample Event Reports (per sample
event)  $                28,985.00 0 0 0 0 0 0 0 0 0 0 1 1 5 0 $28,985 $144,925 $0 $173,910

A.26 Data Summary Report (per sample event)  $                   3,365.00 0 0 0 0 0 0 0 0 0 0 0 1 1 5 0 $3,365 $16,825 $0 $20,190

A.27 Draft PNRS II Report  $                34,220.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 $0 $0 $34,220 $34,220

A.28 Final PNRS II Report  $                17,240.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 $0 $0 $17,240 $17,240

A.29 Draft Task A Final Report  $                26,000.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 $0 $0 $26,000 $26,000
A.30 Task A Final Report  $                   9,480.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 $0 $0 $9,480 $9,480

No. of Deliverables No. of Deliverables Total Cost
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TASK NO. Task

Per Deliverable 
Subtotal (New) Jun-09 Jul-09 Aug-09 Sep-09 Oct-09 Nov-09 Dec-09 Jan-10 Feb-10 Mar-10 Apr-10 May-10 Jun-10 YR1 YR 2 YR3 YR1 YR 2 YR3 Total

No. of Deliverables No. of Deliverables Total Cost

B Task B: Field Testing of Technologies $0 $484,057 $511,184 $995,241

B.1
Identification of Home Sites (per homeowne
agreement)  $                   9,341.67 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 $0 $93,417 $0 $93,417

B.2 Vendor Agreement Report (per vendor agreement)  $                   7,580.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 $0 $60,640 $0 $60,640

B.3 Draft QAPP for Field Testing  $                25,700.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 $0 $25,700 $0 $25,700

B.4 Recommendation for Process Forward (per meeting) $                   6,780.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 $0 $6,780 $0 $6,780

B.5 Final QAPP Field Testing  $                11,060.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 $0 $11,060 $0 $11,060

B.6 Field Systems Installation Report (per system)  $                37,900.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 4 $0 $151,600 $151,600 $303,200

B.7 Field Systems Monitoring Report (per event)  $                26,910.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 4 $0 $107,640 $107,640 $215,280

B.8
Field Systems Operation, Maintenance and Repairs
Report (per system)  $                   8,630.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 $0 $0 $69,040 $69,040

B.9
Technical Description of Nitrogen Reduction
Technology Report  $                17,160.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 $0 $0 $17,160 $17,160

B.10
Acceptance of System by Owner Report (pe
system)  $                   4,758.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 $0 $0 $38,064 $38,064

B.11
LCCA Template Report (draft template and use
guidelines)  $                18,140.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 $0 $18,140 $0 $18,140

B.12
LCCA Template Report (final template and use
guidelines)  $                   9,080.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 $0 $9,080 $0 $9,080

B.13 LCCA Report (per system)  $                   5,040.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 $0 $0 $40,320 $40,320

B.14 Draft Task B Final Report  $                57,600.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 $0 $0 $57,600 $57,600
B.15 Task B Final Report  $                29,760.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 $0 $0 $29,760 $29,760
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TASK NO. Task

Per Deliverable 
Subtotal (New) Jun-09 Jul-09 Aug-09 Sep-09 Oct-09 Nov-09 Dec-09 Jan-10 Feb-10 Mar-10 Apr-10 May-10 Jun-10 YR1 YR 2 YR3 YR1 YR 2 YR3 Total

No. of Deliverables No. of Deliverables Total Cost

C
Task C: Evaluation of Nitrogen Reduction by Soils &
Shallow GW $358,114 $1,043,416 $652,010 $2,053,539

C.1
Draft Literature Review on Nitrogen Reduction in
Soil Report  $                11,300.00 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 $11,300 $0 $0 $11,300

C.2
Final Literature Review on Nitrogen Reduction in
Soil Report  $                   6,900.00 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 $6,900 $0 $0 $6,900

C.3
Draft QAPP Evaluation of N Reduction by Soils &
Shallow GW  $                38,939.50 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 $38,940 $0 $0 $38,940

C.4 Recommendation for Process Forward (per meeting) $                   5,906.50 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 $5,907 $0 $0 $5,907

C.5
Final QAPP Evaluation of N Reduction by Soils &
Shallow GW  $                   9,189.73 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 $9,190 $0 $0 $9,190

C.6 S&GW Test Facility Design 50%  $                26,470.50 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 $26,471 $0 $0 $26,471

C.7 S&GW Test Facility Design 100%  $                26,570.50 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 $26,571 $0 $0 $26,571

C.8 S&GW Test Facility Design Final  $                21,207.00 1 1 $21,207 $0 $0 $21,207

C.9
S&GW Construction Support & Administration  (2 
deliverables, 50% at start, 50% at completion)  $                13,560.00 1 1 2 $27,120 $0 $0 $27,120

C.10
S&GW Test Facility Construction 50% (2 
deliverables, start and 50% complete)  $                15,000.00 1 1 2 $30,000 $0 $0 $30,000

C.11
S&GW Test Facility Construction 100% (cost 
reimbursable)  $                30,000.00 1 1 $30,000 $0 $0 $30,000

C.12
S&GW Test Facility Construction Substantial
Completion  $                   3,680.00 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 $3,680 $0 $0 $3,680

C.13 S&GW Test Facility Accept Construction  $                   7,480.00 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 $7,480 $0 $0 $7,480

C.14
Soils & Hydrogeologic and Monitoring Plan fo
S&GW Test Facility  $                34,945.00 1 1 $34,945 $0 $0 $34,945

C.15 Tracer Testing at GCREC (per tracer test)  $                18,910.00 0 1 0 1 2 $18,910 $37,820 $0 $56,730

C.16 S&GW Sample Event Reports (per sample event)  $                37,523.28 0 6 6 $0 $225,140 $225,140 $450,279

C.17 S&GW Data Summary Report (per sample event)  $                   3,240.00 0 6 6 $0 $19,440 $19,440 $38,880

C.18 Test Facility Closeout Report  $                13,080.00 0 1 $0 $0 $13,080 $13,080

C.19 Field Site Selection (per property owner agreement) $                   9,932.67 0 8 $0 $79,461 $0 $79,461

C.20 Instrumentation of GCREC Mound System  $                59,495.00 1 1 $59,495 $0 $0 $59,495

C.21
GCREC Mound Sample Event Report (per sampling
event)  $                42,610.00 0 0 4 $0 $170,440 $0 $170,440

C.22
GCREC Mound Data Summary Report (per
sampling event)  $                   3,840.00 0 0 4 $0 $15,360 $0 $15,360

C.23
Instrumentation of Remaining Field Sites Report (pe
site)  $                43,075.00 0 5 $0 $215,375 $0 $215,375

C.24
Field Sites Sample Event Reports (per sample
event, per site)  $                43,890.00 0 6 6 $0 $263,340 $263,340 $526,680

C.25
Field Sites Data Summary Report (per sample even
per site)  $                   2,840.00 0 6 6 $0 $17,040 $17,040 $34,080

C.26 Draft Site Summary and Close-out Report (per site)  $                   8,680.00 0 0 5 $0 $0 $43,400 $43,400

C.27 Final Site Close-Out Report (per site)  $                   2,670.00 0 0 5 $0 $0 $13,350 $13,350

C.28 Draft Task C Final Report  $                40,040.00 0 0 1 $0 $0 $40,040 $40,040
C.29 Task C Final Report  $                17,180.00 0 0 1 $0 $0 $17,180 $17,180
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TASK NO. Task

Per Deliverable 
Subtotal (New) Jun-09 Jul-09 Aug-09 Sep-09 Oct-09 Nov-09 Dec-09 Jan-10 Feb-10 Mar-10 Apr-10 May-10 Jun-10 YR1 YR 2 YR3 YR1 YR 2 YR3 Total

No. of Deliverables No. of Deliverables Total Cost

D Task D: Nitrogen Fate and Transport Models $90,015 $280,602 $427,406 $798,023

D.1
Draft Literature Review on Nitrogen Fate &
Transport Model Report  $                15,533.23 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 $15,533 $0 $0 $15,533

D.2
Final Literature Review on Nitrogen Fate &
Transport Model Report  $                   5,211.08 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 $5,211 $0 $0 $5,211

D.3 Selection of Existing Data Set for Calibration Report $                15,092.20 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 $15,092 $0 $0 $15,092

D.4 Draft QAPP N Fate and Transport Models  $                32,186.76 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 $32,187 $0 $0 $32,187

D.5 Recommendation for Process Forward (per meeting) $                   6,334.00 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 $6,334 $0 $0 $6,334

D.6 Final QAPP N Fate and Transport Models  $                15,657.38 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 $15,657 $0 $0 $15,657

D.7 Simple Soil Model Development  $                   4,263.26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 $0 $4,263 $0 $4,263

D.8 Non-Steady State Aquifer Model, Simple Soil Model  $                17,053.04 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 $0 $17,053 $0 $17,053

D.9
Aquifer Model with Averaged Output, Simple So
Model  $                20,008.30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 $0 $20,008 $0 $20,008

D.10 Multi-Source Aquifer Model  $                22,834.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 $0 $22,835 $0 $22,835

D.11
Calibrate Non-Steady State Aquifer Model to
Existing Data Sets  $                34,033.63 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 $0 $34,034 $0 $34,034

D.12
Calibrate Aquifer Model with Averaged Output to
Existing Data Sets  $                11,634.88 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 $0 $11,635 $0 $11,635

D.13
Calibrate Multi-Source Aquifer Model to Existing
Data Sets  $                22,834.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 $0 $22,835 $0 $22,835

D.14 Complex Soil Model Development  $                63,936.61 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 $0 $63,937 $0 $63,937

D.15
Non-Steady State Aquifer Model, Complex Soi
Model  $                27,401.40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 $0 $27,401 $0 $27,401

D.16
Aquifer Model with Averaged Output, Complex So
Model  $                12,942.88 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 $0 $12,943 $0 $12,943

D.17 Multi-Source Aquifer Model, Complex Soil Model  $                12,942.88 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 $0 $0 $12,943 $12,943

D.18
Calibrate Non-Steady State Aquifer Model, Complex
Soil Model to Existing Data Sets  $                16,480.93 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 $0 $0 $16,481 $16,481

D.19
Calibrate Multi-Source Aquifer Model, Complex Soi
Model to Existing Data Sets  $                16,480.93 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 $0 $0 $16,481 $16,481

D.20 Uncertainty Analysis for Non-Calibrated Models  $                43,658.81 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 $0 $43,659 $0 $43,659

D.21
Validate/Refine Non-Steady State Aquifer Mode
with Data Collection from Task C  $                65,924.71 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 $0 $0 $65,925 $65,925

D.22
Validate/Refine Complex Soil Model with Data
Collected from Task C  $                65,052.71 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 $0 $0 $65,053 $65,053

D.23 Uncertainty Analysis for Calibrated Models  $                33,128.18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 $0 $0 $33,128 $33,128

D.24
Validate/Refine Non-Steady State Aquifer, Complex 
Soil Model with Data Collected from Task C  $                66,257.35 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 $0 $0 $66,257 $66,257

D.25
Decision-Making Framework Considering
Uncertainty  $                44,752.57 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 $0 $0 $44,753 $44,753

D.26

Validate Refine Multi-Source Aquifer Model,
Complex Soil Model with Data Collected from Task 
C  $                65,385.35 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 $0 $0 $65,385 $65,385

D.27 Draft Task D Final Report  $                28,500.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 $0 $0 $28,500 $28,500

D.28 Task D Final Report  $                12,500.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 $0 $0 $12,500 $12,500

E
Task E: Project Management, Coordination, and
Meetings  $                              -   $90,695 $77,932 $249,247 $417,874

E.1 Project Kick-Off Meeting (conference call)  $                   7,724.00 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 $7,724 $0 $0 $7,724

E.2 PM-Project Progress Reports (per quarterly report)  $                   9,298.00 5 0 0 0.5 0 0 0 0.5 0 0 0 0 0 6 4 12 $55,788 $37,192 $111,576 $204,556

E.3 RRAC or TRAP Presentation (per meeting)  $                11,732.25 0 1 0 0 0 0 0 0 0 0 1 2 1 4 $23,465 $11,732 $46,929 $82,126

E.4 RRAC or TRAP Meeting Attendance (per meeting)  $                   3,718.05 0 0 0 0 0 0 0 0 1 0 1 1 4 $3,718 $3,718 $14,872 $22,308

E.5 PAC Meetings (per meeting)  $                25,290.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3 $0 $25,290 $75,870 $101,160

F Task F: Other

$4,999,961

$902,332 $2,170,842 $1,926,786 $4,999,961PROJECT YEARLY TOTALS

PROJECT TOTALS
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Amendment #001 
 

2.   Invoice Requirements. 

The provider shall submit an invoice to the contract manager at the address listed in the 
department’s standard contract on a monthly basis using the form of Attachment III within 
30 days following the end of the period for which payment is being requested.  Payment 
shall be authorized only for service tasks on the invoice that are in accord with the above 
list and other terms and conditions of this contract.  Documentation of completion of service 
tasks shall be submitted to the contract manager prior to, or with the invoice.  Partially 
completed tasks may be invoiced and paid based on the percentage of the service task 
completed.   
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Amendment #001 
 

                                                                   38            Nitrogen Reduction Strategies 
 

 

This amendment shall begin on February 15, 2010, or the date on which the amendment has 
been signed by both parties, whichever is later. 
 
All provisions in the contract and any attachments thereto in conflict with this amendment shall be 
and are hereby changed to conform with this amendment. 
 
All provisions not in conflict with this amendment are still in effect and are to be performed at the 
level specified in the contract. 
 
This amendment and all its attachments are hereby made a part of the contract. 
 
  
 
 
 
IN WITNESS THEREOF, the parties hereto have caused this 38 page amendment to be executed 
by their officials thereunto duly authorized. 
 
  STATE OF FLORIDA 
  DEPARTMENT OF 
  HEALTH 
PROVIDER: Hazen and Sawyer, P.C.    
                      
SIGNED  SIGNED 
BY:   BY:   
 
NAME: Damann L. Anderson  NAME: Shairi Turner, M.D., M.P.H. 
TITLE: Vice President   TITLE: Deputy Secretary of Health        
 
DATE:   DATE:   
 
FEDERAL ID NUMBER: 
 
13-2904652  

 

This is the end of text. 
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Section 1.0 
Introduction 

1.1 Project Background 
Nitrogen is an important concern for water quality and nitrate-nitrogen represents per-
haps the most common groundwater pollutant. Animals, crops, ecosystems, and human 
health can be adversely impacted by the presence of nitrogen in water supplies. The en-
vironmental effects of nitrogen on groundwater and surface water can ultimately lead to 
the degradation of surface waters in watershed systems that have strong groundwa-
ter/surface water interactions. Nitrogen that enters surface water bodies via these inte-
ractions can lead to algal blooms and eutrophication. These processes lead to oxygen 
depletion in surface waters which can be harmful to natural aquatic life. In Florida, the 
protection of watersheds, in particular surface water bodies, has led to the legislation of 
protection of these areas (i.e., the Wekiva River Protection Act). 

Nitrogen transport in the subsurface is a complex process, especially when considering 
the nitrogen inputs from onsite sewage treatment and disposal systems (OSTDS). Fig-
ure 1-1 summarizes the conceptual understanding of the inputs of nitrogen and the 
transformative and advective processes that lead to nitrogen contamination of ground-
water. Additional discussion regarding the fate and transport of nitrogen and its move-
ment and distribution in groundwater related to OSTDS was presented in the Task C Li-
terature Review. 
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Figure 1-1: Nitrogen Processes Occurring in a Typical OSTDS 

(after Heatwole and McCray, 2007) 

As a result of the widespread impacts of nitrogen on groundwater and surface waters in 
Florida, the management of nitrogen sources, including OSTDS, is of paramount con-
cern for the protection of the environment. As part of Task C of the Florida Onsite Se-
wage Nitrogen Reduction Strategies (FOSNRS) Study, field testing related to nitrogen 
fate and transport will be conducted at the University of Florida Gulf Coast Research and 
Education Center (GCREC) and individual residential home sites to evaluate expected 
full-scale performance and produce data required for calibration and validation of fate 
and transport models developed in Task D.  

1.2 Project Scope and Purpose 
The overall goal of Task C is to critically characterize nitrogen reduction in Florida soils 
and groundwater. To accomplish this goal several objectives are identified: 

● determine the cumulative mass loading of N to the soil and groundwater (i.e., at 
the GCREC), 

Groundwater 
Table 

Drinking Water Well 
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● identify how currently designed and implemented OSTDS perform (i.e., home 
sites), 

● understand treatment processes involved, and  

● obtain/refine model parameter inputs (e.g., denitrification rates). 

To meet these objectives a combination of controlled field testing and field monitoring at 
home sites is planned. Controlled field testing will be conducted at the GCREC. Home 
sites will be selected from three regions: north Florida, central Florida, and south Florida. 
Monitoring at each site will include effluent quality, hydraulic loading rate to the soil, soil 
properties, groundwater properties, groundwater concentrations, and climate/weather 
conditions. The project approach is described in detail in Section 2.0. 

1.3 Project Organization 
Task C is comprised of several interrelated subtasks that fall within four primary catego-
ries: 

1) literature review and work plan development, 

2) controlled pilot-scale testing, 

3) field monitoring, and 

4) reporting. 

The literature review and work plan development are the first tasks to be completed. 
This Quality Assurance Project Plan (QAPP) describes the proposed testing and field 
monitoring framework building off of the existing knowledge of OSTDS performance. The 
literature review has been previously submitted to the Florida Department of Health 
(FDOH) and the Research Review and Advisory Committee (RRAC) for review (Task 
C.1). Supplemental plans to this QAPP will include the homeowner agreement (Task 
C.6), home site installation reports (Task C.7), and the test facility design and construc-
tion (Tasks C.11 – C.18).  

The work described in this QAPP encompasses the entire scope of the 5 year project. 
However, the funding for subsequent years remains unclear which prevents detailed de-
scription of unfunded activities. In addition, efforts to be completed in subsequent years 
will build off of the previous findings using the observational method. The field monitoring 
described herein is designed to provide different levels of information and understanding 
independent of future year activities, but when all levels of information are combined to-
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gether provides a comprehensive understanding of nitrogen reduction strategies in Flori-
da. The project work scope is described in Section 2.  The methods of data collection 
and handling to ensure the data quality objectives are met are described in Section 3.  
Finally, health and safety precautions required during project activities are described in 
Section 4.  Table 1 summarizes the overall project scope and levels of information to be 
gathered. 

 
Table 1.1 

Overall Project Scope and Levels of Information to be Gathered 
Level Information Goal Activity Planned Funding 

Year 
1: Controlled pilot-
scale testing at the 
GCREC Soil and 
Groundwater Test 
Facility 

Detailed data gathering at one 
location (GCREC) to evaluate 
mechanisms and conditions 
that impact nitrogen reduction. 
Enables development of sim-
ple tools in Task D. 

Design and construction of 
test areas 

1 

Unsaturated zone and 
groundwater monitoring 

2 

Unsaturated zone and 
groundwater monitoring, 
and plume delineation 

3 – 5 

2: Field-scale testing 
at the existing 
GCREC mound sys-
tem 

Bridges the controlled GCREC 
(level 1) and uncontrolled 
home site (level 3) monitoring. 
Enables calibration of the sim-
ple tools in Task D. 

Instrumentation, plume 
delineation, and ground-
water monitoring 

1 

Groundwater monitoring 2 – 5 

3: Uncontrolled field-
scale monitoring at 
field sites 

Provides insight into behavior 
of typical OSTDS currently in 
use. Enables comparison of 
the output from simple tools 
developed in Task D under 
different soil conditions. 

Monitoring conducted at 
the GCREC OSTDS (level 
2) with better operational 
control and higher monitor-
ing frequency than at fu-
ture home sites. 

1 

Home site identification, 
instrumentation, plume 
delineation, and ground-
water monitoring 

2 – 5 

 

The mound OSTDS currently serving the GCREC will be the first field site monitored to 
establish the monitoring framework while enabling greater control of system operation as 
well as higher resolution of field monitoring. 

Controlled pilot-scale testing will be conducted at the GCREC Soil and Groundwater 
Test Facility to characterize nitrogen fate and transport under a variety of typical operat-
ing conditions. The test area will be highly monitored in the both the unsaturated and sa-
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turated zones to enable definition of key treatment processes. Tracer tests are also 
planned to determine groundwater velocity and enable assessment of the groundwater 
dilution that occurs in an OSTDS. Each test area will be monitored to delineate effluent 
quality, hydraulic and nitrogen loading rates to the soil, nitrogen transformation in the 
vadose zone, and potential groundwater impacts. Sufficient temporary piezometers will 
be used to enable hydrogeologic characterization. 

Field monitoring will be conducted at residential home or other field sites in Florida to 
evaluate current nitrogen reduction in soil and groundwater. The nitrogen mass loading 
to the environment and the resulting groundwater concentrations will provide input for 
parameter selection as well as validation of the simple models developed in Task D. 
Each site will be monitored to delineate the OSTDS effluent quality, hydraulic and nitro-
gen loading rates to the soil, and potential groundwater impacts. Sufficient temporary 
piezometers will be used to enable hydrogeologic characterization.  

Reporting of Task C results and findings will be through submittal of routine monitoring 
reports. A final report summarizing the results of Task C will be provided at the comple-
tion of the overall project. 

1.4 Key Project Personnel and Responsibilities 
Mr. Damann Anderson of Hazen and Sawyer is the FOSNRS Manager responsible for 
project management and oversight. Mr. Anderson and Ms. Kathryn Lowe of the Colora-
do School of Mines are co-Task C leaders responsible for day-to-day operations and ac-
tivities. The Task C leaders are also responsible for ensuring that this project plan is 
completed and the DQOs are met.  

Personnel from Hazen and Sawyer will be responsible for conducting field activities and 
monitoring. A field team leader will be identified for each field activity and responsible for 
interfacing with subcontractors and task leaders as well as providing daily coordination 
of field activities. Field personnel involved in onsite operations are responsible for notify-
ing the field team leader of any nonconforming field events or problems and ensuring 
that all co-workers are aware of such problems. Field personnel are to perform only 
those tasks that they can do safely and immediately report any accidents and/or unsafe 
conditions to the field leader and/or Task leader. Field personnel include all individuals 
performing field tasks and will demonstrate the experience and/or ability to perform the 
assigned tasks. Equipment operators (e.g., drillers, backhoe operator, etc.) shall be able 
to verify training and experience for the required capabilities. 

Prior to initiating field work, all field personnel will be required to attend a brief site orien-
tation given by the field team leader that will cover the description of work to be per-
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formed (task orientation), standard operating procedures (SOPs), QA/QC measures, and 
safe work practices. In addition, a brief daily “tailgate” meeting will be held to discuss po-
tential concerns and refresh personnel on work task, QA/QC measures, and safe work 
practices. These field meetings will be documented in the field team leader’s logbook. 

Dr. Craig Stanley of the University of Florida will be responsible for interfacing with 
GCREC personnel (e.g., GCREC support staff, graduate students, analytical laboratory 
managers, etc.). Laboratory technicians will perform sample analysis following methods 
described in this QAPP and will have received training on the instrument being used. 

All project personnel are responsible for taking all reasonable precautions to prevent in-
jury to themselves and to their fellow employees. The qualifications for key Task C per-
sonnel were provided in the proposal (Mr. Anderson, Ms. Lowe, Dr. Stanley, Mr. Mark 
Mechling, Mr. Harmon). Mr. Mark Mechling and Mr. Harmon Harden will be responsible 
for home site identification, instrumentation and monitoring activities planned in subse-
quent project years. 
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Section 2.0 
Task C Description 

Field testing will be conducted at the mound OSTDS currently serving the GCREC dur-
ing the first funding year of Task C. Controlled pilot-scale testing and field monitoring at 
individual home sites will be conducted in subsequent funding years. This approach will 
enable more efficient instrumentation and monitoring of home sites by applying what has 
been learned from the controlled GCREC field testing to the monitoring framework at 
each home. For example, if it is determined that specific conditions are critical to capture 
(e.g., significant rainfall events) the frequency of monitoring may be modified to ensure 
key operational stages or conditions are sufficiently characterized. The following sec-
tions describe the field activities that will be conducted during the first funding year and 
outline the field activities at individual home sites anticipated in subsequent years. 

2.1 Description of Activities at the GCREC 
The work scope described in this section is consistent with the scope of work and delive-
rables in the FOSNRS contract. The following description of activities provides detail re-
lated to the controlled field testing and field monitoring including the test area design, 
operating conditions, number and location of monitoring points, sample collection and 
analyses, and data handling.  
 
The overall goal of Task C is to critically characterize nitrogen reduction in Florida soils 
and groundwater. To accomplish this goal several objectives are identified. 

2.1.1 GCREC Site Conditions 
The GCREC facility is located at 14625 County Road 672, Wimauma, Florida. The facili-
ty is situated on 475 acres of land that were donated by Hillsborough County govern-
ment. A preliminary soils assessment conducted by the United States Department of 
Agriculture (USDA) Natural Resources Conservation Service (NRCS) identified the soils 
in the area to be used for this project as primarily Seffner fine sand and Zolfo fine sand, 
with a limited area of Myakka fine sand (Figure 2-1). The Zolfo fine sand in the northeas-
tern portion of the project area gradually transitions to Seffner find sand in the southwes-
tern portion of the project area. These soils are somewhat poorly to poorly drained and 
are typical of the Florida flatwoods land resource area. A well developed spodic horizon 
was identified between 54 and 58 inches in the northeastern portion of the project area.  
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Figure 2-1: GCREC Facility Soil Survey 
(NRCS, 2009) 

Project Area 

Existing Mound System 
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Selected key soil properties of the soils in the project area are summarized in Table 2.1. 
The Test Facility Site Evaluation with soils information is provided in Appendix A for ref-
erence. 

Table 2.1 
Selected Soil Properties of Soils Identified at the GCREC Facility1 

Soil Name Depth 
(in.) USDA Texture 

Moist Bulk 
Density 
(g/cm3) 

Organic 
Matter (%) 

Cation 
Exchange 
Capacity 

(meq/100g) 
Seffner fine sand 0-13 fine sand 1.35 – 1.45 0 – 2.9 1.2 – 7.6 
 13-21 fine sand, sand 1.35 – 1.45 0 – 2.9 0.7 – 5.6 
 21-80 fine sand, sand 1.50 – 1.60 0 – 2.9 0.7 – 5.6 
Zolfo fine sand 0-3 fine sand 1.35 – 1.55 0 – 2.9 1.0 – 3.8 
 3-60 fine sand, sand 1.30 – 1.60 0 – 2.9 0.8 – 3.6 
 60-80 fine sand, sand 1.50 – 1.70 0 – 2.9 -- 
Myakka fine sand 0-5 fine sand 1.35 – 1.45 0.5 – 2.0 -- 
 5-20 fine sand, sand 1.45 – 1.60 0 – 1.0 -- 
 20-30 fine sand, sand, 

loamy fine sand 
1.45 – 1.60 1.0 – 6.0 -- 

 30-80 fine sand, sand 1.45 – 1.70 0 – 0.8 -- 
1 Typical soil properties from “Soil Survey of Hillsborough County, FL”, NRCS 

Seasonal high water table indicators were found between 24 and 39 inches. Water level 
measurements were obtained from existing piezometers in the project area in March, 
June and July 2009. Based on these water level measurements depth to groundwater 
ranged from approximately 3 ft to 6 ft below ground surface. It should be noted that the 
6 ft depth to groundwater was measured in March 2009 after a three-year drought in the 
area. The regional groundwater gradient in the project area is from northeast to south-
west. 

Wastewater from the GCREC research offices and onsite dormitories flow to an existing 
OSTDS. Wastewater from Facility laboratories is not directed to the OSTDS. This exist-
ing OSTDS consists of a pressure dosed mound system designed for 2,850 gallons per 
day. Two septic tanks (2,500 and 1,250 gallons) provide primary treatment followed by a 
dosing tank (3,000 gallons). The mound drainfield has 4,351 ft2 of infiltrative area (design 
hydraulic loading rate of 0.65 gpd/ft2) with each half of the drainfield receiving alternating 
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doses. As part of this project, a flow meter will be installed to monitor the actual daily 
flow to the drainfield. 

2.1.2 Controlled Field Testing at GCREC Soil and Groundwater Test Facility 
Controlled pilot-scale testing will be conducted at the GCREC soil and groundwater test 
facility to characterize nitrogen fate and transport under a variety of typical operating 
conditions. Pilot-scale test areas will be established to monitor a range of operating con-
ditions and determine mechanisms critical for nitrogen reduction. The range of parame-
ters monitored and the frequency of data collection will be maximized to enable devel-
opment of simple tools (Task D). 

2.1.2.1 Test Area Design 
Test areas representative of typical mounded OSTDS will be established at the GCREC 
Soil and Groundwater Test Facility to enable controlled testing and evaluation of nitro-
gen reduction in soil and groundwater. Four test areas will be established receiving ei-
ther septic tank effluent (STE) or nitrified effluent delivered to the soil via a pressure 
dosed mound or a shallow drip dispersal system (Table 2.2). Effluent will be delivered to 
the soil at the maximum allowable rate for the sandy soils of 0.8 gpd/ft2. The combination 
of STE at the maximum hydraulic loading rate represents the highest allowable mass 
loading rate to the soil and is therefore expected to provide the most conservative nitro-
gen removal resulting in the highest expected concentrations of nitrogen reaching the 
groundwater. However, it is also recognized that many systems in Florida employ an 
aerobic treatment unit (ATU) which results in delivery of a nitrified effluent to the soil 
treatment unit (aka, drainfield). Delivery of both STE and nitrified effluent to the soil will 
enable comparison of the groundwater plumes and evaluation of the benefits (or lack of) 
of nitrogen transformation and/or reduction prior to groundwater recharge. These two 
effluents will be delivered to the soil via conventional pressure dosed mound systems or 
shallow subsurface drip dispersal systems (mounded as required to meet groundwater 
separation). The drip dispersal system is designed to optimize nitrogen removal through 
plant uptake and reduce the mobile nitrate-nitrogen fraction that recharges the ground-
water. A more detailed description of nitrogen uptake in drip dispersal systems can be 
found in Parzen (2007). 
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Table 2.2 
Study Design Conditions for Test Areas 

Test 
Area ID Effluent Quality Design HLR 

(gpd/ft2) Soil Treatment Unit Design 

TA1 STE 0.8 pressure dosed mound 
TA2 STE 0.8 shallow drip dispersal 
TA3 nitrified effluent 0.8 pressure dosed mound 
TA4 nitrified effluent 0.8 shallow drip dispersal 

TA5 in situ nitrified effluent  
(Task A) 

from  
PNRS II pilots 

mounded drip dispersal over 
denitrification media 

TA6 in situ STE effluent  
(Task A) 

from  
PNRS II pilots 

mounded drip dispersal over 
denitrification media 

STE will be pumped from the first GCREC septic tank to a holding tank near the test 
areas. Excess effluent will be returned to the existing GCREC mound to prevent effluent 
from discharging to the ground and to minimize the holding tank residence time. A por-
tion of the STE from this holding tank will be directed to an approved aerobic treatment 
unit (e.g., textile filter, single pass sand filter, or other) with the treated effluent held in a 
separate tank as the source of the nitrified effluent. The aerobic treatment unit will be 
operated in accordance to approved manufacturer specifications and allowed to begin 
nitrifying (10 to 30 days from start-up) prior to delivery to the soil. 

Test areas TA1 – TA4 will have an infiltrative surface of 40 ft2 (20 ft long and 2 ft wide) 
and receive effluent in 6 equal doses of 5.33 gallons/dose each day. Equal distribution of 
effluent to the soil will enable replicate monitoring locations along the length of each test 
area. Orifice controlled pressure distribution, with orifices located at 1 ft intervals, will be 
used to deliver the effluent to the mound test areas. This delivery approach will ensure 
that effluent is equally distributed along the length of the mound. Effluent will be deli-
vered via commercial pressure tubing with pressure compensating emitters located at 1 
ft intervals in the drip dispersal systems.  

Mound test areas will be constructed using two rows of orifice controlled pressure distri-
bution piping placed 1 ft apart in the center of a 20 ft long, 2 ft wide, and 1 ft thick gravel 
(mineral aggregate meeting requirements of 64E-6.014(5)(C)) infiltrative surface. One ft 
of mound or filter sand will underlie the gravel and be placed on the ground surface, pro-
viding at least 2 ft of unsaturated separation during high water tables and 3 or more ft of 
unsaturated separation during low water tables. Native soil will be placed over the gravel 
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with vegetation to minimize erosion. Sides of the mound will be graded to a slope of 2:1 
(horizontal:vertical). Additional detail is illustrated on the 100% Test Facility Design 
drawings provided in Appendix B for reference.  

Drip dispersal test areas will be constructed in 1.5 ft of mound or filter sand placed on 
the ground surface, again providing at least 2 ft of unsaturated separation during high 
water tables and 3 or more ft of unsaturated separation during low water tables. Two 
rows of commercially available drip tubing will be placed 4 to 6 inches deep and 1 ft 
apart. Turf grass will be placed on the drip dispersal area to replicate a typical residential 
installation. Additional detail is illustrated on the 100% Test Facility Design drawings 
provided in Appendix B for reference. 

Test areas will be separated by 20 to 30 ft to minimize potential plume interactions be-
tween each test area. In addition, prior to test area construction, vertical and horizontal 
groundwater gradients will be determined. Test areas will be oriented with the 20 ft di-
mension in line with the horizontal gradient to further minimize potential plume interac-
tions and enable groundwater plume characterization with fewer monitoring points. 

2.1.2.2 Monitoring Framework Soil and Groundwater Test Facility 
Each test area will be monitored for operational conditions, unsaturated and saturated 
nitrogen concentrations, soil properties, groundwater properties, and weather conditions.  

Operational conditions include effluent quality, hydraulic loading rate to the soil, and 
ponding on the soil infiltrative surface. The STE and nitrified effluent quality will be moni-
tored weekly for the first month and then bi-monthly for the duration of testing. Due to the 
multiple wastewater sources to the septic tank, the STE quality is expected to be rela-
tively consistent (compared to typical single family residential homes). The sampling fre-
quency will be further reduced, if indeed the effluent quality is consistent, but the fre-
quency will remain sufficient to estimate nitrogen mass loading rates to the soil. Effluent 
samples will be analyzed for temperature, specific conductance, pH, dissolved oxygen 
(DO), total kjeldahl nitrogen (TKN), nitrate-nitrogen plus nitrite-nitrogen (NOx), ammo-
nium-nitrogen, and chloride. In addition, half of the samples will also be analyzed for pH, 
alkalinity, 5-day carbonaceous biochemical oxygen demand (cBOD5), total phosphorus, 
total solids (TS), total suspended solids (TSS), fecal coliform and E.coli. Up to 10% of 
the samples will also be analyzed for anions and cations. Anions will include bromide, 
chloride, fluoride, nitrate, nitrite, ortho-phosphate, and sulfate. Cations will include alumi-
num, antimony, arsenic, barium, beryllium, boron, cadmium, calcium, chromium, cobalt, 
copper, iron, lead, lithium, magnesium, manganese, molybdenum, nickel, potassium, 
selenium, silica, silver, sodium, strontium, thallium, vanadium, and zinc (standard list of 
metals detected by the same method). Sample collection, handling and analysis me-
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thods will be in accordance with Florida Department of Environmental Protection (FDEP) 
standard operating procedures (SOPs) and are discussed in Section 3.0. The hydraulic 
loading rate to the soil will be monitored by recording the delivery pump cycles and with 
a flow meter for each test area. Should ponding develop within the gravel of the mound 
test areas, the ponding height will be recorded with water level indicators (+/- 1/32 in. 
ponding) and visual observations. 

The center of test areas TA1 – TA4 will be equipped with unsaturated and shallow satu-
rated zone monitoring instrumentation. Up to two sets of such monitoring equipment will 
be placed in each of the four test areas. This instrumentation will include suction lysime-
ters, soil moisture probes, and tensiometers. Suction lysimeters, soil moisture probes, 
and tensiometers will be located at various depths below the bottom of the gravel or be-
low the drip emitter. During installation, the depth intervals will be determined to capture 
the transition between soil layers (e.g., spodic horizon noted in Soil Survey) and the ca-
pillary zone of the low water table. At least four soil moisture probe depth intervals will be 
located in the unsaturated zone to ensure adequate parameter estimation during inverse 
modeling (Ritter et al. 2004). Installation methods are discussed in Section 3.0. Figure 2-
2 provides general schematics illustrating the locations of the unsaturated zone instru-
mentation. 

 
 

 

Figure 2-2: General Schematic of Unsaturated 
Zone Monitoring Framework at the GCREC 
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It is anticipated that suction lysimeter samples will be collected at 1, 3, 5, 7, 9, and 11 
months after effluent delivery. All unsaturated zone solution samples will be analyzed for 
temperature, pH, specific conductance, DO, TKN, NOx, ammonium-nitrogen, and chlo-
ride. In addition, half of the samples will also be analyzed for alkalinity, chemical oxygen 
demand (COD), and total phosphorus. COD is a measure of the oxygen equivalent of 
the organic matter content that is susceptible to oxidation by a strong chemical oxidant 
and can be empirically related to cBOD5. Because cBOD5 is expected to be at very low 
concentrations in soil moisture and groundwater samples and is time consuming to 
measure, COD will be analyzed instead of cBOD5. Separate analysis of nitrate and nitrite 
(or NOx – nitrate) will be conducted to determine if incomplete nitrification or denitrifica-
tion are occurring. If nitrite concentrations are below detection limits or low (+10% of de-
tection limit), then the combined sample analysis will be terminated. Up to 10% of the 
samples will also be analyzed for dissolved organic carbon (DOC), anions, and cations. 
Note the 0.2 micron nominal pore size of the suction lysimeter precludes total organic 
carbon (TOC), solids, and microorganism sample analyses. Sample handling and analy-
sis methods will be in accordance with FDEP SOPs and are discussed in Section 3.0. 
Sample frequency may be increased or decreased to capture seasonal trends and/or 
changes in system performance as the biozone is developed. Previous work at CSM 
with suction lysimeter sampling suggests changes in treatment performance within a ma-
ture soil treatment unit are adequately captured with samples collected at intervals up to 
2 to 3 months (Tillotson, 2009). In addition, samples collected daily over 2 weeks 
showed relative percent difference (RPD) in soil pore water concentrations of only 13% 
for ammonium, 11% for nitrate, and 10% for chloride. Rather than discrete time intervals, 
it is more important to capture changes in operating conditions (e.g., start-up vs. mature 
system) and seasonal changes (rainy season vs. dry season, hot periods vs. cool pe-
riods, etc.). Soil moisture content will be collected at least hourly through an automated 
data logging system. During selected intervals, soil moisture content may be collected 
every minute to provide high resolution data for short time periods such as capturing ef-
fluent movement between doses. Soil tension will be measured at selected time periods 
to obtain sufficient data resolution to correlate with soil moisture measurements and for 
parameter estimation during Task D. 

Saturated zone monitoring will include groundwater quality, depth of groundwater table, 
and gradient (i.e., water level). Groundwater will be monitored through two types of pie-
zometers: small diameter standpipe piezometers and drive point piezometers (Figure 2-
3). Standpipe piezometers are 0.75 to 1.0 inch diameter wells for groundwater sampling, 
water levels, and hydraulic testing (e.g., pump tests, slug tests, etc.). Drive point piezo-
meters are stainless steel drive points attach to polyethylene tubing and will be used to 
locate and define groundwater plumes and enable collection of groundwater samples. 
Installation methods are described in Section 3.0. Initially up to 12 drive point piezome-
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ters will be installed along 2 or 3 transects perpendicular to groundwater flow. Seven or 
more multi-level piezometers will be installed within the project area (encompassing all 
four test areas) to monitor vertical gradients, horizontal gradients, and nitrogen flux. One 
standpipe piezometer will be located at the center of the test area adjacent to the unsa-
turated zone instrumentation. Two additional standpipe piezometers and up to 6 addi-
tional drive point piezometers will be installed down gradient of the test area as the 
plume develops through the duration of this study. These downgradient piezometers will 
be located as the groundwater plume expands (or contracts) and additional hydrogeo-
logic information is required. 

 

 

 

 

 

 

 

 

 

Figure 2-3: Illustration of Standpipe and Drive Point Piezometers 

Water level measurements will be taken from all piezometers monthly. Initially, specific 
conductance, NOx, and chloride will be monitored monthly, at a minimum, to identify de-
velopment of a groundwater plume from each test area. After development of a ground-
water plume, groundwater samples will be collected at the same frequency and for the 
same analytes as the soil suction lysimeter samples described above. In addition, all 
groundwater samples will be analyzed for specific conductance, DO, and chloride. The 
location of the groundwater samples will be based on groundwater quality field screening 
(specific conductance). Sufficient groundwater samples will be collected to delineate the 
groundwater plume (horizontal and vertical) and determine denitrification rates. 
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2.1.2.3 Tracer Testing at Soil and Groundwater Test Facility 
Tracer tests will be conducted at two time points during test area operation; prior to ef-
fluent delivery and after six months or more of effluent delivery. Bromide (Br-) will be 
used as a conservative tracer (added to clean water or effluent as potassium bromide) 
representative of the water movement through soil, although some diffusion from mobile 
to immobile water may occur. The first tracer test, prior to effluent delivery to the test 
areas, will enable characterization of the background groundwater velocity and dilution. 
A second test may be conducted after a groundwater plume has been defined and ena-
ble comparison of the subsurface changes attributed to effluent delivery. During this 
second tracer test, a nitrogen isotope tracer (15N ammonium chloride) may be added to 
assess concentration, movement and species partitioning of nitrogen in the effluent deli-
vered to the soil. If tracer testing with a conservative tracer (e.g., bromide) is conducted 
within a groundwater plume, the appropriateness of the tracer will be evaluated (e.g., 
tracer residence time in the subsurface combined with the interference caused with ni-
trate-nitrogen and DOC analyses).  Tracer test methods are described in Section 3.0. 

2.1.3 Field Monitoring at GCREC Mound System 
Field monitoring will be conducted at field sites in Florida to evaluate current nitrogen 
reduction in soil and groundwater, to assess groundwater impacts due to conventional 
and nitrogen removal systems, and to provide data for parameter estimation, and verifi-
cation and validation of models developed in Task D. Field monitoring will be conducted 
in subsequent phases of this project and are dependent on continued funding. However, 
the existing mound OSTDS at the GCREC will be monitored during this first phase allow-
ing for methodology refinement for future field site monitoring. Monitoring at the GCREC 
mound will also serve as a bridge between the controlled pilot-scale testing (Section 
2.1.2) conducted within the same type of soils and the home sites in different soils, but 
monitored at a lower frequency. 

2.1.3.1 Monitoring Framework at GCREC Mound System 
The existing OSTDS at the GCREC provides a unique opportunity to combine controlled 
field testing with uncontrolled home site monitoring. Methods for field monitoring and re-
finement of the overall monitoring framework will be conducted here to enable develop-
ment of the simple groundwater model in Task D and streamline future data collection at 
home sites. The following framework is specific to the existing OSTDS at the GCREC. 
Field monitoring at home sites will be patterned on the same framework with revisions to 
sample locations and frequency based on the findings at the GCREC mound as well as 
the controlled pilot-scale testing (Section 2.1.2). 
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Field monitoring will follow 5 general steps as summarized in Table 2.3. First, the plume 
extent and location will be determined. Second, based on the delineation of the plume, 
the site will be instrumented with drive point and standpipe piezometers. Next the aquifer 
will be characterized to determine the groundwater gradient, hydraulic conductivity, and 
velocity. Following aquifer characterization, routine monitoring will be conducted for at 
least 12 months. Finally, based on each data collection event, the need for additional 
information and instrumentation will be assessed. Unsaturated zone monitoring will not 
be conducted. Additional data will be collected as needed to refine the evaluation of ni-
trogen reduction from OSTDS (e.g., higher resolution of data collection for a short period 
of time to capture key conditions). Methods for field activities and laboratory analyses 
during each step are described in Section 3.0. 

Table 2.3 
Summary of Field Monitoring Framework at GCREC Mound 

Step Purpose Approach Data to be Collected 
1 Plume identification sampling grid for groundwa-

ter screening 
in-field measurements of 
groundwater specific conduc-
tance 

2 Instrumentation install multi-level drive point 
piezometers and shallow 
standpipe piezometers 

soil properties determined from 
soil borings during standpipe 
piezometer installation 

3 Aquifer characteriza-
tion 

conduct pump test and slug 
tests on standpipe piezome-
ters 

hydraulic gradient, saturated 
hydraulic conductivity 

  baseline tracer test using a 
conservative tracer 

establish groundwater velocity, 
dispersivity coefficients, and 
groundwater dilution 

4 Routine monitoring effluent quality, groundwater 
concentrations, water levels, 
climatic conditions 

water quality parameters as 
necessary to determine nitro-
gen reduction 

5 Additional instrumen-
tation, testing, and/or 
monitoring 

as warranted refine plume delineation, deni-
trification rates, aquifer proper-
ties, etc. 

 

Initially a grid will be established downgradient of the soil treatment unit. A 25 ft by 25 ft 
grid will be marked. Hand held methods (e.g., slide hammer, hand auger) will place a 
drive point connected to flexible tubing in the subsurface. The specific conductance of 
the groundwater at that location will be measured and recorded. The drive point will be 
advanced to additional depths, as feasible, to obtain a vertical conductivity profile at that 
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location. Based on the groundwater specific conductivity, the general plume location and 
extent will be determined. 

After the groundwater plume has been identified, drive point and standpipe piezometers 
will be installed. Up to 20 multi-level (up to 5 depths) drive point piezometers will be in-
stalled based on the extent of the plume. This network of drive point piezometers will 
enable vertical and horizontal monitoring of nitrogen in groundwater. At a minimum, the 
depth intervals of the drive point piezometers will include the groundwater surface, any 
key lithology changes, and above the confining layer. Four standpipe piezometers will 
also be installed: one upgradient of the plume and three within the plume downgradient 
of the soil treatment unit. These standpipe piezometers will enable aquifer characteriza-
tion of the gradient and saturated hydraulic conductivity. Soil samples will be collected 
from the soil borings during standpipe installation to determine general soil properties 
(lithology, soil features, organic matter content, grain size, etc.). An installation report 
describing the monitoring system installed will be provided. 

Next the aquifer will be characterized through a pump test and slug tests to determine 
the saturated hydraulic conductivity and variability within the plume. A conservative trac-
er test will be conducted to determine groundwater velocity and the affect of aquifer dilu-
tion. If tracer testing with a conservative tracer (e.g., bromide) is conducted within the 
groundwater plume, the appropriateness of the tracer will be evaluated (e.g., tracer resi-
dence time in the subsurface combined with the interference caused with nitrate-nitrogen 
and DOC analyses). 

Routine groundwater and effluent quality monitoring will be conducted at least four times 
(i.e., seasonally) to capture the range of likely climatic conditions. Groundwater and ef-
fluent samples will be analyzed for temperature, pH, specific conductance, DO, TKN, 
NOx, ammonium-nitrogen, and chloride. Effluent samples will also be analyzed for TS 
and TSS. In addition, half of the samples will also be analyzed for alkalinity, cBOD5 or 
COD, total phosphorus, fecal coliform and E.coli. Up to 10% of the samples will also be 
analyzed for anions and cations. Sample collection, handling and analysis methods will 
be in accordance with FDEP SOPs and are discussed in Section 3.0. Higher frequency 
sample collection and additional sample analysis as needed for model development, ca-
libration, and validation may be conducted. Sufficient groundwater samples will be col-
lected to delineate the groundwater plume (horizontal and vertical) and determine deni-
trification rates. A monitoring report describing each monitoring event will be provided 
(see Section 3.4.3). 

Finally, based on the field monitoring results, additional testing and/or instrumentation 
may be required. Additional testing and monitoring will be conducted as needed to en-
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sure the data quality objectives (DQOs) are met or it is determined that the required data 
collection is not feasible (Section 3.1). 

2.2 Description of Activities at Field Sites 
Field monitoring will be conducted at residential home sites in Florida to evaluate current 
nitrogen reduction in soil and groundwater, to assess groundwater impacts due to con-
ventional and nitrogen removal systems, and to provide data for parameter estimation, 
and verification and validation of models developed in Task D. Field monitoring will be 
conducted in subsequent phases of this project and are dependent on continued fund-
ing.  

2.2.1 Site Selection 
Up to 8 additional field sites from three geographical regions (north, central, and south 
Florida) will be selected for inclusion in this study. Five of these additional field sites will 
be monitored. The remaining sites will enable quick replacement of a home site if it is 
subsequently deemed inappropriate after monitoring has begun (i.e., unplanned ex-
tended absence of the homeowner, homeowner withdraws, etc.). A minimum of one 
home site will be monitored in each region. 

The three geographical regions have been selected to encompass a range of soil condi-
tions representative of Florida. Home sites located in Wakulla County will serve as rep-
resentative homes of northern Florida. Wakulla County covers approximately 607 square 
miles and is predominantly rural (~51 people per square mile). Home sites in Wakulla 
County are currently being monitored by project team members (Water Research Con-
sulting, LLC) to assess nitrogen in groundwater from performance-based treatment sys-
tems. Selected locations within the soil treatment unit have been monitored, but the full 
extent of the groundwater plume has not been delineated. Leveraging monitoring at 
these sites will provide historical information beneficial to understanding longer-term be-
havior and performance. For central Florida, home sites will be located in the Wekiva 
Study Area, and for southern Florida, home sites will be located near the Gulf Coast in 
Charlotte County. The Wekiva Study Area covers approximately 300,000 acres within 
Seminole, Lake and Orange Counties, and is the subject of considerable recent study 
and proposed nitrogen reduction regulations pertaining to OSTDS. Home sites in the 
Wekiva Study Area have also been previously monitored by project team members 
(Mechling Engineering & Consultants, Inc.) to assess fate and transport of nitrogen in 
highly vulnerable aquifers. Leveraging monitoring at these sites will build off of a large 
existing knowledge base and again provide understanding of longer-term behavior and 
performance. Charlotte County covers approximately 694 square miles and is predomi-
nantly urban in the eastern portions of the county and rural in the western portions (~216 
people per square mile). FDOH permit information will be gathered for each candidate 
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site and an existing system evaluation according to the procedure outlined in 64E-6 
F.A.C. will be conducted at the selected sites. If suitable home sites with willing home 
owners cannot be identified in these locations, the search for sites will be broadened to 
include additional Counties.  

Factors that will be considered during site selection will encompass a range of conditions 
affecting nitrogen mass loading to the soil and resulting groundwater concentrations. It is 
not the intent of this study to monitor older OSTDS which do not meet recent or current 
code requirements. Rather, only approved and permitted sites will be considered ranging 
in system age from 5 to 10 years old. To enable comparison of the findings with the con-
trolled testing at GCREC, one conventional OSTDS (i.e., STE) and one approved ATU 
or nitrogen reducing OSTDS (i.e., nitrified effluent) will be monitored in each geographic 
location. Key factors to be considered also include homeowner amenability, site access, 
occupancy, and daily household flow. Homeowner amenability is critical. Field monitor-
ing will include installation of numerous instruments which the homeowner must be com-
fortable with. After potential candidate sites are selected based on FDOH permit review, 
project team members will meet with prospective homeowners to discuss the project 
goals and scope. An agreement will be established with the homeowner if identified for 
inclusion in this study. Site access is also a critical factor. Only sites with readily access-
ible OSTDS will be selected (no landscape interferences, nearby power and clean wa-
ter). Candidate sites will have two or more occupants residing in the home year round. 
To the extent possible, home sites with daily household flow within typical ranges (e.g., 
50 – 70 gallons per capita per day) will be selected. After selection, each home site will 
be equipped with a flow meter. Should daily household flow rates be significantly outside 
the typical range, the site will be removed from the study and an alternate site included. 
While numerous subtleties exist between individual OWS, monitoring these key condi-
tions and factors will enable comparison of sites between the three geographical regions 
and determination of the relative impact of mass loading and nitrogen reduction based 
on hydraulic loading rate, effluent quality, and season. 

2.2.2 Monitoring Framework at Field Sites 
Field monitoring at field sites will be patterned on the same framework as the GCREC 
mound system with revisions to sample locations and frequency based on the findings at 
the GCREC mound as well as the controlled pilot-scale testing (Section 2.1.2). 

Field monitoring will follow 5 general steps as summarized in Table 2.4. First, the plume 
extent and location will be determined. Second, based on the delineation of the plume, 
the site will be instrumented with drive point and standpipe piezometers. Next the aquifer 
will be characterized to determine the groundwater gradient, hydraulic conductivity, and 
velocity. Following aquifer characterization, routine monitoring will be conducted for at 
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least 12 months. Finally, based on each data collection event, the need for additional 
information and instrumentation will be assessed. Unsaturated zone monitoring will not 
be conducted at the home sites. Additional data will be collected as needed to refine the 
evaluation of nitrogen reduction from OSTDS (e.g., higher resolution of data collection 
for a short period of time to capture key conditions). Methods for field activities and la-
boratory analyses during each step are described in Section 3.0. 

 
Table 2.4 

Summary of Field Monitoring Framework at Field Sites 
Step Purpose Approach Data to be Collected 

1 Plume identification sampling grid for groundwa-
ter screening 

in-field measurements of 
groundwater specific conduc-

tance 
2 Instrumentation install multi-level drive point 

piezometers and shallow 
standpipe piezometers 

soil properties determined from 
soil borings during standpipe 

piezometer installation 
3 Aquifer characteriza-

tion 
conduct pump test and slug 
tests on standpipe piezome-

ters 

hydraulic gradient, saturated 
hydraulic conductivity 

  baseline tracer test using a 
conservative tracer 

establish groundwater velocity, 
dispersivity coefficients, and 

groundwater dilution 
4 Routine monitoring effluent quality, groundwater 

concentrations, water levels, 
climatic conditions 

water quality parameters as 
necessary to determine nitro-

gen reduction 
5 Additional instrumen-

tation, testing, and/or 
monitoring 

as warranted refine plume delineation, deni-
trification rates, aquifer proper-

ties, etc. 

Initially a grid will be established downgradient of the soil treatment unit. A 10 ft by 10 ft 
grid will be marked as appropriate. Hand held methods (e.g., slide hammer, hand auger) 
will place a drive point connected to flexible tubing in the subsurface. The specific con-
ductance of the groundwater at that location will be measured and recorded. The drive 
point will be advanced to additional depths, as feasible, to obtain a vertical conductivity 
profile at that location. Based on the groundwater specific conductivity, the general 
plume location and extent will be determined. 

After the groundwater plume has been identified, drive point and standpipe piezometers 
will be installed. Up to 10 multi-level (up to 3 depths) drive point piezometers will be in-
stalled based on the extent of the plume. This network of drive point piezometers will 
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enable vertical and horizontal monitoring of nitrogen in groundwater. At a minimum, the 
depth intervals of the drive point piezometers will include the groundwater surface, any 
key lithology changes, and above the confining layer. Three standpipe piezometers will 
also be installed: one upgradient of the plume and two within the plume downgradient of 
the soil treatment unit. These standpipe piezometers will enable aquifer characterization 
of the gradient and saturated hydraulic conductivity. Soil samples will be collected from 
the soil borings during standpipe installation to determine general soil properties (litholo-
gy, soil features, organic matter content, grain size, etc.). An installation report describ-
ing the monitoring system installed will be provided for each home site (Deliverable C.7). 

Next the aquifer will be characterized through a pump test and slug tests to determine 
the saturated hydraulic conductivity and variability within the plume. A conservative trac-
er test will be conducted to determine groundwater velocity and the affect of aquifer dilu-
tion. If tracer testing with a conservative tracer (e.g., bromide) is conducted within a 
groundwater plume, the appropriateness of the tracer will be evaluated (e.g., tracer resi-
dence time in the subsurface combined with the interference caused with nitrate-nitrogen 
and DOC analyses). 

Routine groundwater and effluent quality monitoring will be conducted at least four times 
(i.e., seasonally) to capture the range of likely climatic conditions. Groundwater and ef-
fluent samples will be analyzed for temperature, pH, specific conductance, DO, TKN, 
NOx, ammonium-nitrogen, and chloride. Effluent samples will also be analyzed for TS 
and TSS. In addition, half of the samples will also be analyzed for alkalinity, cBOD5 or 
COD, total phosphorus, fecal coliform and E.coli. Up to 10% of the samples will also be 
analyzed for anions and cations. Sample collection, handling and analysis methods will 
be in accordance with FDEP SOPs and are discussed in Section 3.0. Higher frequency 
sample collection and additional sample analysis as needed for model development, ca-
libration, and validation may be conducted based on the results from the GCREC 
OSTDS monitoring. Sufficient groundwater samples will be collected to delineate the 
groundwater plume (horizontal and vertical) and determine denitrification rates. A moni-
toring report describing the each monitoring event will be provided for each home site 
(see Section 3.4.3). 

Finally, based on the field monitoring results, additional testing and/or instrumentation 
may be required. Additional testing and monitoring will be conducted as needed to en-
sure the data quality objectives (DQOs) are met or it is determined that the required data 
collection is not feasible (Section 3.1). 
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2.3 Performance Assessment 
The performance assessment of Task C will be evaluated by the acquisition of sufficient 
data to: 

● delineate nitrogen reduction in the soil and groundwater at the selected sites, and 
● calibrate and validate the simple model developed in Task D. 

Successful completion of the first measure listed above will enable determination of the 
cumulative mass loading of N to the soil and groundwater, identify how currently de-
signed and implemented OSTDS perform, and provide understanding of treatment 
processes occurring with OSTDS. The second measure will enable development of a 
simple, yet robust, model for nitrogen fate and transport in Florida subsurface environ-
ments in Task D. The combination of these two measures will provide an understanding 
of how Florida OSTDS perform and a user-friendly tool to predict nitrogen concentration 
at specified location downgradient of an OSTDS or the nitrogen loading / mass flux at a 
specified location. 

2.4 Contingency Measures 
The observational method for technical decision making will be employed during con-
trolled field testing and field monitoring. This method is a continuous, integrated, process 
of design, monitoring, and review that enables modifications to be incorporated into the 
field monitoring framework as appropriate. The observational method provides for initial 
design based on the most probable conditions rather than the most unfavorable. The 
gaps in the available information are then filled by observations (e.g., nitrogen concen-
trations, subsurface soil layers, daily flow rates, etc.) which aid in the assessment of the 
groundwater by modifying the monitoring framework based on these findings.  

This approach enables decisions in the field and can be described as a “learn as you go” 
method. For example, the observational method enables locating groundwater piezome-
ters based on field screening of groundwater specific conductance rather than at pre-
selected locations that may not capture the highest nitrogen concentrations (critical for 
being able to determine the denitrification rate and nitrogen fate and transport). Coupled 
with the observational method for this study are identification of additional home sites, in-
field screening approaches, frequent data review and assessment, and flexibility in the 
number and location of sampling points as well as frequency of sample collection. This 
initial monitoring framework described herein and observational method will be consis-
tent with the Task C DQOs (Section 3.1). It is important to note that while the actual 
number of monitoring points or samples collected are expected to vary, significant 
changes to the approach and type of data to be collected will not occur (e.g., plume de-
lineation will occur at each site, groundwater cations and anions will be analyzed at each 
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site, but potentially at a higher frequency at some sites if warranted, etc.). Specifically, 
the observational method does not allow a task to stop unless the DQOs have been sa-
tisfied or an alternative has been identified when the proposed task cannot meet the 
DQOs. 

During Task C, corrective actions may be required for two types of problems:  analytical 
or equipment problems and nonconformance problems. Analytical or equipment prob-
lems may occur during sampling, sample handling, sample preparation, field measure-
ments, laboratory analysis, and data review. Nonconformance problems may develop at 
any time during these activities and are often discovered during data review. Analytical 
laboratory contingency measures are discussed in Section 3.3. 

Members of the field team will monitor ongoing work performance as a normal part of 
their daily responsibilities. All project personnel will promptly identify, report, and solicit 
approved correction for conditions adverse to quality. All findings and actions concerning 
equipment problems and nonconformance problems will be documented in field or office 
logbooks. 

Equipment problems or nonconformance problems should be reported to the Hazen and 
Sawyer project manager. The field team will then document the condition, its cause, any 
other related information, and the proposed corrective action. The field team will imple-
ment the corrective actions and document them in the field logbook. If appropriate, the 
field team will ensure that no additional work that is dependent on the nonconforming 
activity is performed until the corrective actions are completed. 

Examples of corrective actions for field measurements include: 

● Repeat the measurement to check the error; 

● Check for all proper adjustments for ambient conditions, such as temperature; 

● Check instrument batteries; 

● Recalibrate instrument or device; and 

● Replace the instrument or measurement device. 
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Section 3.0 
Quality Assurance and Quality Control 

3.1 Data Quality Objectives (DQOs) 
The general quality assurance (QA) objective for Task C is to ensure that the field data 
collected are of known and acceptable quality. When available, FDEP SOPs will be used 
for conducting field sampling to ensure that representative data will be collected (FDEP-
SOP-001/01, FDEP-QA-002/02). Specific DQOs for Task C are to: 

● ensure that the home sites selected for monitoring are sufficiently characterized 
to be representative of the target waste stream and of properly installed OSTDS 
in Florida; 

● ensure that the groundwater contamination by nitrogen is defined and the nitro-
gen reduction that is occurring is quantified at the home sites and the controlled 
field test site; 

● ensure that soil, soil pore water, and groundwater samples are of sufficient quali-
ty to assess the presence and concentration of nitrogen (TKN, ammonium-
nitrogen, nitrate-nitrogen), pH, alkalinity, carbon (TOC/DOC, cBOD5, COD), and 
fecal coliform bacteria; 

● ensure sufficient sample resolution to assess the variability within home sites and 
at the controlled field test site; and 

● ensure sufficient sample resolution to determine model input parameters required 
for Task D model calibration and verification for assessment of nitrogen removal. 

Of key importance is to define the groundwater concentrations and areal extent of con-
tamination. This data will enable development of model input parameters as well as field 
calibration and verification of the simple model developed in Task D. Ultimately the data 
collected during Task C will be used to make decisions on the behavior of groundwater 
plumes and the mechanisms contributing to nitrogen reduction (e.g., dilution, denitrifica-
tion, aerobic treatment prior to soil dispersal). While some uncertainty in the groundwater 
concentrations is expected, sufficient sampling locations are required to define the 
groundwater plume (both vertical and horizontal extent) such that factors affecting nitro-
gen reduction can be assessed. For example, to determine nitrogen reduction (C/Co), 
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the maximum groundwater concentration is essential to determine the maximum reduc-
tion. 

Data quality indicators will be used to collectively define the quality of the submitted da-
ta. These indicators include both qualitative and the quantitative quality control (QC) 
measures. Task C activities that affect data quality include the sampling design (Section 
2, Appendix B), field collection methods (Section 3.2), laboratory analysis (Section 3.3), 
and data analysis (Section 3.4). The specific methods and quantitative data QA meas-
ures (e.g., accuracy, precision, completeness and detection limit) are described in the 
following sections.  In addition, specific qualitative control measures to be used both field 
and the laboratory are also described (e.g., data type, frequency of use, handling of 
failed QC measures). 

3.2. Field Activities 
The Task C sampling framework and methodology were described in Section 2. The fol-
lowing descriptions pertain to the field methods to be used. Laboratory activities are de-
scribed in Section 3.3. 

3.2.1 Sample Methods 
To preserve the sample integrity, proper sample handling procedures will be employed 
from the time of sample collection in the field through sample analysis. Table 3.1 lists the 
FDEP SOPs that are pertinent to Task C. The SOPs will be kept on site and will be used 
by field personnel performing field work for the project. 
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Table 3.1 
List of FDEP SOPs (FDEP-SOP-001/01) for Task C 

SOP Description 
FC 1000   Cleaning / Decontamination Procedures 
FD 1000   Documentation Procedures 
FQ 1000   Field Quality Control Requirements 
FS 1000   General Sampling Procedures 
FS 2200   Groundwater Sampling 
FS 2400   Wastewater Sampling 
FS 3000   Soil 
FT 1000   General Field Testing and Measurement 
FT 1100   Field Measurement of pH 
FT 1200   Field Measurement of Specific Conductance 
FT 1400   Field Measurement of Temperature 
FT 1500   Field Measurement of Dissolved Oxygen 
FT 1900   Field Continuous Monitoring 
FT 2000   Residual Chlorine 

3.2.1.1 Sample Collection 
As described in Section 2, several different types of samples will be collected in Task C 
including effluent samples, soil samples, groundwater samples, and soil pore moisture 
samples (see Section 3.2.3 for soil pore moisture samples). In addition, routine monitor-
ing will include several field measurements including pH, temperature, specific conduc-
tance, oxidation-reduction potential (Eh), dissolved oxygen (DO), soil moisture content, 
and soil tension. Finally operating conditions and weather conditions will be monitored 
and recorded. Sampling methods will be in accordance with FDEP-SOPs (FS 1000). The 
sample collection methods and field measurement methods are described below and are 
summarized in Tables 3.2 and 3.3. Associated QC samples are summarized in Section 
3.2.1.4. 
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Table 3.2 
Summary of Sample Collection 

Type of 
Sample Analysis Frequencya 

Sample 
Collection 

Method 
Controlled GCREC Soil and Groundwater Test Facility  

Effluent 

TKN, nitrate-nitrogen, 
ammonium-nitrogen 

weekly during the first month 
of operation, then bimonthly 

peristaltic pump 
grab sample 

pH, alkalinity, cBOD5, 
total phosphorus, total 
solids, total suspended 
solids, fecal coliform 
and E.coli 

50% of the samples  

anions and cations 10% of the samples 
TKN, nitrate-nitrogen, 
ammonium-nitrogen, 
pH, alkalinity, cBOD5 

to be determined depth specific 
grab sample 

Soil 
lithology, soil features, 
organic matter content, 
grain size 

Soil samples taken with depth 
at location of standpipe pie-
zometers 

direct push soil 
core  

Groundwater 

nitrate-nitrogen 
monthly at drive point piezo-
meter locations until plume is 
established 

low flow 
peristaltic pump 
grab sample 

TKN, nitrate-nitrogen, 
ammonium-nitrogen 

every 2 months at drive point 
piezometer locations after 
plume is established 

pH, alkalinity, COD, 
total phosphorus 50% of the samples  

anions and cations 10% of the samples 

Soil moisture 

TKN, nitrate-nitrogen, 
ammonium-nitrogen 

1, 3, 5, 7, 9, and 11 months 
after effluent delivery 

in situ suction 
lysimeter 

pH, alkalinity, COD, 
total phosphorus 50% of the samples  

anions and cations 10% of the samples 
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Table 3.2 continued 
Summary of Sample Collection 

Type of 
Sample Analysis Frequencya 

Sample 
Collection 

Method 
GCREC Mound and Field Sitesb 

Effluent 

TKN, nitrate-nitrogen, 
ammonium-nitrogen four times 

peristaltic pump 
grab sample 

pH, alkalinity, cBOD5, 
total phosphorus, total 
solids, total suspended 
solids, fecal coliform 
and E.coli 

50% of the samples  

anions and cations 10% of the samples 

Soil 
lithology, soil features, 
organic matter content, 
grain size 

Soil samples taken with depth 
at location of standpipe pie-
zometers 

direct push soil 
core 

Groundwater 

water level monthly water level indi-
cator 

TKN, nitrate-nitrogen, 
ammonium-nitrogen, four times 

low flow peristal-
tic pump grab 
sample 

pH, alkalinity, COD, 
total phosphorus, fecal 
coliform and E.coli 

50% of the samples  

anions and cations 10% of the samples 
see Tables 3.5 and 3.6 for analysis methods, detection limits, preservation, and holding times. 
a The number, location, and frequency of sample collection will be based on the observational me-

thod (in-field screening approaches, frequent data review and assessment). 
b Sample locations and frequency based on the findings at the existing GCREC OSTDS. 
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Table 3.3 
Summary of Field Measurements 

Type of 
Measurement Measurement Frequencya Field Method 

Controlled GCREC Soil and Groundwater Test Facility  

Operational 
Conditions 

HLR 
weekly 

flow meter 
ponding visual observation 

Weather 
Conditions 

temperature, precipita-
tion, barometric pres-
sure, wind speed, rela-
tive humidity, ET 

at least weekly and during rain 
events (data recorded every 
minute) 

field weather 
station 

Effluent 
temperature, specific 
conductance, pH, Eh, 
DO, and chloride 

weekly during the first month 
of operation, then bimonthly 

flow through test 
cell, ISE 

Groundwater 

specific conductance and 
chloride 

monthly until plume is estab-
lished 

flow through test 
cell, ISE 

specific conductance, 
Eh, DO, and chloride 

every 2 months after the 
plume is established 

flow through test 
cell, ISE 

Soil moisture 

purge and sample vo-
lumes 

1, 3, 5, 7, 9, and 11 months 
after effluent delivery 

graduated cylinder 
or flask 

temperature, specific 
conductance, pH, Eh, 
DO, and chloride 

flow through test 
cell 

soil moisture content  hourly 
in situ probes with 
automated data 
logger  

soil tension to be determined in situ tensiometers
GCREC Mound and Field Sitesb 

Operational HLR, ponding every visit (4 times) flow meter and 
visual observation 

Effluent 
temperature, specific 
conductance, pH, Eh, 
DO, and chloride 

every visit (4 times) flow through test 
cell, ISE 

Groundwater 
temperature, specific 
conductance, pH, Eh, 
DO, and chloride 

every visit (4 times) flow through test 
cell, ISE 

see Tables 3.5 and 3.6 for measurement methods, detection limits, preservation, and holding times. 
a The number, location, and frequency of field measurements will be based on the observational method 

(in-field screening approaches, frequent data review and assessment). 
b Sample locations and frequency based on the findings at the existing GCREC OSTDS. 
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Effluent samples will be collected in accordance with FS 2400, Wastewater Sampling. 
Grab samples will be collected at the controlled test site and the individual home sites. 
Grab samples will enable estimation of the mass loading of nitrogen to the soil. The fre-
quency of effluent sample collection and analyses methods are summarized in Tables 
3.2 and 3.3. Effluent samples will be collected using a peristaltic pump with dedicated 
tubing (FS 2430). The suction inlet tubing will be located in the mid section of the clear 
liquid phase in the latter most tank at the home sites and of the effluent holding basins at 
the GCREC immediately prior to discharge to the soil. Effluent samples will be collected 
into a 500 mL or larger sample container and placed in a cooler on ice. 

Soil samples will be collected from the cores during installation of standpipe piezometers 
(see Section 3.2.2 for field methods and equipment) following FDEP-SOP FS 3000 using 
direct push techniques (FS 3220-5.0). Soil characteristics, will be obtained from up to 4 
boreholes located within the area of interest (controlled test site or home site). The num-
ber and layout of the boreholes may be adjusted as necessary based on field results. 
Borings will be drilled to a maximum depth of 30 ft using direct-push equipment and 
GeoProbe sampling tools. Continuous core samples will be obtained starting at the sur-
face. The soils retrieved during coring will be used for field and laboratory analytical 
analysis (Tables 3.2 and 3.3). Soil samples will be collected with depth from the water 
table for soil texture, soil features, total organic carbon (TOC), and grain size distribution. 
Depending upon the results of these field measurements and analyses, specific ana-
lytes, locations, or frequency may be altered.  

All groundwater samples will be collected using a peristaltic pump and dedicated tubing 
in accordance with FDEP-SOP (FS 2201-2.1.1, FS 2220-3.4, and FS 2221-1.1). Prior to 
groundwater sample collection, the piezometer will be micropurged using low-flow purg-
ing and sampling methods (USGS 1998, Kearl et al, 1992 and 1994). The flow rate of 
the peristaltic pump is adjusted to match the piezometer groundwater yield rate by moni-
toring the water level until it is stabilized. Micropurging is continued until water quality 
indicators (temperature, pH, specific conductance, Eh, DO, turbidity) are stabilized (three 
consecutive measurements within the limits as stated in FS 2212-3.1). Groundwater 
samples will be collected into a 500 mL or larger sample container and placed in a coo-
ler on ice. The frequency of groundwater sample collection and analyses methods are 
summarized in Tables 3.2 and 3.3. The number and location of groundwater samples 
will be adjusted as necessary based on field screening results and the previous sample 
results. Field measurements of pH, specific conductivity, temperature, Eh, and DO will 
be conducted in accordance with FDEP-SOPs (FT 1000, FT 1100, FT 1200, FT 1400, 
and FT 1500). 
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All non-dedicated sampling equipment will be decontaminated (soap wash, triple DI 
rinse, and acid wash as required) between sampling locations in accordance with FDEP-
SOPs (FC 1000). 

In addition, operating and weather conditions will be monitored in the field (Table 3.3). A 
flow meter installed on the pump discharge will measure daily flow. The flow meter will 
be recorded at least weekly to determine HLRs to the test area or home site. In addition, 
a data logger with time stamp may be used to record pump cycles and assess water use 
patterns and peak flows. Should ponding occur, visual observations will measure the 
depth of ponding from a standard reference point at each test area or home site. A ref-
erence mark will be made on the observation port casing and the distance from this ref-
erence to the infiltrative surface measured. Ponding will be measured by lowering a 
measuring tape, with a hook on the tip, down the observation port so that when the tip of 
the hook breaks the surface of the effluent the distance on the measuring tape can be 
recorded. This technique provides a ponding height measurement accurate to ~ ±1/32 
in. (±1 mm).  

A weather station is located at the GCREC with weather conditions recorded every 
minute and data stored on a private website. Direct measurements for evapotranspira-
tion (ET) will be conducted if estimates calculated from the available weather data are 
not sufficient for modeling in Task D. At individual home sites, the nearest weather sta-
tion will be located and publicly available downloaded (again recorded every minute) for 
1 to 2 months before/after field monitoring (e.g., http://www.rap.ucar.edu/weather/ sur-
face/). The higher resolution or frequency of data collection for weather conditions is 
based in part on the expected variability (i.e., there is little variability in water quality 
while there is potentially large variation in water quantity). Due to hydraulic residence 
times in the effluent tanks and the subsurface travel times the effluent and groundwater 
quality is expected to be relatively constant with little value in higher frequency monitor-
ing. However, very high resolution data is required to capture rainfall events because 
automated weather stations record data at specific times (e.g., 8:00) and not the cumula-
tive data over a time period (e.g., 7am – 8am). While the input to the simple models de-
veloped in Task D will not require this higher resolution data, we must understand these 
inputs and the effect on field observations. 

3.2.1.2 Sample Handling and Custody 
Sample handling procedures include the use of correct sample containers, labeling, do-
cumentation, preservation, and transport. Sample bottles will be purchased precleaned 
where applicable; certificates of cleanliness will be maintained in the project file. The bot-
tles will be stored in a secured area to maintain integrity. Preservatives will consist of 
reagent grade chemicals and will be placed in the bottles prior to sample collection. Se-
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lection of sample containers is governed by sample type and size and the required ana-
lyses. Each sample aliquot will be labeled with the site ID, sample ID, date, time, and 
sampler initials and logged into laboratory notebooks. Sample identification nomencla-
ture will provide a unique number for each sample location/type and is summarized in 
Table 3.4. For example, CE-HS1-DP3-240 is the groundwater sample collected from 
drive point piezometer 3 (240 cm below ground surface) at home site 1 in Central Flori-
da. For simplification in the field, a 4-digit cross reference code may be noted on the 
sample label with the full sample identification recorded in the field logbook. Duplicate 
samples will be designated with a “D” or “dup” after the last character of the sample de-
signation. Equipment rinsates will be designated with an “ER” after the last character of 
the last sample collected prior to the equipment rinsate. Field blanks will be numbered 
consecutively. 

Due diligence will be exercised to minimize the time between sample removal from the 
site and transport to the laboratory for analysis. After the samples have been collected, 
labeled and preserved, the samples will be placed in a cooler and transported on ice or 
frozen Blue Ice® to the GCREC laboratory or commercial analytical laboratory for ana-
lyses. Each sample container will be secured in packing material as appropriate to pre-
vent damage and spills. Sample delivery will be conducted on a daily to weekly basis, 
dependent upon the sampling frequency. 
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Table 3.4 
Nomenclature for Sample Identification 

Site ID Sample ID 
Region 
(AA)a 

Location 
(AAN)b 

Sample Type 
(AAA/N)b 

Depth 
(NNN)c 

GC Gulf Coast Research 
Education Center 

TA1 test area STE effluent sample,  
septic tank effluent  

NA 

NO Northern Florida  
(Wakulla County) 

HS1 home site NTE effluent sample,  
nitrified effluent  

NA 

CE Central Florida  
(Wekiva Study Area) 

  SB1 soil sample,  
soil boring 

60, 120, 
etc. 

SO Southern Florida  
(Charlotte County) 

  SM1 unsaturated zone,  
soil moisture probe 

15, 30, etc. 

    ST1 unsaturated zone,  
soil tension probe 

15, 30, etc. 

    LY unsaturated zone,  
lysimeter soil pore water 

15, 30, etc. 

    SD1 groundwater,  
standpipe piezometer 

90, 240, 
etc. 

    DP1 groundwater,  
drive point piezometer 

90, 240, 
etc. 

a character type:  A = Alpha, N = Numeric 
b numeric identifier for multiple locations of a similar type (e.g., HS1 = home site 1, SB1 = soil boring 1,  etc.) 
c depth in cm below infiltrative surface or below ground surface 

A sample will be considered under custody if it is in: 

● actual possession of a member of the sampling crew, 

● view of the sampling crew (constituting actual possession by the crew), or 

● actual possession of the sampling crew and locked in a secured area or vehicle 
in a manner such as to prevent tampering. 

Chain of custody forms will be used to document the transfer of samples from field per-
sonnel to the GCREC or analytical laboratory. One chain of custody form will be filled out 
for each set of samples and placed inside the cooler.  
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The chain of custody form will list the following: 

● regional location, 

● sampler(s), 

● sample identification, 

● sample type, 

● date and time of collection, 

● analyses requested, 

● preservative (if applicable), 

● signature and date, and 

● remarks. 

Sample custody for samples received by the analytical laboratory will be performed ac-
cording to their procedures. The analytical laboratory will be in compliance with the 
FDOH Environmental Laboratory Certification Program (ELCP) and ensure that all sam-
ples are properly stored, handled, and analyzed within the required holding time (see 
Section 3.3). The laboratory will be notified of upcoming field sampling activities and the 
subsequent transfer of samples to the laboratory. This notification will include informa-
tion concerning the number and type of samples to be shipped, as well as the antic-
ipated date of arrival. 

3.2.1.3 Sample Analysis 
Tables 3.5 and 3.6 list the analytical methods, target analytes, sample containers, pre-
servatives, and holding times for effluent, soil, soil pore moisture, and groundwater sam-
pling that is anticipated to be conducted during Task C. Constituents of interest will be 
analyzed on effluent, groundwater, and soil pore moisture samples following standard 
methods as described in Table 3.5 (FDEP 2008, APHA 2005, Hach 1998). Laboratory 
analysis of the samples shall be performed on the unfiltered sample within 24 hours of 
collection or within the appropriate holding times as specified in individual analysis me-
thods (Table 3.6).  The analytical template for each of the test areas is summarized with-
in Tables 3.7, 3.8 and 3.9.  

Sample aliquots of approximately 15 mL each will be collected, placed into sterilized 
containers (e.g., 15 mL conical tubes), and immediately placed on ice for microbial ana-
lyses. Studies have shown that sample holding times of up to 24 hours have little impact 
on bacterial counts or coliphage numbers (Van Cuyk 2003, Selvakumar et al. 2004). 
Both fecal coliforms and E. coli will be enumerated using a modified version of the en-
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zyme substrate test or membrane filtration (APHA 2005, 9222D). For the enzyme sub-
strate test, samples are diluted and added to a chromogenic and flourogenic substrate. 
After adding sample to the substrates, the mixture is incubated at 45°C for 24 hours, the 
system then provides the concentrations of both fecal coliforms and E. coli through a 
most probable number result based on the substrate color change or UV fluorescence. 
Note that the incubation temperature has been modified from the manufacturer’s rec-
ommendation of 35°C in order to enumerate only fecal coliforms rather than total coli-
forms. However, several groups (Yakub et al., 2002; Chihara et al., 2005) have shown 
similar fecal coliform counts when comparing the above method to the membrane filtra-
tion method. 
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Table 3.5 
Sample Analyses Methods 

Parameter Detection Limitsa Method 

Flow Mnfr. Specification Water meter 
pH 0.1 Electrode - (APHA method 4500-H+B) 
Temperature 0.1 oC Field method - (APHA method 2550B) 
Eh 25mV Electrode - (APHA method 2580B) 
DO 0.1 mg-DO/L Membrane Electrode - (APHA method 4500-O G) 
Alkalinity 2.0 mg-CaCO3/L 

0.2b mg-CaCO3/L 
Titration - (APHA method 2320B) 

cBOD5 1.0 mg/L 
0.3b mg/L 

Carbonaceous 5-day test - (APHA method 5210B) 

COD 3.0 mg/L 
0.2b mg/L 

Closed reflux, colorimetric method  
(APHA method 5220D and HACH method 8000 U.S. EPA-
approved) 

TOC / DOC 1.0 mg-C/L Combustion-infrared method - (APHA method 5310B) 
TS and TSS 5.0 mg/L Gravimetrically, dried at 103–105oC - (APHA methods 2540B 

and 2540D) 
TKN 0.03 mg-N/L Block digestion, flow injection analysis - (APHA method 

4500Norg D) 
Ammonia 
nitrogen 

0.6 mg-N/L 
0.03 b mg-N/L 

Nessler method - (HACH method 8038, U.S. EPA-approved) 
Distillation and titration - (APHA method 4500-NH3 C) 

NOx-nitrogen  
(nitrate + nitrite) 

0.2 mg-N/L 
(nitrate) 
0.005 mg-N/L 
(nitrite) 

Spectrophotometric, chromotropic acid method (nitrate) and 
diazotization (nitrite) - (HACH method 10020 and 10207, both 
U.S. EPA-approved)  
Ion chromatographic method - (APHA method 4110) 

Total phosphorus 0.06 mg-P/L Nitric acid-sulfuric acid method - (APHA method 4500-P) 
Persulfate oxidation method - (U.S. EPA 365.2) 

Chloride 4.0 mg-Cl/L Solid state ion selective electrode - (U. S. EPA 9212) 
Ion chromatographic method - (APHA method 4110) 

Anions varies by analyte Ion chromatography (IC) - (APHA method 4110) 
Cations varies by analyte Inductively coupled plasma (ICP) - (APHA method 3120B) 
Fecal coliform 1cfu/100mL Enzyme substrate test - (APHA method 9223B, modified by 

incubation at 45°C) 
E. coli 1cfu/100mL Enzyme substrate test - (APHA method 9223B) 
a Detection limits are for wastewater samples. Actual minimum detection limits may vary due to sample concentra-

tions and subsequent dilutions. The detection limit will be reported with the data. 
b Lower estimated detection limit for groundwater samples. 
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Table 3.6 
Sample Analyses Requirements1 

Parameter Minimum 
Volume (mL) 

Container  
Requirements 

Preservative and  
Holding Time 

Flow NA NA NA 
pH 5 Pre-cleaned plastic or glass None, analyze immediately 
Temperature 5 Pre-cleaned plastic or glass None, analyze immediately 
Eh 5 Pre-cleaned plastic or glass None, analyze immediately 
DO 5 Pre-cleaned plastic or glass None, analyze immediately 
Alkalinity, total 50 Pre-cleaned plastic or glass <6oC, 24 hours 
cBOD5 60 Pre-cleaned plastic or glass <6oC, 6 hours 
COD 2 Pre-cleaned glass <6oC, 24 hours 

with H2SO4 to <pH2, 28 days 
TOC / DOC 5 Pre-cleaned acid washed 

amber glass 
<6oC, 28 days 

TS and TSS 20 Pre-cleaned plastic or glass <6oC, 7 days 
TKN 5 Pre-cleaned plastic or glass <6oC, 24 to 48 hours 

with H2SO4 to <pH 2, 28 days 
NOx-nitrogen  
(nitrate + nitrite) 

10 Pre-cleaned plastic or glass <6oC, 24 to 48 hours 
 with H2SO4 to <pH 2 

Ammonia-nitrogen 5 Pre-cleaned plastic or glass <6oC, 24 hours 
with H2SO4 to <pH 2, 28 days 

Total phosphorus 5 1:1 HCl acid washed glass <6oC, 24 hours 
H2SO4 to <pH 2, 28 days 

Chloride <100 Pre-cleaned plastic or glass <6oC 
Anions <100 Pre-cleaned plastic or glass <4oC, 48 hours to 28 days 
Cations <100 HNO3 acid washed glass HNO3 to <pH 2, up to 6 

months 
Fecal coliform 5 Sterile plastic or glass <6oC, 24 hours 
E. coli 5 Sterile plastic or glass <6oC, 24 hours 
1 Requirements are consistent with: FDEP-SOP-001/01, General Sampling Procedures; APHA 2005, Standard 

Methods; and U.S. EPA Test Methods. 
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Table 3.7 
Analyses Template Controlled GCREC Soil and Groundwater Test Facility 

Type of  
Sample 

Number of  
Events 

Sample Points Analytes 
Total Number  
of Analyses 

Effluent 12 2 

TKN 24 
NOx 24 
NH3 24 

Alkalinity 12 
C-BOD5 12 
Total P 12 

TS 12 
TSS 12 
Fecal 12 
E. Coli 12 
Anions 4 
Cations 4 

Soil 1 24 

Lithology 24 
OM 24 
TOC 24 

Grain Size 24 
CEC 24 

Moisture 24 
Total P 24 
Total N 24 

Inorganic N 24 
Organic N 24 
Potassium 24 
Calcium 24 
Sodium 24 

Magnesium 24 

GW 12 44 

NOx 528 
TKN 528 
NH3 528 

Alkalinity 264 
COD 264 

Total P 264 
Anions 53 
Cations 53 
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Table 3.7 (con’t) 
Analyses Template Controlled GCREC Soil and Groundwater Test Facility 

Type of  
Sample 

Number of  
Events 

Sample Points Analytes 
Total Number  
of Analyses 

Soil  
Moisture 12 20 

TKN 240 
NOx 240 
NH3 240 

Alkalinity 120 
COD 120 

Total P 120 
DOC 120 

Anions 24 
Cations 24 
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Table 3.8 
Analyses Template GCREC Mound 

Type of  
Sample 

Number of  
Events 

Sample Points Analytes 
Total Number  
of Analyses 

Effluent 4 1 

TKN 4 
NOx 4 
NH3 4 

Alkalinity 2 
C-BOD5 2 
Total P 2 

TS 2 
TSS 2 
Fecal 2 
E. Coli 2 
Anions 1 
Cations 1 

Soil 1 24 

Lithology 24 
OM 24 
TOC 24 

Grain Size 24 
CEC 24 

Moisture 24 
Total P 24 
Total N 24 

Inorganic N 24 
Organic N 24 
Potassium 24 
Calcium 24 
Sodium 24 

Magnesium 24 

GW 4 96 

NOx 384 
TKN 384 
NH3 384 

Alkalinity 192 
COD 192 

Total P 192 
Anions 38 
Cations 38 
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Table 3.9 

Analyses Template Field Sites (per site) 
Type of  
Sample 

Number of events 
(per site) 

Sample Points Analytes 
Total Number  

of Analyses (per site) 

Effluent 4 1 

TKN 4 
NOx 4 
NH3 4 

Alkalinity 2 
C-BOD5 2 
Total P 2 

TS 2 
TSS 2 
Fecal 2 
E. Coli 2 
Anions 1 
Cations 1 

Soil 1 24 

Lithology 24 
OM 24 
TOC 24 

Grain Size 24 
CEC 24 

Moisture 24 
Total P 24 
Total N 24 

Inorganic N 24 
Organic N 24 
Potassium 24 
Calcium 24 
Sodium 24 

Magnesium 24 

GW 4 96 

NOx 384 
TKN 384 
NH3 384 

Alkalinity 192 
COD 192 

Total P 192 
Anions 38 
Cations 38 
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3.2.1.4 QC Samples 
Routine QC checks of sampling and analysis procedures will be in accordance with 
FDEP-SOP FQ 1000 and consist of two parts:  1) field QC samples and 2) laboratory 
QC samples. The primary goal of the QC samples is to ensure that all data are of known 
quality, and that the expected quality is appropriate for the desired use of the data. Field 
QC samples will be collected to ensure proper sample collection and handling. Laborato-
ry QC samples will be analyzed to ensure proper sample preparation and analytical 
techniques (see Section 3.3). Non-routine QC checks will include laboratory testing as 
needed to assure SOPs do not affect the sample quality. A summary of the QC samples 
is presented in Table 3.7. 
 

Table 3.10 
Summary of QC Samples Collected and Analyses Conducted 

QC Sample Frequency 
Field duplicate 10% of samples collected 

Laboratory duplicate per laboratory SOPs 
Equipment rinsate one per sampling event per region 

Field blank one per sampling event per region 
Split sample 10% of samples collected 

Laboratory blank per laboratory SOPs 
Laboratory spike per laboratory SOPs 

Non-routine method check as necessary 

Field QC samples will include duplicates, equipment rinsates, and field blanks. Duplicate 
samples will be collected with the regular samples. Field duplicate samples will be col-
lected from the same 24-hr composite sample container. Duplicate grab samples will be 
collected at the same location in immediate succession with a regular sample. The num-
ber of duplicates collected will be 10% of the total samples collected. The identification 
numbers and locations of the duplicate and regular samples will be clearly indicated in 
the log book. Duplicate samples will undergo the same laboratory analyses as regular 
samples. 

Field blanks are samples of the source water used for decontamination. These field QC 
samples are collected to ensure that constituents of interest (i.e., nitrogen) are not intro-
duced into the sample during decontamination. The rinse water used for decontamina-
tion is typically organic-free deionized water. The water used for washing is potable tap 
water. At a minimum, one sample from each source of water for a given sampling event 
will be collected for analysis. The field blanks will be analyzed for the same parameters 
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as the associated sample medium. The water used for decontamination will be resam-
pled whenever the source or supplier is changed.  

Equipment rinsate samples will be collected to determine the effectiveness of deconta-
mination procedures. These samples will be collected by pouring deionized water into or 
through the sampling device after it is thoroughly decontaminated. The equipment rin-
sate samples will be analyzed for the same parameters as the associated samples. At 
least one equipment rinsate sample will be collected during each sampling event if the 
sampling involves the use of decontaminated equipment (e.g., samples may be collected 
with dedicated and/or disposable equipment; therefore, no decontamination is per-
formed). 

3.2.2 Field Testing 
Field testing will include operational monitoring, piezometer installation for subsequent 
groundwater monitoring, field measurements, and weather monitoring. The field equip-
ment for Task C includes a field spectrophotometer, flow meters for effluent delivery, 
meters for measuring pH, specific conductivity, temperature, Eh, DO, water levels, etc., 
and a weather station. Equipment used in the field will be maintained and calibrated in 
accordance with the manufacturers specifications (FDEP-SOP FT 1900). Field instru-
ments will be thoroughly checked and calibrated before they are transported to the field. 
These instruments will be inspected for damage once they have arrived in the field. 
Damaged instruments will be immediately replaced or repaired. Service and repair of 
field instruments will be performed by qualified personnel and will be recorded in the field 
logbook.  

Instruments and equipment used to gather, generate, or measure environmental data 
(e.g., field spectrophotometer, multiparameter sonde for pH, specific conductivity, tem-
perature, Eh, DO) will be calibrated with sufficient frequency and in such a manner that 
accuracy and reproducibility of results are consistent with the manufacturer's specifica-
tions. Calibration or calibration checks, as appropriate, of field instruments and equip-
ment will be performed at least daily or at more frequent intervals as specified by the 
manufacturer. Calibrations may be performed at the start and completion of each test 
run. However, calibrations will be reinitiated as appropriate after a period of elapsed time 
due to meals, work shift change, or if damage has occurred. Records of calibration pro-
cedures, frequencies, lot numbers of standard reference solutions used as calibration 
standards, and any repairs or replacements will be recorded in the calibration log and/or 
field logbook.  

Piezometers will be installed to enable groundwater monitoring as described in Section 
2. During standpipe piezometer installation, soil samples will be collected to characterize 
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the soil and aquifer. Borings for standpipe piezometer installation will be drilled using di-
rect-push equipment and sampling tools. Continuous core samples will be obtained 
starting at the surface. Soil samples will be collected at 2-ft intervals from the soil cores. 
The GeoProbe/Terraprobe sampling method utilizes a 4-ft. long x 2-in. inner diameter 
(ID) dual-tube assembly with polyethylenterephthalate (PETG) liners to collect conti-
nuous undisturbed samples. The dual-tube assembly is comprised of an outer stainless 
steel core barrel (3.25-in ID), an inner stainless steel core barrel (2.25-in ID) and PETG 
liners (2-in ID) inserted into the inner core barrel. The dual-tube assembly is hammered, 
without rotation, ~3.5 ft into the ground surface. The inner core barrel with PETG sleeve 
and soil core is then retrieved to the surface. Upon retrieval to the surface, the PETG 
liner with the intact soil core is removed from the sampler, capped and stored at 4°C 
prior to transporting to the laboratory for analyses. A clean PETG sleeve is then replaced 
into the inner core barrel and reinserted into the outer core barrel retained in the subsur-
face. The dual-tube assembly is then again advanced ~3.5 ft and the process repeated 
until a continuous core to the desired depth was obtained. These soil core collection me-
thods enabled relatively intact core samples to be aseptically collected vertically down-
ward.  

Standpipe piezometers will be installed in the soil borings to a maximum depth of ap-
proximately 50 ft using standard well construction practices (Driscoll 1986). The screen 
length of each standpipe piezometer will be selected based on the soil profile at that lo-
cation. All couplings will have flush threaded connections. No glues or lubricants will be 
used. The annular space will be filled with native filter pack or with a grade of silica sand 
pack selected based on the soil grain size and the slot size of the screen. The sand pack 
will extend one to two feet above the top of the screen with a one to two foot bentonite 
seal placed on top of the sand pack to prevent preferential flow between the multiple 
completions. Each standpipe piezometer will be grouted at the ground surface and have 
a locking cap to prevent tampering. Upon completion, all standpipe piezometers will be 
developed by surging and pumping (Driscoll 1986). Piezometers will be allowed to set 
for a minimum of 24 hours before development to allow the grout to set. Development 
will begin at the top of the screen and proceed vertically downward with pumping rates 
and water levels monitored and recorded during the development process. Development 
will continue until at least five times the volume of standing water has been removed or 
the water is as clear as practical. All development water will be recharged to the ground. 

All direct push and soil sampling equipment (e.g., drive points, core barrels, sampling 
utensils, etc.) that contacts potential soil samples will be cleaned according to FDEP-
SOP FC 1000 between each piezometer location. Any residual soil will be spread on the 
ground surface or containerized and disposed of to not alter home site landscaping. 
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Drive point piezometers will be used to locate and define groundwater plumes and ena-
ble collection of groundwater samples. Stainless steel drive points are attach to polye-
thylene tubing inserted into standard 3/4" (20 mm) NPT steel drive pipe which is widely 
available through local plumbing and hardware stores. The steel drive pipe allows for the 
drive point piezometers to be driven into the ground with either direct push drilling or 
hand methods such as slide hammers (FDEP-SOP FS 3000). The drive casing is then 
removed leaving the drive point at the desired depth and the attached tubing extending 
to the surface. 

Following standpipe piezometer installation hydraulic tests will be performed. Single well 
step drawdown tests will be conducted to determine the relative distribution of hydraulic 
conductivity within the test area or home site. Understanding the permeability distribution 
will be critical for interpreting the results of the field monitoring. Alternatively, single-well 
recovery tests may be conducted (bail test or slug test). Analysis will be conducted using 
the Hvorslev (1951) or Bower and Rice (1976). 

3.2.3 Non-standard or Alternative Field Methods 
Tracer testing and unsaturated zone monitoring will require the use of non-standard field 
methods. Tracer testing will require the addition of a conservative tracer to the OSTDS 
and high frequency short duration analysis. These methods have been widely used in 
field research and are proven techniques (Beach 2001, VanCuyk et al. 2005). Monitoring 
of the unsaturated zone during the controlled field testing at the GCREC (Section 
2.1.2.2) will require the use of non-standard field methods including suction lysimeters, 
in situ soil tensiometers, and in situ soil moisture probes. Again, these methods have 
been widely used in field research and are proven techniques (Anderson, 1994; Wolt, 
1994; Hart and Lowery, 1997; Tackett, 2004; Dimick, 2005). Brief descriptions are pro-
vided here. 

3.2.3.1 Tracer Test Methods 
Tracer testing will be employed to evaluate travel times in the vadose zone. Bromide will 
serve as a conservative tracer representative of the water movement through soil, 
though some diffusion from mobile to immobile water may occur. The target concentra-
tion of ~500 ppm in the influent tank will allow for detection in the subsurface, but minim-
ize issues associated with solution density and mixing. Bromide will be added in the form 
of potassium bromide salt. The necessary amount of potassium bromide will be calcu-
lated to obtain the target concentration based on the individual tank size. The bromide 
salt will then be measured and added to the tank with any large clumps broken up prior 
to adding it to the tanks. If necessary, the bromide salt will be placed in a clean bucket 
and dissolved in water prior to addition to the tank to ensure dissolution. Following addi-
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tion into the tank, daily samples will be taken from the tank for quantification/verification 
of concentrations of added tracer. Samples will then be collected via the suction lysime-
ters placed below the infiltrative surface (for controlled pilot-scale testing at the GCREC 
only) or drive point and standpipe peizometers (for controlled pilot-scale testing at the 
GCREC, the existing mound OSTDS serving the GCREC and home sites). Samples will 
be collected every 24 or 48 hours with decreasing frequency to weekly and monthly until 
the tracer is no longer detected. Samples will be analyzed for bromide using an ion-
selective electrode following manufacturer’s specifications. Standard calibration curves 
will be generated daily from stocks of bromide solution. The correlation between elec-
trode mV response and the standard concentration (in mg-Br/L) in then used to deter-
mine the bromide concentration. The electrode will be recalibrated as recommended by 
the manufacturer if the correlation (r2) is less than 0.95 or if mV measurements were ob-
served to drift during analysis. 

It should be noted, that during tracer tests conducted at CSM, interference with several 
analysis methods due to bromide has been observed. Specifically, elevated bromide 
concentrations interfere with TS, TSS, COD, DOC, total nitrogen, and nitrate analyses. 
the most significant interference precludes combined analysis of bromide with TS, TSS, 
and nitrate. If conservative tracer tests using bromide are deemed to create a problem, 
an alternative conservative tracer will be identified (e.g., fluorobenzoic acids) or all 
groundwater and effluent quality samples will be collected and analyzed prior to tracer 
addition to the tank.  

Nitrogen isotope tracers (15N) have been used in agricultural studies and in wastewater 
research to track groundwater plumes. A 15N tracer test may be conducted as part of the 
controlled pilot-scale testing at the GCREC to delineate the nitrogen mass balance. Test 
methods to be used are described in Parzen (2007). However, both tracer test prepara-
tion and tracer sample analysis is extremely time-consuming and challenging. Thus, iso-
tope tracer tests will not be conducted at the home sites.  

3.2.3.2 Unsaturated Zone Monitoring 
Stainless steel and ceramic suction lysimeters (SW-074, Soil Measurement Systems, 
Tucson, AZ) will be installed at the controlled field test site (Figure 3-1). Suction lysime-
ters are preferred due to the minimal subsurface disruption and the ability to easily col-
lect discrete samples compared to pan lysimeters. The 0.86-in. diameter lysimeters are 
4.5-in. long including a 3.5-in. length that is porous with a nominal pore size of 0.2 mi-
crons and tubing that extends to the ground surface. The small pore size limits sampling 
for bacteria, but is necessary to inhibit air from entering the lysimeters in lieu of soil wa-
ter solution. Lysimeters will be installed within a single 2-in. diameter borehole with a 
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sieved native soil and water slurry (3:1 volume:volume) to ensure continuous contact 
between the porous lysimeter and surrounding undisturbed soil. A bentonite seal will be 
placed between the lysimeters to prevent preferential flow paths within the borehole that 
could yield artifacts during soil pore water sampling and analyses (see Figure 3-1).  

Individual lysimeter tubing is inserted into a rubber stopper with another set of tubing 
leading to the vacuum line. A vacuum is applied to the tubing to facilitate sample collec-
tion from the unsaturated zone. The vacuum applied must be strong enough to over-
come the soil moisture tension and to draw soil water present in the vadose zone into 
the lysimeter. The SW-074 lysimeters have a bubbling pressure of 700 millibars. This 
pressure is the air entry value, which is the air pressure required to force air through the 
thoroughly wetted porous material. The bubbling pressure is a function of pore size; the 
smaller the pores, the higher the bubbling pressure value. When this critical value is ex-
ceeded, the bonds attaching water to the porous material can be broken. Soil solution 
then travels up from the lysimeter by vacuum and drops into a pre-cleaned stoppered 
flask for sample collection (Figure 3-1). The initial soil solution volume collected is 
purged (dumped) in order to ensure a representative sample from the soil profile. To 
provide the vacuum needed for soil solution sampling, a manifold of PVC pipe will be 
connected with flexible tubing to vacuum pumps. All glassware will be washed in phos-
phorus-free soap, followed by acid/base baths separated by DI water rinses, allowed to 
air dry, and then covered with foil until use. 
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Figure 3-1:  Example Configuration of Soil Suction Lysimeters Used for 
Pore Water Sample Collection (from www.soilmeasurement.com) 

In situ soil tension and soil moisture measurements will be collected for model develop-
ment in Task D. Parameter estimation for porous media flow by inverse modeling has 
been shown to be sufficient with four observation depths and at least two of three condi-
tions: soil water content, matric pressure head, and or water flux (Ritter, 2004). The ma-
tric potential is the pressure potential due to the interaction of water and soil grains with 
both positive and negative pressures are measured with a tensiometer (Marshall et al., 
1996). Soil moisture tension will be monitored with tensiometers installed at up to 4 
depths as described in Section 2. Tensiometers have a ceramic cup and tube assembly 
equipped with a pressure transducer. The pressure transducer allows for precise mea-
surement of the water potential. Tensiometers can be automated to enable recording of 
soil moisture tension at up to 15 minute intervals to evaluate short-term changes in soil 
moisture status associated with wastewater dosing events. Alternatively, tensiometers 
will be manually read at weekly intervals. Soil moisture will be measured through time 
domain reflectometry (TDR) probes. TDR measures the travel time of an electric pulse 
down a wave guide inserted in the soil. The travel time of the pulse depends on the ap-
parent permittivity or dielectric constant, ε, of the soil media. Since the εwater is approx-
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imately 70 times greater than εsoil (dry soil), the εsoil media depends strongly on the water 
content (θw) of the soil system (Jury et al. 1991). Prior to installation, the global and indi-
vidual settings for each wave guide will be adjusted according to the manufacturer’s rec-
ommendations. Wave guides will be connected to a data logger to automatically acquire 
water content measurements for each TDR wave guide every 2 hours. The frequency of 
data logging may be modified based on the observational approach. Both tensiometers 
and soil moisture probes will be installed with direct push hand methods. During installa-
tion, the depth intervals may be adjusted to capture the transition between soil layers 
(e.g., spodic horizon noted in Soil Survey) and the capillary zone of the low water table. 

3.3 Laboratory Activities 
All laboratory activities will meet the minimum QC as specified in the FDEP-SOPs which 
meet the National Environmental Laboratory Accreditation Program (NELAP) require-
ments. However, if a certified laboratory is not identified, a waiver may be requested 
based on the research nature of this project (DEP 62-160.600 (1)(d) and (3)(f)). Regard-
less of if a waiver for the laboratory certification is obtained, all laboratories conducting 
work for this project will operate and maintain a QA Program consistent with NELAP 
standards. All laboratory methods to be utilized during Task C are standard methods. 
Should any non-standard laboratory methods be required, an addendum to this QAPP 
will be prepared. 

Analytical methods, target analytes, sample containers, preservatives, and holding times 
for effluent, soil, soil pore moisture, and groundwater samples are discussed in Section 
3.2.1.3 (Tables 3.5 and 3.6). Once samples are received, the laboratory will have a doc-
ument-control system including: sample labels, analysis logbooks, computer printouts, 
and raw data summaries. The analytical laboratory will be in compliance with the FDOH 
ELCP and ensure that all samples are properly stored, handled, and analyzed within the 
required holding time. A qualitative assessment of each sample container will be per-
formed to note any anomalies, such as broken or leaking bottles and any labeling or de-
scriptive errors. In the event of discrepant documentation, breakage, or any condition 
that would compromise sample integrity, the laboratory will immediately contact the field 
team. The samples will be stored at a temperature of approximately <6°C (as applicable) 
until analyses are performed. 

The analytical laboratory will have approved SOPs for preventative maintenance for 
each instrument system and for required support activity. These records will be reviewed 
by auditors who perform internal and external system audits of the laboratory. All labora-
tory instrumentation maintenance and calibration will be performed and documented in 
accordance with the laboratory SOPs. 
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Laboratory QC procedures will include split samples, method blanks, spikes, and dupli-
cate samples. The analytical laboratory will be in compliance with the FDOH ELCP and 
routinely analyze QC samples in accordance with their approved SOPs. Split samples 
will be sent to an outside commercial analytical laboratory for 10% of the nitrogen sam-
ples. Reagent blanks will be run for all appropriate analyses to verify that the procedures 
used do not introduce contaminants that affect the analytical results. Surrogate spike 
analysis is used to determine the efficiency of recovery of analytes in sample preparation 
and analysis. Calculated percent recovery of the spike is used as a measure of the accu-
racy of the analytical method. A surrogate spike is prepared by adding to an environ-
mental sample (before extraction) a known amount of pure compound similar in type to 
the one to be assayed in the environmental sample. Surrogate spike recovery must fall 
within certain limits; if the recovery is not within these limits, corrective action will be im-
plemented. Duplicate samples will be used to confirm laboratory method precision. Rep-
licate samples should have a relative standard deviation of <10%. If the recovery is not 
within these limits, corrective action will be implemented. Laboratory duplicate samples 
will be prepared from the same sample in immediate succession with a regular sample. 
A summary of the QC samples is presented in Table 3.7 (Section 3.2.1.4). 

Corrective actions at the analytical laboratory are required whenever an out-of-control 
event or potential out-of-control event is noted. Corrective action procedures are often 
handled at the bench level by the analyst, who reviews the preparation or extraction pro-
cedure for possible errors and checks the instrument calibration, spike and calibration 
mixes, instrument sensitivity, and other parameters. If the problem persists or cannot be 
identified, the matter is referred to the laboratory supervisor, manager, and/or QA de-
partment for further investigation. Each certified laboratory has written SOPs specifying 
the corrective action to be taken when an analytical error is discovered or when the ana-
lytical system is determined to be out of control. 

3.4 Documentation, Assessment, and Reporting 
To ensure representative data is collected to meet the DQOs, the following documenta-
tion, assessment, and reporting methods will be performed. 

3.4.1. Documentation 
Information to be documented will be in accordance with FDEP-SOPs (FD 1000). Log-
books will be used by the project team members and subcontractors responsible for 
sample collection and analyses. Each team member will be responsible for recording 
daily activities and/or significant events, observations, and measurements. Enough in-
formation will be recorded such that clarification, interpretations, or explanations of the 
data and activities are not required from the originator of the documentation. Checklists 
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and FDEP forms will be used as appropriate and maintained in the project files. Specifi-
cally, forms FD 9000-7, FD 9000-8, FD 9000-9, FD 9000-22, FD 9000-23, and FD 9000-
24 are expected to be used. All logbooks will be bound books with entries signed and 
dated. All field data will be protected to prevent loss. All Task C documentation will be 
retained for a minimum of 5 years. 

Entries in the logbooks will include the following when applicable: 

● description of activity,  

● date and time, 

● location, 

● weather conditions, 

● names and affiliations of field team, 

● work progress, 

● test area and OSTDS operational conditions, 

● field measurements and observations,  

● equipment maintenance and calibration (Section 3.2.2), and 

● any unusual occurrences, depending upon the nature of the occurrence, such as: 

 delays, 

 unusual situations, 

 departure from established field procedures, 

 equipment breakdown and repairs, 

 instrument problems, and 

 accidents. 

In addition, the latitude and longitude of each fixed monitoring point (piezometers, suc-
tion lysimeters, etc.) will be documented. Sufficient information will be included such that 
all team members can easily locate the monitoring point. At the time of collection, each 
sample will be labeled with notations made in waterproof, indelible ink.  
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Minimum information on the sample label will include: 

● unique sample identification number (Section 3.2.1.2), 

● analyses required, 

● preservative used (if any), 

● name or initial of sample collector(s), and 

● date and time of sample collection. 

All original data recorded in field logbooks, standard checklists, and sample labels will be 
written with black indelible ink. If a previously recorded value is discovered to be incor-
rect or if blank lines are left, the wrong information or blank lines will be crossed through 
with a single line, the correct value written in, and the change initialed and dated. If the 
change is made by someone other than the original author or if the change is made on a 
subsequent day, the reason for the change will be recorded at the current active location 
in the logbook, with cross reference to the original entry. All monitoring results will be 
entered into an electronic database such as Microsoft Access or Excel. 

Laboratory documentation will be in accordance with FDOH ELCP requirements and at a 
minimum include: 

● project information (e.g., client name, project number, etc.), 

● sample information (e.g., source, location of sample, matrix, etc.) 

● analysis results (e.g., analyte, result, units, comment, etc.), 

● laboratory QC information (e.g., blank results, matrix spike information, RPD, 

etc.) 

● instrumentation/equipment maintenance performed, and 

● instrument calibration results. 

The laboratory records shall contain sufficient information to allow independent recon-
struction of all activities related to generating data that are submitted in data reports to 
the client (Hazen and Sawyer). All analytical results will be entered into an electronic da-
tabase such as Microsoft Access or Excel. 

3.4.2 Data Assessment 
The data collected in Task C will be evaluated for precision, accuracy, representative-
ness, comparability, and completeness. When using these parameters as indicators of 
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data quality, only precision and accuracy can be expressed in purely quantitative terms. 
The other parameters are mixtures of quantitative and qualitative expressions. All of 
these parameters are interrelated can be difficult to evaluate separately. Primary data 
will also be graphically examined to identify obvious effects and trends and then sub-
jected to classic statistical analyses such as multifactor analysis of variance, principal 
components analysis, and/or multivariate regression analyses (e.g., Snedecor and 
Cochran 1980, Minitab 2000).  

3.4.2.1 Precision 
Measurements of data precision are necessary to demonstrate the reproducibility of the 
data. Precision objectives for field instruments are included in the SOPs for the instru-
ments. To the extent possible, one set of field instruments will be used for the duration of 
the project. 

All laboratory measurements will be made with high-purity materials, by knowledgeable 
laboratory personnel, and following internal QC. Duplicate samples will be collected and 
analyzed to assess the overall precision of laboratory procedures. Analytical precision 
may be expressed in terms of the standard deviation or RPD. RPD is calculated as fol-
lows: 

 RPD = ((X1-X2)/Xavg)(100) 

where: 

 X1  = analyte concentration of first sample 
 X2  = analyte concentration of a duplicate sample 
 Xavg   = average analyte concentration of first and duplicate samples. 

3.4.2.2 Accuracy 
The accuracy of a measurement is based on a comparison of the measured value with 
an accepted reference or true value. Accuracy of a procedure is best determined on a 
known quantity or quality. The accuracy of field measurements will be assessed through 
the use of calibration standards (e.g., pH standards), by comparing the measurement of 
a field instrument against a known standard. All calibration and instrument operations 
will be carried out using traceable standards and specified materials and methods. The 
accuracy of surveying measurements for the locations of wells and piezometers will be ± 
0.5 ft. for horizontal measurements and ± 0.1 ft. for vertical measurements. 

Sampling accuracy can be estimated by evaluating the results obtained from blanks. The 
types of blanks to be used for this evaluation are rinsates and field blanks. The accuracy 
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of laboratory measurements can be expressed as percent recovery (PR) and is calcu-
lated as follows: 

 
 PR = ((A-B)/C)(100) 

where: 

 A = spiked sample concentration 
 B = sample concentration 
 C = concentration of spike added. 

3.4.2.3 Representativeness 
All data obtained should be representative of actual conditions. The field procedures and 
laboratory analyses outlined in Section 2.0 were selected to provide data representative 
of site conditions. The representativeness of all field data will be qualitatively assessed 
by determining if the data are consistent with known or anticipated environmental condi-
tions and accepted scientific and engineering principles. Field measurements will also be 
checked for completeness of procedures and documentation of procedures and results. 

To preserve the integrity of water quality data, water quality samples will be collected 
using appropriate collection and handling methods. Field measurements will be con-
ducted using a flow-through cell, if possible. Additionally, to protect the quality of sam-
ples, the sampling equipment and field instruments will be kept clean. 

3.4.2.4 Comparability 
Consistency in the acquisition, handling, and analysis of samples is necessary so the 
results may be compared. Factors that will affect comparability are sample collection and 
handling techniques, sample matrix, field measurement techniques, and analytical me-
thods. Results from two or more sampling events may be compared by specifying and 
standardizing these factors as much as possible. To ensure the comparability of field 
measurements made throughout the duration of the project, all field samples will be 
measured immediately, and the same field instruments and measurement techniques 
will be used consistently. To ensure the comparability of analytical laboratory results, all 
samples will be transported to the laboratory promptly to ensure holding times are met, 
and the instruments and techniques used for sample collection will be used consistently. 
Calibrations will be performed in accordance with the manufacturer's specifications 
and/or approved SOPs. 
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3.4.2.5 Completeness 
Field measurements will also be checked for completeness of procedures and documen-
tation of procedures and results. Completeness of field efforts will be defined by compar-
ing the planned scope to the actual field work completed (e.g., by comparing the total 
number of samples planned to be taken with the number of samples successfully re-
ceived by the laboratory) and by evaluating the quality of the field work completed (e.g., 
by establishing that valid field data have been obtained through the use of proper proce-
dures for field measurements and sample collection, etc.). 

3.4.2.6 Validation 
Field measurements will be made by competent engineers, environmental scientists, 
and/or technicians. Field data and analytical results will be validated using five primary 
procedures: 

● Routine checks will be made during the processing of data to check for errors in 
data records. 

● Internal consistency of a data set will be evaluated by plotting the data and test-
ing for outliers. 

● Comparison checks of related analytical results (e.g., ammonium-nitrogen + ni-
trate-nitrogen is less than 120% of TKN). 

● Checks for consistency of the data set over time will be performed by visually 
comparing data sets against gross upper limits obtained from historical data sets, 
or by testing for historical consistency. Anomalous data will be identified. 

● Checks will be made for consistency with parallel data sets, that is, data sets ob-
tained from the similar home sites. 

The purpose of these validation checks is to identify outliers or anomalies (i.e., an ob-
servation that does not conform to the pattern established by other observations). Out-
liers may be the result of transcription errors or instrumental breakdowns. Outliers may 
also be manifestations of a greater degree of spatial or temporal variability than ex-
pected. After an outlier has been identified, obvious mistakes in data will be corrected. If 
no plausible explanation can be found for an outlier, it may be excluded, but a note to 
that effect will be included in data reporting. In addition, an attempt will be made to de-
termine the effect of an outlier when both included in and excluded from the data set. 
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3.4.3 Reporting 
Reports of analytical results for Task C (Deliverable C.19, Monitoring Report) will contain 
data sheets and the results of analysis of QC samples. Sample reports will include a log 
of the sample identification numbers designated in the field and the corresponding la-
boratory sample numbers. Analytical reports will contain the following items: 

● project identification, 

● sample number, 

● sample matrix description, 

● date of sample collection, 

● location of sample collection, 

● date of sample receipt at the laboratory, 

● analytical method and reference citation, 

● date of analysis (extraction, first run, and subsequent runs), 

● individual parameter results, 

● quantification limits, 

● dilution or concentration factors, and 

● corresponding QC report. 

Electronic data will be tab-delimited. The final project report will contain a compilation of 
all the QA/QC data generated, a discussion of out-of-control events, and any corrective 
actions taken.  

3.5 QA Surveillance 
The Hazen and Sawyer project manager will be responsible for QA/QC and will ensure 
compliance with this QAPP. Field surveillances and assessments will be performed by 
the field leader at the initiation of sampling associated with the controlled test site and 
again at the initiation of home site sampling. These QA surveillances of the field activi-
ties will focus on verifying proper use of field procedures for sample collection and do-
cumentation. All surveillances and necessary corrective actions will be documented in 
the field logbook. QA reports will include a discussion of the methods used for field activ-
ities and any items that differ from those described in this QAPP. QA reports will also 
include a short discussion of the quality of field documentation of data, instrument cali-
bration, corrective actions, and other field information pertinent to the field effort. 
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Performance audits of the analytical laboratories will be conducted on a regular basis to 
verify the effectiveness and implementation of the laboratory QA/QC plan as specified in 
the laboratory SOPs. Results of the internal audits shall be documented and kept on file 
at the laboratory. 
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Section 4.0 
Health and Safety 

4.1 Hazard Assessment 
Field activities will consist of drilling, piezometer installation, and environmental sam-
pling. An activity hazard analysis table will be available in the field at all times (see Ap-
pendix C). All field activities will be conducted in areas without chemical hazards. How-
ever, bentonite pellets will be used during piezometer installation. Bentonite contains 
crystalline silica which may induce long term respiratory problems at high exposures. 
Bentonite pellets or granular bentonite will be used to minimize dust. Biological hazards 
are associated with exposure to high concentrations of microorganisms in wastewater. 
The most common bacterial pathogens found in untreated wastewater are Salmonella 
and Shigella (Bitton 1999). Other bacterial microorganisms include Vibrio, Campylobac-
ter, and Leptospira (Bitton 1999). The following are general personnel hazards antic-
ipated during Task C field work: 

1) Infectious disease exposure; 

2) Slip, trip, and fall potential; 

3) Potential for pinch points and striking objects due to mechanical hazards; 

4) Potential electric shock from improperly grounded equipment; and 

5) Potential noise hazards from drilling operations. 

Proper personal hygiene and use of personal protective equipment (PPE) can signifi-
cantly reduce or eliminate the biological safety hazard. Constant attention will be given 
to physical hazards encountered during work activities, particularly those associated with 
drilling equipment. Qualifications (i.e., demonstrated experience and ability) with respect 
to the tasks to be performed will be required. Only qualified, competent personnel with 
prior experience will operate drilling equipment. Prior to any site activities, all equipment 
will be inspected. Custom modifications to equipment is prohibited unless authorized in 
writing by the original equipment manufacturer or certified as safe by a registered pro-
fessional engineer.  

Biological Hazards Three general categories of pathogenic organisms that may be 
present in wastewater include bacteria, viruses and parasites (including protozoans and 
helminths). The principle pathogenic organisms found in STE and untreated wastewater 
and the corresponding infectious dose are shown in Table 4.1. Microorganisms of con-
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cern commonly found in STE include pathogenic bacteria at sustained high concentra-
tions and virus at highly variable and episodically released levels (Bicki et al., 1984; Van 
Cuyk et al., 1999). The most common pathogenic viruses found in groundwater are he-
patitis, Norwalk-like agent, echovirus, poliovirus and coxsackie virus. Enteric virus in-
cludes 72 types of virus (e.g. polio, echo and coxsackie virus) that can cause gastroen-
teritis, heart anomalies and meningitis. The diseases caused by common pathogens in 
wastewater are summarized in Table 4.2. 

Table 4.1 
Microorganisms Found in STE and Untreated Wastewater (in MPN/100mL) 

Organism Conc. in STE Infectious Dose 
Bacteria Total Coliform 106-109  
 Fecal Coliform 105-108 106 
 Clostridium perfringens 103-105 1-1010 
 Enterococci 104-105  
 Fecal streptococci 103-106  
 Pseudomonas aeruginosa 103-104  
 Shigella 100-102  
 Salmonella 102-104  
Protozoa Cryptosporidium oocysts 101-103 1-10 
 Entamoeba cysts 10-1-101 10-20 
 Giardia cysts 103-104 <20 
Helminths Ova 101-103  
 Ascaris lumbridcoides  1-10 
Viruses Enteric Virus 103-104 1-10 
 Coliphage 101-104  
(US EPA 2002; Crites and Tchobanoglous, 1998; Anderson et al., 1994; Brown et al., 1980; 
Ziebell et al. 1974). The most probable number (MPN) method is not an actual concentra-
tion, but a statistical estimate of concentration using serial dilutions. 
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Table 4.2 
Pathogenic Microorganisms Found in STE and Untreated Wastewater  

(Lowe et al., 2007) 
Organism Disease Caused Symptoms 

Bacteria Salmonella typhi 
Shigella 
Vibrio cholerae 
Yersinia enterocolitica 
E. coli (pathogenic) 
Legionella pneumophila 
Leptospira spp. 
Campylobacter jejuni 

Typhoid fever 
Bacillary dysentery 
Cholera 
Gastroenteritis 
Gastroenteritis 
Legionnaires’ disease 
Weil’s Disease 
Gastroenteritis 

High fever, diarrhea 
Dysentery 
Diarrhea, dehydration 
Diarrhea 
Diarrhea 
Malaise, acute respiratory illness 
Jaundice, fever 
Diarrhea 

Virus Adenovirus 
Enteroviruses 
   Poliovirus 
   Echovirus 
   Coxsackie virus 
Hepatitis A 
Norwalk  
Parvovirus 
Rotavirus 
HIV 

Respiratory disease 
Gastroenteritis, menin-
gitis, heart anomalies 
 
Infectious hepatitis 
Gastroenteritis 
Gastroenteritis 
Gastroenteritis 
AIDS 

 
 
 
 
 
Jaundice, fever 
Vomiting 
Diarrhea 
Diarrhea 
 

Protozoa Cryptosporidium parvum 
Giardia lamblia 
Balantidium coli 
Entamoeba histolytica 
Cyclospora 

Cryptosporidiosis 
Giardiasis 
Balantidiasis 
Amoebic dysentery 
Cyclosporasis 

Diarrhea, low-grade fever 
Diarrhea, nausea, indigestion 
Diarrhea, dysentery, intestinal ulcers 
Diarrhea, dysentery 
Severe diarrhea, nausea, vomiting, 
severe stomach cramps 

Partially adapted from Bitton (1999) and from Crites and Tchobanoglous (1998) 

Cold and Heat Stress Personnel will be monitored for heat stress during summer moni-
toring activities. The length of periods of active work without a break will be adjusted as 
the weather dictates. Anyone exhibiting signs or symptoms of heat-related illness will be 
removed to a controlled temperature location immediately. 

Noise Hearing protection will be available for all field workers. Hearing protection is re-
quired at 85 decibels or above, on the A-weighted scale on a slow response scale as per 
American National Standards Institute (ANSI). Hearing protection will be worn at all 
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times in proximity of the direct push drilling rig during soil sampling and piezometer in-
stallation.  

Electrical All temporary, 120V, single-phase, 15- and 10-ampere receptacles and cord 
sets will be protected by approved ground fault circuit interrupts (GFCIs) as prescribed in 
29 CFR 1926.404(b)(ii). Prior to setting the drilling rig at location for piezometer installa-
tion, the field leader will determine the distance to electrical transmission lines. If the vol-
tage of electrical transmission lines is unknown, a distance of 20 ft. will be maintained. If 
the voltage is known, the equipment will not be operated when any part enters a mini-
mum radial distance of 10 ft. to electrical transmission lines as specified in 29 CFR 
1910.181.  

Other Physical Hazards Other physical hazards may be present. These hazards may 
include buried water lines; equipment movement; and equipment malfunctions. Utility 
locator surveys will be conducted for each area where piezometer installation will be 
conducted. In addition, routine hoisting and rigging will be necessary for lifts associated 
with the drilling activities. Improper lifts will be avoided. Tripping, slipping and falling ha-
zards and specific hazards pertaining to the operation of the drilling equipment will be 
evaluated. Equipment guards will be used on any mechanical gears, belts, and drive 
shafts where applicable, as mandated by Occupational Safety and Health Administration 
(OSHA) regulations, to minimize personnel exposure to moving parts during piezometer 
installation. OSHA safety mandates and guidelines will be implemented by personnel 
that work near potentially dangerous drilling equipment. 

The following are general health and safety standard operating procedures. 

1) Wear designated PPE and safety equipment at all times while in the work 

area. 

2) Do not eat, drink, chew gum or tobacco, smoke, or apply cosmetics in the 

work area. 

3) Do not work with open wounds, including bandaged wounds, or other injuries 

that could provide a route of entry for possible microorganisms. 

4) Prevent spillage. If a spill occurs, contain wastewater and dispose properly. 
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5) Practice good housekeeping. Keep everything orderly and out of potentially 

harmful situations. 

6) Be familiar with the physical characteristics of the site, including: 

a. nearest emergency assistance; 

b. accessibility to associates, equipment, and vehicles; 

c. communication facilities at and near the site; and 

d. site access and egress. 

7) Keep the number of personnel and equipment in the work area to a minimum 

but only to the extent consistent with work force requirements of safe site op-

eration. 

8) Dispose of all waste generated properly. 

9) Report all injuries, no matter how minor, to the field leader. 

10) Do not wear loose clothing and jewelry while working with or near drilling 

equipment. 

11) If desired, wear gloves or other equipment for protection against physical ha-

zards in addition to the above-mentioned PPE. 

12) Be continually aware of potentially dangerous situations (e.g., presence of 

strong, irritating, or nauseating odors) and immediately take precautionary 

measures to ensure the safety of everyone. 

4.2. Personal Protection Requirements 
During Task C, the primary exposure risk is ingestion through splashes that contaminate 
food, drinks and/or hands (most common); inhalation of infectious agents or aerosols, 
and contact with unprotected cuts and abrasions. There is no airborne exposure path-
way associated with the microbiological constituents present in residential STE or nitri-
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fied effluent. To mitigate these exposure routes for workers, eating, drinking or smoking 
will prohibited in the field during monitoring. Good personal hygiene such as avoiding 
touching the mouth, frequent hand washing, and use of disposable gloves (latex or ni-
trile) will be implemented. During routine field activities, personal protection equipment 
will include long pants, close-toed shoes, and appropriate gloves. Hard hats and safety 
glasses will be worn when equipment is being set up and when in the proximity of the 
drilling rig or other overhead hazards.  

The primary potential public and environmental exposure risk is the discharge of STE or 
nitrified effluent to the ground surface or groundwater underlying the site. To mitigate 
public exposure risk, all STE released to the environment will occur below ground; there 
will be no surface application of wastewater effluent. In addition, access to the test site 
will be controlled (fencing, locking caps on monitoring points, etc.).  

4.3 Emergency Response 
The following procedures will be implemented in the event of an emergency during field 
activities. In case of emergency dial 911. The location of the nearest medical facility will 
be made available prior to field activities. Notify the Hazen and Sawyer project manager 
of any emergencies. Maps consisting of directions to the nearest medical facility and 
hospital will be posted at the job-site. 
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M E M O R A N D U M  DATE: May 18, 2009 

FOR: Elke Ursin, Florida Department of Health 

FROM: Damann L. Anderson, P.E. 

SUBJECT: Evaluation of Test Facility Site 

Hazen and Sawyer is conducting the Florida Onsite Sewage Nitrogen Reduction Strategies 
(FOSNRS) Study under contract CORCL with the Florida Department of Health.  Under Task A 
of this project, we are in the process of identifying test facility sites where multiple assessments 
of onsite nitrogen reduction technologies and groundwater quality can be conducted in subse-
quent phases of the study.  Two potential sites identified in the response to the ITN were the 
University of South Florida Lysimeter Facility property and the University of Florida’s Gulf Coast 
Research and Education Center (GCREC) near Wimauma, FL.   Salient issues include space 
availability, site access, wastewater source of sufficient quantity and quality, subsurface hydrol-
ogy, power supply and security.   
 
After a preliminary assessment of the USF Lysimeter Facility, we feel that the cost of rehabilitat-
ing this facility will be beyond the budget allocated for that effort.  Also, since space is limited at 
the USF facility and it is not conducive for groundwater quality assessments, we have con-
cluded that it would be more cost effective to have only one test facility, where the controlled 
testing portion of the project could be conducted.  It is our recommendation that the GCREC be 
selected as the test facility site.  This memorandum summarizes the characteristics of the 
GCREC facility, as related to establishment of this test facility. 
 
The GCREC facility is located at 14625 County Road 672, Wimauma, Florida.  The facility is 
situated on 475 acres of land that were donated by Hillsborough County government.  The facil-
ity contains research trials for vegetables, small fruit and ornamental plants.  In addition, 16 
laboratories are housed onsite, one being a water quality laboratory which is available and can 
provide many of the analyses of interest for the FOSNRS project.  One of the active program-
matic areas is soil and water science.  A preliminary agreement to participate has been ob-
tained, and the key personnel at the facility are interested in the FOSNRS study.  A suitable 
area for the proposed work has been identified at the facility as depicted in Figure 1.   
 
 



Test Facility Site Evaluation 
May, 2009 
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Potential Home Site 

Proposed Project Area 

Existing Mound System 

Figure 1.  GCREC  Facility and Proposed Project Area 
 
 
Figure 2 is the web soil survey for the project area produced by the National Cooperative Soil 
Survey operated by the United States Department of Agriculture (USDA) Natural Resources 
Conservation Service (NRCS).  As shown, the primary classification of soils on the site are Zolfo 
and Seffner fine sands. 
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Richard Ford, a Resource Soil Scientist with the NRCS, conducted a preliminary soils assess-
ment of the GCREC project area on March 26, 2009.  The objective of the soils assessment 
was to confirm the soil characteristics on the site, obtain soil profile descriptions and morphol-
ogy, and obtain an estimate of the depth to seasonal high water table at the site.  The mapped 
soils in this area are primarily Seffner fine sand (47) and Zolfo fine sand (61), with a limited area 
of Myakka fine sand (29).  These are soils of the Florida flatwoods land resource area. Seffner 
and Zolfo fine sands are classified as somewhat poorly drained and Myakka fine sand is classi-
fied as poorly drained.  A letter from Mr. Ford describing his assessment is included with this 
memo as an attachment. 
 
Figure 3 indicates the approximate locations where five soil borings were augered on site to a 
depth of eighty inches. 
 

 

SB-5

SB-2

SB-1
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SB-4

 
  

Figure 3.  Approximate Soil Boring Locations 
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Soil boring 1 was identified as Zolfo fine sand. This profile had a well developed spodic horizon 
at about 58 inches. There was also evidence of some sand fill noted at the surface. It was esti-
mated at approximately 10 inches thick. The soil profile at SB-2 was also identified as Zolfo fine 
sand. The well developed spodic horizon was at approximately 54 inches. There was about 10 
inches of fill on the surface. The seasonal high water table was determined to be 30 inches plus 
or minus 6 inches.  Soil boring 3 was mapped and identified in the field as Zolfo fine sand. The 
seasonal high water table indicators were found between 24 and 39 inches.  The location of SB-
4 is in or near an area mapped as Myakka fine sand based on the Soil Survey of Hillsborough 
County, Florida. However, the soil identified on site more closely resembled Seffner fine sand. 
This soil differs from Myakka fine sand by being somewhat poorly drained rather than poorly 
drained. The seasonal high water table was determined to be 30 inches plus or minus 6 inches.  
Soil boring 5 was identified as Zolfo fine sand. The seasonal high water table was also deter-
mined to be 30 inches plus or minus 6 inches. Seffner and Zolfo fine sands are both deep, 
somewhat poorly drained soils formed in sandy marine sediment.  They are found on low-lying 
ridges on the flatwoods. 
 
 
Based on the soils found on site, the soil mapping is representative. Water table depths deter-
mined on site were within the range of the mapped soils with only one exception.  This occurred 
at soil boring 4 where Seffner fine sand was identified rather than Myakka fine sand.  In addi-
tion, the area identified as Haplaquents in the Soil Survey of Hillsborough County was not en-
countered in the area investigated.  If present, this area must exist south of the drainage ditch 
that forms the southern boundary of the study area, which was not investigated. 
 
 
Another salient issue regarding the project site is a wastewater source of sufficient quantity and 
representative quality. The existing onsite wastewater treatment system consists of a pressure 
dosed mound system designed for 2,850 gallons per day. The septic tank receives flow from the 
research facility offices and approximately 11 graduate students that live in onsite dormitories.  
The laboratory liquid waste flow is not sent to the onsite wastewater system. Table 1 provides a 
summary of the system based on design drawings located at the GCREC. 
 
 

Table 1.  GCREC Onsite Wastewater Treatment System Summary 
 

Primary Treatment – two precast septic tanks 
in series 

-One 2,500 gallon precast septic tank-
Category 4 without baffle 
-One 1,250 gallon precast septic tank-
Category 4 with outlet screen 

Dosing Tank 
3,000 gallon precast pump/dosing tank-
Category 4 

Mound System Drainfield 4,351 ft2 infiltrative area (0.65 gpd/ft2) 



Test Facility Site Evaluation 
May, 2009 

44237-001 GCREC Memo_5-18-09_5-18-09 Page 6 of 10 

 
A grab sample was collected at the outlet of the second septic tank on March 26, 2009.  Results 
of laboratory analyses of this sample are summarized in Table 2. 
 
 
 
 

Table 2.  Septic Tank Effluent Field & Laboratory Analyses 
 

pH  (measured in field) 6.51 

Temperature (oC, in field) 25.4 

Dissolved Oxygen (mg/L, in field) 0.13 

Alkalinity (mg/L) 220 

TKN (mg/L) 52 

Ammonia (mg/L) 39 

Nitrate (mg/L) 0.24 

Nitrite (mg/L) 0.022 

CBOD5 (mg/L) 300 

COD (mg/L) 680 

Fecal Coliform (Col/100 mL) 10E6 

Phosphorus (Total) (mg/L) 8.5 

Total Dissolved Solids (mg/L) 590 

Total Suspended Solids (mg/L) 80 
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Six piezometers were installed at the facility on March 17, 2009 to determine subsurface hydrol-
ogy.  Figure 3 depicts the approximate piezometer locations and the water table elevations 
measured on March 26, 2009. 
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Figure 3.  Piezometer Locations and Water Table Elevations on March 26, 2009 
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Summary 
 
Based on the cost and time associated with rehabilitating the USF facility, it has become appar-
ent that proceeding with construction of two test facility sites will be costly and time consuming. 
The current budget in the FOSNRS contract for construction of a test facility at USF does not 
appear to be sufficient for both the rehabilitation work and the testing facility construction.  In 
addition, the USF Lysimeter station can only be used for pilot tests of treatment technologies 
and unsaturated zone work, since the water table is extremely deep at the site (>25 ft.) and suf-
ficient area for plume delineation and monitoring is not available.  Management of two facilities 
once operational will also be more difficult and expensive in future phases of the project.   
 
The preliminary soils assessment, wastewater (STE) quality, and preliminary GW assessment 
appear to be conducive to performing the proposed work.  While the flatwoods type soils at the 
site have a shallow groundwater that may be more likely to support in-situ denitrification, the 
soils of the Florida flatwoods land resource area make up approximately 55% of the area of the 
state, over 60% if the Everglades land resource area is excluded.  In contrast, soils of the cen-
tral Florida ridge land resource area make up approximately 17% of the area of the state (Ayres 
Associates, 1987).  Also, a site conducive to in-situ denitrification is desirable from a groundwa-
ter modeling perspective.  To include denitrification in the models developed in Task D, a study 
site where denitrification can be measured will be more likely to provide the needed inputs and 
calibration data for model development.   If the mechanisms of in-situ denitrification can be iden-
tified at the site, then the models developed should be able to predict whether such denitrifica-
tion is likely to occur at any given site.  Additionally, the individual home field sites for Task C 
will be chosen to include soils of different types, including well drained fine sands typical of the 
central Florida ridge recharge areas, and the models developed will be tested at these sites.   
 
Treatment technology pilot testing and both the saturated & unsaturated zone investigations 
could be performed at the GCREC.  Therefore, the Project Team recommendation is to conduct 
all test facility work at the GCREC. This recommendation would include shifting the funds for 
test facility design and construction in Task A to the design and construction of the test facility 
for Task C, or vice versa.  We would like to proceed with the GCREC site as the only FOSNRS 
Study testing facility, and request FDOH direction in this regard.  

enc: NRCS letter  

c: E. Roeder 
P. Booher 
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April 14, 2009 
 
 
Hazen and Sawyer, P.C. 
10002 Princess Palm Ave. 
Suite 200 
Tampa, Florida 33619 
 
 
ATTN:     Mr. Anderson 
RE:         Onsite Wastewater Treatment research 
 
Dear Sir: 
 
An on site soil investigation was conducted March 26, 2009 at the UF Gulf Coast Research 
and Education Center to determine the seasonal high water table and ascertain whether or 
not the soils were mapped correctly in the most recent NRCS soil survey documentation for 
Hillsborough County. The area of concern is located in section 29, T31S, R21E; Hillsborough 
County, Florida. 
 
Soil borings were made at preselected sites or points to a depth of eighty inches. The map-
ping units were identified and the seasonal high water table determined. The Soil Survey of 
Hillsborough County, Florida and the Web based Soil Survey of Hillsborough County were 
used in this effort.  
 
Five soil borings were made on site to a depth of eighty inches in the area of concern. The 
mapped soils in this area are Seffner fine sand (47), Zolfo fine sand (61), and Myakka fine 
sand. These soils are classified as poorly to somewhat poorly drained. 
 
SB#1 was located five feet NW of PZ#1 and was identified as Zolfo fine sand. This profile had 
a well developed spodic at about 58 inches. There was also evidence of some sand fill noted 
at the surface. It was estimated at about 10 inches thick. 
 
SB#2 was located 23 feet NW of PZ#1. This profile was identified as Zolfo fine sand. The well 
developed spodic was at 54 inches. There was about 10 inches of fill on the surface. The 
seasonal high water table was determined to be 30 inches plus or minus 6 inches. 
 
SB#3 was located 200 feet east of the mound system’s eastern edge. The soil mapped on 
site and identified in the field was Zolfo fine sand. The seasonal high water table indicators 
were found between 24 and 39 inches. 
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SB#4 was located 95 feet east of the field road edge and 95 feet north of the line of trees. 
This area is mapped Myakka fine sand based on the Soil Survey of Hillsborough 
County,  Florida. The soil identified on site was Seffner fine sand. This soil differs from My-
akka fine sand by being somewhat poorly drained rather than poorly drained. The seasonal 
high was determined to be 30 inches plus or minus 6 inches. 
 
SB#5 was located on the east side of the Farm Manager residence inside the chain link 
fence. Zolfo fine sand was identified on site. The seasonal high was determined to be 30 
inches plus or minus 6 inches. 
 
Based on the soils found on site the soil mapping is representative. Water table depths de-
termined on site were within the range of the mapped soils with only one exception.  This oc-
curred at SB#4 where Seffner fine sand was identified not Myakka fine sand. 
 
In addition, the area identified as Haplaquents in the Soil Survey of Hillsborough County was 
not encountered in the area investigated.  If present, this area must exist south of the drain-
age ditch that forms the southern boundary of the study area, which was not investigated. 
 
Please call if you have any questions. Thank you very much. 
 
 
 
 
Yours truly, 
 
 
 
Richard D. Ford 
Resource Soil Scientist 
cc:    Juan Vega, District Conservationist 
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Appendix C 
Activity Hazard Analysis 

Job:  FOSNRS Task C Occupation:  Drilling Crew and Field Personnel Date:  August 2009 
Specific Work Location: 
Controlled Test Site / Home Sites 

Analyzed by:  K. S. Lowe 
 

Reviewed by:  D. L. Anderson 

Tools Required: PPE Required:  Gloves, close-toed shoes, and eyewear. 
Job Activity Potential Risks/Hazards Control Measures 

Contact:  Damann Anderson, FOSNRS Project Manager: 813-630-4498 office, 813-340-7976 cell phone. 
               Kathryn Lowe, Task C co-leader: 303-273-3685 office and 303-921-3174 cell phone. 
General Slip, trip, and fall hazards 1. Work will be performed during daylight hours. 

2. Personnel will visually survey the site and avoid hazardous areas to the degree 
feasible. 

3. No smoking, eating or drinking at the drilling rig during operation. 
4. Use ground fault circuit interrupts (GFCIs). 
5. Use proper lifting techniques (use legs not back, do not exceed individual 

physical capability, use lifting devices where appropriate). 
6. First aid kit will be available (access to shower will remain open). 
7. Report all injuries to Damann Anderson (813-630-4498). 
8. In case of emergency call 911. 

Environmental Sample 
Collection 

Spills/splashes/leaks 
Contact with wastewater 
Electrical 

1. Check and address spills/leaks of wastewater. 
2. Check and address potential contact of water/wastewater with electrical cords. 
3. Decontaminate work areas and cleaned spills using 70% ethanol. 
4. Recognize potential bacterial, virus or blood borne pathogens and eliminate 

exposure through adequate PPE and work practices. 
PPE:  gloves, close-toed shoes, eyewear. 
Waste Management (WM):  Clean spills/leaks.  Segregate trash.  Place contact 
waste bins.  Excess effluent will be returned to the septic tank/holding basin.  
Excess groundwater will be discharged to the ground surface. 

Sample Analyses Spills/splashes 
Contact with wastewater 

and/or reactive chemicals 
(e.g., acids) 

Broken glass 
Hot surfaces 

1. Clean all spills immediately.  Ensure proper spill kits are available.  Broken 
glass should be immediately swept.   

2. Properly store incompatible materials and flammables (e.g., separate storage 
for acids and bases). 

3. Close chemical containers when not in immediate use. 
PPE:  lab coat, gloves, close-toed shoes, eyewear.  
WM:  Clean spills/leaks.  Segregate trash.   
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Job Activity Potential Risks/Hazards Control Measures 

Piezometer Installation and 
Soil Coring with Direct Push 
Drilling Rig 

General PPE for all drilling related activities:  Hard hat, hard-toed shoes, safety glasses, 
and work gloves. 
WM:  Soils will be spread on the ground surface. 

 Malfunction 1. Equipment will be inspected prior to use. 
 Noise 1. Sound levels are expected to reach 95 dBA during hammering.  

Additional PPE:  hearing protection with a minimum NRR of 17 will be used by the 
drilling operator(s) during operation and personnel within 30 ft of the rig.   

 Rotating auger may snag 
clothing 

1. Loose clothing is not to be worn by the drill rig operator or the operator’s 
assistant. 

2. No access within four feet of the rotating auger except to the operator and 
operator’s assistant. 

3. Kill switches shall be demonstrated to be operable prior to the first use. 
 Overhead wires 1. Maximum voltage of overhead lines is 13.8 kV. 

2. Minimum 10 ft distance to be maintained between the mast and wires.  Ten ft 
plus 0.4-in. per kV over 50kV. 

3. Spotter will be used if approaching the minimum distance. 
 Underground utilities 1. A utilities locator survey will be preformed and kept on-site during drilling.   
Soil Sample 
Collection/Handling 

Handling heavy equipment 
and falling equipment 

1. Do not exceed personnel physical lifting abilities.  
WM:  Soils will be spread on the ground surface. 

Emergencies Heat stress 1. Breaks will be taken to minimize potential for heat stress. 
2. Drinks and a cool location (i.e., truck) will be available near the work area. 
3. The buddy system will be used.  
PPE:  Gloves and other PPE to prevent direct contact with metal equipment and 
prevent exposure to weather conditions. 

 Injuries 1. The fire department will be summoned for all injuries that need more than first 
aid by calling 911. 

 Blood borne pathogens 1. One field member will be trained in first aid and blood borne pathogens, but 
will not provide first aid unless necessary to stabilize a serious injury. 

2. If blood is present, the area will be controlled to prevent exposure to blood and 
potential blood borne pathogens.  

3. All injuries and treatment will be documented as described above under 
General Field Activities. 

 Fire 1. Call the fire department. 
2. If personnel are trained in the use of fire extinguishers, and it is safe to do so, 

incipient stage fires may be extinguished using portable fire extinguishers. 
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FINAL STUDY AND REPORT ON PHASE 1 OF THE FLORIDA  
ONSITE SEWAGE NITROGEN REDUCTION STRATEGIES STUDY (2008-2010) 

 
 
EXECUTIVE SUMMARY 
 
The 2008 Legislature appropriated $1.0 million for phase 1 of an anticipated 3-5 year project to 
develop passive strategies for nitrogen reduction for onsite sewage treatment and disposal 
systems (OSTDS).  This report is submitted in compliance with Line Item 471 Section 3, 
Conference Report on Senate Bill 2600, General Appropriations Act for Fiscal Year 2009-2010, 
which re-appropriated funding for the study. 
 
The original 2008 legislative direction identified three areas of concern:  (1) Quantification of life-
cycle costs and cost-effectiveness of passive nitrogen reduction treatment technologies in 
comparison to more active technologies and to conventional treatment systems; (2) 
Characterization of nitrogen removal from effluent in the soil underneath the drainfield and in 
shallow groundwater; and (3) Development of simple models to describe the fate and transport 
of nitrogen from onsite sewage treatment and disposal systems.   
 
The significance of this project is that it evaluates and develops strategies to reduce nitrogen 
impacts from OSTDS regulated by the Department of Health (DOH).  Excessive nitrogen can 
have negative effects on public health and the environment.  The primary motivations for this 
study are the environmental impacts that the increased levels of nitrogen in water bodies can 
cause.  Programs within the Florida Department of Environmental Protection identify water 
bodies impaired by excessive nitrogen, establish targets for maximum nutrient loads, and 
develop management action plans to restore the water bodies.  The relative contribution of 
OSTDS to total nitrogen impacts varies from watershed to watershed with estimates ranging 
from below five to more than 20 percent.  There is widespread interest in the management of 
OSTDS and their nitrogen impacts. 
 
The study contract was awarded in January 2009 to a Project Team led by Hazen and Sawyer, 
P.C., and was based upon an anticipated budget of $5 million over a 3 – 5 year project 
timeframe. As a result of the time required for contracting, unspent monies in fiscal year 2008-
2009 were re-appropriated in 2009 to complete the initial tasks of the project.  The contract 
identifies the following tasks: 
 
Task A includes a literature review, technology evaluation, prioritization of technologies to be 
examined during field testing, and further experimentation with approaches tested in a previous 
DOH passive nitrogen removal study.  Objectives of this task are to prioritize technologies for 
testing at actual home sites and to perform controlled tests at a test center to develop design 
criteria for new passive nitrogen reduction systems. 
 
Task B includes installation of top ranked nitrogen reduction technologies at actual homes, with 
documentation of their performance and cost. 
 
Task C includes several field evaluations of nitrogen reduction in Florida soils and shallow 
groundwater, and also will provide data for the development of a simple planning model in Task 
D. 
 
Task D is to develop simple fate and transport models of nitrogen from OSTDS that can be used 
for assessment, planning and siting of OSTDS. 
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As of March 2010, the contractor, in coordination with the Research Review and Advisory 
Committee and DOH, had successfully completed parts of Task A, C, and D, including literature 
reviews, ranking of nitrogen reduction technologies for field testing, design of a test facility for 
effluent plume monitoring and further development of passive technologies, and preparation of 
quality assurance documents for the test facility work and groundwater monitoring to be 
completed during fiscal year 2010-2011.  Installation of a test facility for the evaluation of 
nitrogen reduction techniques and preparation for field sampling is currently ongoing.  Sampling 
and reporting of results would continue through subsequent years and will require funding for 
fiscal year 2010-2011.  Field-testing of the ranked technologies at home sites (Task B) will also 
require additional funding. 
 
While the technology evaluations are ongoing, the information to date appears sufficient to 
consider recommendations to address the following issues:  

 
 in nitrogen sensitive areas, requiring lower sewage system densities or better 

treatment than currently allowed.  For example, the current allowances for lots 
platted before 1972 provide for approximately five houses per acre for parcels served 
by private wells and eight houses per acre for parcels served by public water 
systems.    

 
 allowing the use of performance-based treatment systems for establishments other 

than single family residences without the need for a variance. 
 

 developing regulations for entities that operate and maintain shared treatment 
systems (clusters) treating sewage flows within the department’s jurisdiction and/or 
serving an establishment on multiple parcels.  This should include requirements for 
financial assurance, obligations of property owners, and rate setting. 

 
 identifying funding and cost sharing mechanisms to implement inspection, 

maintenance or upgrade programs to existing onsite sewage systems 
 

 establishing a task force for the study and development of water quality 
requirements, performance, approval, operation, maintenance and inspection 
standards for wastewater reuse treatment and waste separation systems, including 
those that would be constructed within buildings, and delineating the jurisdictional 
boundaries between the Building Authorities and the Department of Health for such 
systems. 

 
The DOH and RRAC recommend that the Legislature provide at least $2 million to fund the next 
phase of the project, primarily for field monitoring over at least a one-year monitoring period of 
performance and cost of technologies at home sites, and of nitrogen fate and transport.  This 
funding also will continue the development and monitoring work at the test facility, and of 
modeling.  Additional funding will be needed from the 2011 legislative session to complete 
monitoring and other field activities, and final reporting with recommendations on onsite sewage 
nitrogen reduction strategies for Florida’s future.  
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1 INTRODUCTION 
 

1.1 Legislative Language 

 
This report is submitted in compliance with Line Item 471 in Section 3, Conference Report on 
Senate Bill 2600, General Appropriations Act for Fiscal Year 2009-2010.  The language 
instructs: 
 

From the funds in Specific Appropriation 471, $540,000 from the Grants and 
Donations Trust Fund is provided to the department to continue and complete 
the study authorized in Specific Appropriation 1682 of chapater (sic) 2008-152, 
Laws of Florida.  The report shall include recommendations on passive 
strategies for nitrogen reduction that complement use of conventional onsite 
wastewater treatment systems.  The department shall submit an interim study 
and report on February 1, 2010, and a final study and report on May 1, 2010, to 
the Governor, the President of the Senate, and the Speaker of the House of 
Representatives prior to proceeding with any nitrogen reduction activities. 

 
The instructions refer to a study that was previously authorized by the legislature.  This study 
was based on budget language in 2008 (Line Item 1682, House Bill 5001, General 
Appropriations Act for Fiscal Year 2008-2009) that instructed: 
 

…the Department of Health to further develop cost-effective nitrogen reduction 
strategies. The Department of Health shall contract, by request for proposal, for 
Phase I of an anticipated 3-year project to develop passive strategies for 
nitrogen reduction that complement use of conventional onsite wastewater 
treatment systems. The project shall be controlled by the Department of 
Health’s research review and advisory committee and shall include the 
following components: 1) comprehensive review of existing or ongoing studies 
on passive technologies; 2) field-testing of nitrogen reducing technologies at 
actual home sites for comparison of conventional, passive technologies and 
performance-based treatment systems to determine nitrogen reduction 
performance; 3) documentation of all capital, energy and life-cycle costs of 
various technologies for nitrogen reduction; 4) evaluation of nitrogen reduction 
provided by soils and the shallow groundwater below and down gradient of 
various systems; and 5) development of a simple model for predicting nitrogen 
fate and transport from onsite wastewater systems. A progress report shall be 
presented to the Executive Office of the Governor, the President of the Senate 
and the Speaker of the House of Representatives on February 1, 2009, 
including recommendations for funding additional phases of the study. 

 
Both instructions refer to nitrogen reduction and passive technologies or strategies for onsite 
sewage treatment and disposal systems.  The following sections provide background 
information and discuss several terms that are important for this study. 
 

1.2 General Background 

 
Protection of public health and the environment is the mission of the Onsite Sewage Program of 
the Florida Department of Health (FDOH).  Onsite Sewage Treatment and Disposal Systems 
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(OSTDS) are a permanent solution to wastewater treatment in many locations throughout the 
State of Florida.  In Florida, an estimated 2.3 million OSTDS are in use statewide, serving 
approximately a third of the population.  They create one of the largest artificial ground water 
recharge sources in the state.  Ninety percent of the water used for drinking comes from ground 
water.  It is necessary to protect this resource to protect public health and the environment. 
 
Excessive nitrogen can have negative effects on public health and the environment.  The 
primary impetus for this study is the increased level of nitrogen in the environment.  Increased 
amounts of nitrogen in surface water bodies can cause eutrophication, which can lead to 
detrimental effects to sensitive aquatic ecosystems.  Nitrogen sources to the environment 
include:   atmospheric deposition; fertilizer from both agricultural and residential land uses; 
livestock wastewater; municipal wastewater treatment systems; onsite sewage treatment and 
disposal systems; and stormwater.  The combination of these sources adds up to a cumulative 
nitrogen load to ground and surface waters.  As land uses change and the population and the 
number of onsite systems increase, the relative contribution of onsite systems to nitrogen 
sources in an area may change. 
 
Various investigators have evaluated the relative contribution of onsite systems to cumulative 
nitrogen impacts in specific watersheds and discussed opportunities to reduce this contribution.  
The FDOH has been most involved in such efforts in the Wekiva Study Area of central Florida 
and has provided reports on nitrogen and onsite systems to the Governor in 2004 and 2007.  An 
increasing motivation for such evaluations is the need to maintain and restore water bodies to 
their designated uses, implemented through the total maximum daily load program of the Florida 
Department of Environmental Protection.   
 
The 2008 legislative language addressed these concerns about the management of impacts 
from nitrogen from onsite systems on Florida’s waters by providing initial funding for a research 
project.  In the same line item, the legislature requested a report on an inspection program to 
address ongoing maintenance of conventional onsite systems and an inventory of onsite 
systems in Florida.  The 2009 legislative language instructs the FDOH to submit 
recommendations for passive strategies for nitrogen reduction based on the work accomplished 
during the project. 
 

1.3 Discussion of Terms 

 
Florida has been a leader in the field of onsite wastewater treatment and disposal system 
(OSTDS) practices.  Conventionally, OSTDS consist of a septic tank and a drainfield.  Onsite 
system construction and use standards in the State date from 1921.  A major revision occurred 
in 1984 from which time onward all drainfields in new onsite system construction had to be 
installed to provide two feet of separation from groundwater.  Figure 1-1 illustrates a 
conventional onsite system.  Research in Florida and elsewhere has shown that OSTDS 
installed to these modern standards effectively reduce the concentration of pathogens found in 
normal wastewater, but that nitrogen levels are only reduced to a limited extent.   
 
Mass vs. Concentration of Nitrogen 
 
Mass and concentration of nitrogen in sewage will influence the working of a nitrogen reduction 
system.  The mass of nitrogen to be treated by an onsite system depends on the diet, number, 
and life patterns of users.  On a per capita basis, data allowing estimates of the annual mass of 
nitrogen leaving septic tanks in Florida have resulted in a range from 7 to 15 lbs of nitrogen per 
person, with a mid-range value of 11 lbs per capita per year.  This estimate is also between the 

Deleted: Interim 

Deleted: January 



Draft Final Report March 2010 

 5

median and mean value of a recent Water Environment Research Foundation (WERF) study 
that included septic tanks from Florida. 
 
The concentration of nitrogen in sewage depends on the mass of nitrogen generated and the 
amount of water in which it is diluted.  The water usage is again variable and influenced by 
socioeconomic status.  Studies in Florida in the 1980s and 1990s, on which current regulations 
are based, indicated that a typical total nitrogen concentration leaving a septic tank was just 
under 40 mg/L.  Studies in the last few years, such as the DOH’s Wekiva study in 2007 and the 
WERF-study mentioned before, suggest that typical concentrations have increased to 60 mg/L 
or even 80 mg/L. 
 
While the concentration appears to have increased, the mass loading of total nitrogen does not 
appear to have increased, which is consistent with water conservation being the main cause of 
the concentration increase.  Total maximum daily loads are frequently expressed as a limiting 
concentration.  For watershed assessments, such a concentration can be compared to the 
cumulative mass loading of the pollutant of interest relative to a characteristic flow of the water 
body of concern.  For such estimates the mass loading, i.e. the product of both effluent 
concentration and flow, from onsite systems is more meaningful than effluent concentrations 
only.  Correspondingly, to address problems of excess nitrogen on a watershed scale, mass 
loading reductions are more generally applicable than concentration reductions.  Therefore, 
most of this report and most of the reports created by the contractor refer to reductions in mass 
loading rather than particular concentration values. 
 
 

 
Figure1-1.  Conventional onsite sewage treatment and disposal system (septic system) (from 
http://www.epa.gov/owm/septic/pubs/homeowner_guide_long.pdf) 
 
“Advanced” Treatment Systems 
 
Where local regulations require more treatment or where relatively small lots make it difficult to 
install a conventional system, more advanced treatment options exist.  These fall generally into 
two permitting categories: 
 
Aerobic treatment units add air to the sewage so that oxygen demanding compounds in the 
sewage can be digested before the sewage enters the drainfield.  Aerobic treatment units are 
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permitted based on a standardized technology test by a third-party that certifies that the 
technology functions in removing oxygen demanding compounds and solids.   
 
Another permitting category is labeled performance-based treatment systems.  A Performance-
Based Treatment System is a type of OSTDS that has been designed to meet specific 
performance criteria for certain wastewater constituents as defined by Section 64E-6.025(10), 
FAC.  It should be noted that nitrogen is only one of the possible constituents in wastewater that 
can be addressed by performance-based treatment systems, oxygen demand and solids, total 
phosphorus, or fecal coliforms as pathogen indicator are others.  Technologies used in a 
performance-based treatment system can have a range of complexity and energy intensity.  
Under current market conditions, most technologies used in performance-based treatment 
systems have been based on aerobic treatment units and include active aeration, whereby air is 
blown into the sewage.   
 
The FDOH had undertaken in 2007-2008 a study of passive technologies for nitrogen removal.  
The definition used in that study and since then for “passive” is: 
 

Passive: A type of onsite sewage treatment and disposal system that excludes 
the use of aerator pumps and includes no more than one effluent dosing pump 
with mechanical and moving parts and uses a reactive media to assist in nitrogen 
removal. 

 
Two elements are of significance in this definition.  It excludes some approaches to achieving 
aeration (aerator pumps), one of the processes included in sewage treatment; and it requires a 
particular approach (reactive media) for nitrogen removal, another process in the treatment of 
sewage.  These elements are based on an understanding that nitrogen removal from 
wastewater generally occurs in two steps.  In the first step associated with aeration, nitrification 
occurs when nitrogen is converted to nitrate.  In the second step, which occurs without air 
(anoxic conditions), denitrification occurs  when nitrate is converted to nitrogen gas that then 
leaves the sewage.  Figure 1-2 illustrates the sequence of processes occurring in a passive 
system.  The same processes can be achieved by other, less passive technological 
approaches, too.  Table 1-1 characterizes the current relationships between conventional, 
performance-based treatment systems, and passive systems. 
 
Before a new technology becomes classified as performance-based treatment system for 
nutrient reduction it passes through a period of innovative system testing in Florida.  To become 
an innovative system, a technology has to provide third-party testing data similar to those 
required for aerobic treatment units.  During innovative system testing, a limited number of 
systems are installed and monitored in Florida.  FDOH expects the field testing during task B of 
this project to be a useful component of such innovative system testing for some new 
technologies. 
 
The addition of reactive media, or the dosing of other reactants in non-passive systems, to 
achieve treatment processes in onsite sewage treatment systems raises the question if such 
additions themselves can cause ground or surface water contamination.  Florida regulations 
require a review of such compounds and their proposed dosing rates to prevent such 
contamination.  
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Figure 1-2.  Sequence of processes in a passive system (Fig 4.9 of literature review for Task A)  
 
 
Table 1-1.  Relationships between the terms conventional system, performance-based 
treatment system, and passive system for the purposes of this study. 
 
Characteristic Conventional system Performance-based treatment system 
How important is 
nitrogen reduction in 
system? 

Nitrogen reduction is 
coincidental. 

Nitrogen reduction is design goal. 

Where does 
nitrogen reduction 
take place? 

Nitrogen reduction 
limited in drainfield, 
site-specific 

Denitrification 
integrated with 
aeration process 

Additional, separate 
denitrification stage 

Not included 
Denitrification by 
dosing reactants 

Aeration by 
blowers 

Denitrification by 
reactive media 
Not included 
Denitrification by 
dosing reactants 

What treatment 
processes beyond a 
conventional system 
are included? 

Not included 

Aeration by 
sewage flow 
over media Denitrification by 

reactive media 
 
 
 
 
 
 
2 PROGRESS OF THE MULTI-YEAR STUDY THROUGH MARCH 2010 
 

2.1 Contractor Selection 

 
The legislation was passed and signed into law by the Governor on June 11, 2008.  In 
cooperation with the RRAC, the FDOH developed a request for proposals in the form of an 
invitation to negotiate (ITN) according to Florida Statute 287.054(3)(a).  This ITN was advertised 
on September 26, 2008 as DOH 08-026 with the title “Florida Onsite Sewage Nitrogen 
Reduction Strategies Study: Technology Evaluation, Characterization of Environmental Fate 
and Transport, and an Assessment of Costs”.  Three teams submitted proposals.  During the 

“passive system” for the 
purposes of this study 
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RRAC meeting on November 6, 2008 all proposals were ranked, and the proposal by a project 
team led by Hazen and Sawyer was ranked highest.   
 
The FDOH invited the top-ranked team to begin negotiations.  After several negotiation sessions 
during which aspects of the proposals were clarified and a more detailed scope of work defined, 
and review of the best and final offer, the FDOH issued an intent to award letter on December 
16, 2008, and the contract was executed on January 28, 2009. 
 
The process from signing of the legislation to a completed agreement took approximately six 
months.  This is comparable to the time requirements for soliciting and issuing contracts for 
smaller projects in the past. 
 

2.2 Summary of Scope and Status for the Multi-Year Study as of March 2010 

 
The resulting contract for the study split the project into five main tasks: 

 Task A: Technology Evaluation for Field Testing: Review, Prioritization, and 
Development 

 Task B: Field Testing of Technologies and Cost Documentation 
 Task C: Evaluation of Nitrogen Reduction Provided by Soils and Shallow Groundwater 
 Task D: Nitrogen Fate and Transport Modeling 
 Task E: Project Management, Coordination, and Meetings 

 
For each of these tasks, the contract defines more detailed subtasks and their objectives. The 
contract anticipates progress by establishing particular milestones at which the gathered 
knowledge will be used to further refine subsequent work.  
 
The following subsections discuss the status and anticipated progress for the various tasks.  
Objectives that have been completely or partially accomplished are indicated in parentheses. 
Appendix A summarizes this information in tabular form.   
 

2.2.1 Task A, Technology Evaluation for Field Testing: Review, Prioritization, and 
Development 

The objectives of Task A, Technology Evaluation for Field Testing: Review, Prioritization, and 
Development, are given in the following listing.  

 Perform literature review to evaluate nitrogen reduction technologies (completed) 
 Develop technology classification scheme (completed) 
 Formulate criteria for ranking of nitrogen reducing technologies for this project 

(completed) 
 Rank and prioritize nitrogen reduction technologies for field testing in this project 

(completed) 
 Conduct technology ranking workshop with RRAC (completed) 
 Prepare innovative systems applications for highly-ranked technologies that are not yet 

innovative systems in Florida 
 Conduct technology development in Passive Nitrogen Removal Study II (design 

completed, quality assurance project plan completed) 
 

2.2.2 Task B, Field Testing of Technologies and Cost Documentation 

The objectives of Task B, Field Testing of Technologies and Cost Documentation, are: 

Deleted: Interim 

Deleted: January 

Deleted: December 2009



Draft Final Report March 2010 

 9

 Identify home sites and establish use agreements 
 Establish vendor agreements 
 Quality Assurance Project Plan 
 Install field systems at home sites 
 Operate and monitor field systems 
 Compile results in report format 
 Provide technical description of nitrogen removal technologies 
 Acceptance of systems by homeowners 
 Conduct Life Cycle Cost Analyses 
 Final Report for Task B 

As these objectives built on results of Task A, completion of this work is anticipated to begin 
during the next fiscal year future. 
 

2.2.3 Task C, Evaluation of Nitrogen Reduction Provided by Soils and Shallow 
Groundwater 

The objectives of Task C, Evaluation of Nitrogen Reduction Provided by Soils and Shallow 
Groundwater, are: 

 Critical characterization of nitrogen reduction in Florida soils and groundwater 
(completed) 

 Develop Quality Assurance Project Plan (completed) 
 Establish a controlled test facility (ongoing) 
 Identify home sites and make use agreements 
 Instrument field systems at test facility and home sites (test facility under construction) 
 Operate and monitor field systems 
 Compile data in report format 
 Close-out of home sites and controlled test facility 
 Provide Final Report for Task C 

 

2.2.4 Task D, Nitrogen Fate and Transport Modeling 

The objectives of Task D, Nitrogen Fate and Transport Modeling, are: 
 Literature review on fate and transport models (completed) 
 Quality Assurance Project Plan 
 Space time variable aquifer model with simplified soil treatment 
 Development-scale aquifer model creation and calibration 
 Space time variable model with complex soil treatment 
 Development-scale model with aquifer and soil treatment 
 Uncertainty analysis 
 Validate and refine models using data from Task C 
 Develop decision making framework 
 Final Report for Task D 

 

2.2.5 Task E, Project Management, Coordination and Meetings  

The objectives of Task E, Project Management, Coordination and Meetings are: 
 Conduct project kickoff meeting (completed) 
 Prepare progress reports (four completed) 
 Make presentations to Research Review and Adivisory Committee and Technical 

Review and Advisory Panel (one completed) 
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 Conduct Project Advisory Committee meetings 
 

2.3 Expenditure Status 

 
The proposed cumulative total funds anticipated to be spent on the contract with Hazen and 
Sawyer prior to the end of the 2009-2010 fiscal year are $774,000.  Through February of 2010, 
Hazen and Sawyer has invoiced for deliverables valued at $375,000.  The FDOH has spent 
about $25,000 through December of 2009 for two RRAC meetings in 2008 and six RRAC 
meetings in 2009, and other associated costs to discuss the scope of the project, to rank 
proposals, and to provide input into and updates on the project.  It is anticipated at least 
quarterly RRAC meetings will be required to provide regular updates on the project. 
 

2.4 Coordination with Advisory Committees of the FDOH 

 
Implementation of this study requires close cooperation with the DOH’s Research Review and 
Advisory Committee (RRAC), which the legislature charged to control the study.   
 
The RRAC met to discuss this project for the first time on July 30, 2008 in the Orlando area.  
One item of discussion was a clarification of roles between: the FDOH that is to contract for the 
study, provide administrative support to the RRAC, review and accept the deliverables, and 
provide the report to the government; the RRAC which has been tasked with controlling the 
study; and the contractors that will perform the work, provide reports, and address comments.  
The RRAC voted unanimously that in controlling the study, RRAC will: rank proposals for 
contracts, review draft deliverables and provide comments, file a progress report, accept as 
completed the final report by contractors, and attach comments to the final report.  The RRAC 
provided comments on the draft scope and directed FDOH staff to proceed further with 
development of a solicitation. 
 
Additional meetings of the RRAC took place on December 02, 2008, when the first progress 
report for the project was discussed; January 5, 2009; February 3, 2009; May 27&28, 2009 
when a workshop on prioritization of technologies for testing was held; July 1, 2009, September 
10, 2009; and December 16, 2009. 
 
FDOH staff presented a status report on August 27, 2008 to the DOH’s Technical Review and 
Advisory Panel (TRAP), which advises the FDOH on onsite sewage rule making and policy per 
381.0068 F.S.  The TRAP voted to approve the project as presented to them and requested 
they be kept informed on the status of this project.  The most recent update occurred at the 
TRAP meetings on August 27, 2009 and January 28, 2010.  DOH’s interim study report was 
sent to the members of TRAP on February 10, 2010. 
 

2.5 Anticipated Progress in Remainder of Fiscal Year 2009/2010 

 
The tasks associated with this project will have a significant amount of work completed prior to 
the end of the 2009-2010 fiscal year.  The following paragraphs describe the anticipated 
progress. 
 
For Task A, the completion of construction of the test facility and beginning of testing are 
anticipated.  The quality assurance project plan outlining details of this sub-project has been 
finalized.   

Deleted: Interim 

Deleted: January 

Deleted: December 

Deleted: 09

Deleted: 328

Deleted: design for the test facility 
has largely been completed and 
bidding,

Deleted:  

Deleted: is currently

Deleted:  being



Draft Final Report March 2010 

 11

 
For Task B, preparations for testing at individual homeowner sites will be dependent on 
anticipated funding for subsequent years.   
 
For Task C, a quality assurance project plan has been completed to outline the monitoring 
framework for field sites.  The monitoring approach takes a three-pronged approach:  detailed 
monitoring, including of the vadose zone, at small-scale drainfields at the test center; detailed 
monitoring of a large drainfield at the test center; monitoring of groundwater plumes at home 
sites. The design for the test facility will be completed and monitoring will commence.  It is 
anticipated home sites will range across the State of Florida, including north Florida, central 
Florida (specifically the Wekiva area), and south Florida to capture diversity in site conditions. 
 
For Task D, a quality assurance project plan will be developed to outline steps required to 
develop a model capable of predicting nitrogen concentrations at a specified location 
downgradient from the wastewater source.  A simple model of nitrogen transport from the 
drainfield through unsaturated soil to the groundwater will be developed.  This model will likely 
use the approach of specifying removal fractions that are dependent on soil conditions and 
effluent quality.  
 
 
3 SUMMARIES OF MAJOR COMPLETED MILESTONES OF STUDY 
 

3.1 Task A Technology Evaluation for Field Testing: Review, Prioritization, and 
Development 

 
A summary of the literature review findings and recommendations for application of nitrogen 
reduction strategies in Florida are provided in this section. Subsequent sections that follow 
include a technology classification scheme to allow comparisons of an array of technologies, a 
ranking scheme to allow relative rankings of technologies based on criteria such as nitrogen 
reduction and treatment performance, system reliability and consistency, complexity of 
operation and maintenance, costs, aesthetics, and stage of development criteria, and a priority 
listing of the technologies for further testing and evaluation.  It should be noted that the weights 
assigned to various criteria, the scores, and the resulting ranking were developed by the 
contractor for the specific purpose within this project: the selection of technologies for field 
testing.  Other purposes might warrant other weighting or scoring approaches. 
 

3.1.1 Literature Review (modified, edited and condensed from Section 6 of literature 
review for Task A) 

 
The goal of the Florida Onsite Sewage Nitrogen Reduction Strategies Study is to develop cost-
effective strategies for nitrogen reduction by OSTDS. This literature review provides a review 
and critical assessment of available literature on nitrogen reduction practices, treatment 
processes and existing technologies that appear suitable for use in individual home and small 
commercial onsite sewage treatment and disposal systems (OSTDS). The review catalogued 
well over 600 papers, proceedings, reports, and manufacturers’ technical materials regarding 
existing and emerging technologies.  
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3.1.1.1 Categories of Nitrogen Reducing Technologies 

 
A variety of nitrogen reducing technologies can be considered for possible Florida OSTDS 
applications.  The technologies differ in availability of data on their effectiveness, stage of 
development, treatment approach and other characteristics. To simplify evaluation and provide 
a framework for further analysis, the available technologies were grouped by the treatment 
processes used to achieve nitrogen reduction. Four major categories were identified: source 
separation, biological nitrification/denitrification, physical/chemical, and “natural systems”. Each 
of these categories was broken down further based on distinct process variations within a group 
(see Figure 3-1). The most prevalent nitrogen reduction processes used for onsite sewage 
treatment were found to be biological nitrification/denitrification and natural systems. Significant 
overlap exists between these two process types.   
 
Biological nitrification/denitrification treatment processes are typically contained in treatment 
vessels, which allow access to observe and modify operation.  
 
“Natural systems” effect treatment from combinations of biochemical processes that occur within 
the soil matrix and vegetative uptake/evapotranspiration.  Conventional onsite sewage 
treatment and disposal systems and constructed wetlands, which are designed based on 
mimicking ecological communities, are also included within this group.  
 
Physical/chemical processes, which do not rely on biological processes, are easier to control 
and are more consistent in treatment achieved, but they require more operator attention and are 
more costly. Originally thought to be more effective for municipal treatment, they were mostly 
abandoned as biological processes became better understood and controlled.  
 
 

 
Figure 3-1.  Categorization of treatment technologies for nitrogen reduction (Figure 4-1 of the 
literature review for Task A) 
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Source separation, on the other hand, is an emerging option for nitrogen removal. A promising 
practice is urine separation and recovery. Urine recovery can remove 70 to 80 percent of 
household generated nitrogen by installing urine separating toilets.  If the infrastructure for urine 
collection and use as fertilizer is developed, this offers an effective, reliable and easy to 
implement option that is low in cost compared to the other identified nitrogen reduction 
technologies. It also provides a readily available source of fertilizer rich in nitrogen and 
phosphorus.  
 

3.1.1.2 Process Performance 

 
Data on the performance of OSTDS technologies are available for most biological 
nitrification/denitrification and natural systems processes. The majority of technologies are 
proprietary, but some public domain designs exist. Two large groupings of biological 
nitrification/denitrification processes are distinguished in these technologies: mixed biomass 
(single stage) and segregated biomass (two stage).  The single stage process is the most 
frequently used process because it relies on organic carbon in the sewage to be the food or 
electron donor during denitrification as opposed to the two stage process, which requires an 
external source of food or electron donor. Nearly all of the treatment technologies designed for 
nitrogen removal can achieve close to 50 percent total nitrogen reduction, but as removal 
requirements increase, fewer technologies are available.  Table 3-1 summarizes the 
performance capabilities. 
 
 
Table 3-1.  Biological Denitrification Processes and Typical Nitrogen Reduction Limits of 
OSTDS (modified Table 5-3 of literature review for Task A) 
 

Biological Denitrification Processes and 
Typical Nitrogen Reduction Limits of OSTDS 

Process 
Mixed Biomass 
(Simultaneous) 

Mixed Biomass 
(with Recycle) 

Segregated Biomass 
(Two Stage) 

Electron 
Donor 

Organic carbon from 
bacterial cells 

Organic carbon from 
influent wastewater 

External electron donor 
(Organic carbon; 
Lignocellulose; Sulfur; 
Iron, Other) 

Typical N 
Reductions 

40 to 65% 45 to 75% 70 – 96% 

Typical 
Technologies 

● Extended aeration 
● Pulse aeration 
● Recirculating media 

filters 
 Sequencing batch 

reactors  
 Reciprocating media 

beds 
 Membrane 

bioreactor 

● Extended aeration with 
recycle back to septic tank 

● Recirculating media beds 
with recycle 
back to septic tank 

● Moving bed 
bioreactor 

 

● Heterotrophic 
suspended growth 

● Heterotrophic packed 
bed fixed film 

● Autotrophic packed 
bed fixed film 
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The single stage process has been shown to achieve high removals of nitrogen in municipal 
wastewater treatment, but for this process the amount of organic carbon reaching the 
denitrification stage in OSTDS appears to be limiting the amount of nitrogen reduction that can 
be achieved. This phenomenon can be seen in the performance of OSTDS that use different 
methods of carbon management in the system. Those nitrogen reducing OSTDS that rely on 
organic carbon released by dying microorganisms in the active biomass of the system typically 
achieve 40-65 percent total nitrogen removal, while OSTDS that regularly recycle nitrified 
wastewater back to the anoxic septic tank to mix with organic carbon present in the raw 
wastewater typically achieve 45-75 percent total nitrogen reduction.   
 
Segregated biomass or two stage processes, which do not rely on organic carbon in the system 
but rather add carbon or other food compounds to the denitrification stage from an external 
source, can achieve nearly complete removal of nitrate by adding carbon into the denitrification 
reactor.  Examples of this approach include two technologies currently in innovative system 
status in Florida, the passive NitrexTM-reactive media and active dosing with Micro CG, both of 
which require nitrifying pretreatment.  Another example is the “bold-and-gold”-media that is 
currently being developed at the University of Central Florida.  A segregated biomass (two 
stage) biological nitrification/ denitrification process would be necessary where strict total 
nitrogen limits require more than 70 percent removal prior to discharge to the drainfield. 
 
Natural systems, which include the traditional OSTDS, also have inherent performance 
limitations.  Application of septic tank effluent to unsaturated soil results in excellent oxygen 
demand (cBOD5) and fecal coliform removals.  Soils with moderate to high hydraulic 
permeability with unsaturated (vadose) zones several feet deep below the system infiltrative 
surface are favored by onsite sewage regulations to achieve such treatment.  Such soils are 
well aerated, which provide efficient and nearly complete nitrification of the influent nitrogen, but 
as a result of the aerobic soil atmosphere, the vadose zone is unable to retain organic carbon.  
This is a reason why nitrogen removals in conventional OSTDS are typically less than 40 
percent.  If aerobic pretreatment and nitrification were to be provided upstream of the infiltration 
system, slowly permeable soils, shallow organic soils, and soils with shallow perched saturated 
zones, which typically are restricted for OSTDS, would favor greater denitrification. Infiltration 
systems, such as mound systems, which could be constructed above the ground surface with 
the soil’s O and A horizons left intact, may provide nitrification through the sand fill and 
denitrification through the organic layers below, if anoxic. 
 
The effect of timed dosing of septic tank effluent on nitrogen reduction appears to be not a 
settled matter.  While the project team proposed in their literature review that such drip dispersal 
could enhance nitrogen reduction because of wetting and drying cycles with alternating aerobic 
and anoxic soil conditions, they assigned the lowest possible score to the nitrogen reduction 
performance of dosed septic systems, and the second lowest score to the performance of a drip 
irrigation system (see Table 3-4 below).  Comments received on drafts of this interim report 
cited studies that did not find an enhancement of nitrogen reduction due to dosing.  In reflecting 
on the cited studies, it appears that an enhancement has more frequently been found in fine-
grained material, such as loam, while case studies that have found no enhancement tended to 
address coarser material such as sand.   
 
Soil infiltration systems, particularly those that use drip dispersal, can also be constructed to 
create large “footprints” parallel to the lot’s contours, which reduce the mass of nitrogen loading 
per square foot of area to avoid unacceptable concentrations in the underlying groundwater. 
Like any of the natural systems though, carbon management is problematic and because the 
discharges are below the ground surface, compliance monitoring is difficult and costly. 
Therefore, OSTDS are usually only favored where strict nitrogen limits are not required.  
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3.1.1.3 Emerging Technologies 

 
Few emerging technologies were identified in the literature.  Most of those that were found have 
been variants to well-established processes.  Others that could be considered new technologies 
for onsite treatment, such as distillation or ion exchange, are early in their development stages 
and are not yet proven effective.  
 
The most promising new technology for consideration in Florida is urine recovery.  This method 
of nitrogen reduction is already practiced in Scandinavia where urine separating toilets are 
commercially available.  Implementation of this method of nitrogen reduction would be highly 
effective and far less costly if the necessary servicing and urine reuse infrastructure could be 
built and public objections to the idea of urine recovery could be overcome or avoided.  In 
addition to ease of use and lower costs, urine recovery also has the added benefit of reducing 
phosphorus discharges.  
 

3.1.1.4 Establishing Nitrogen Reduction Standards 

 
The need for nitrogen reduction is not likely to be the same for all receiving environments. 
Therefore, because most nitrogen reduction options are more costly than traditional OSTDS, 
more complex, and require more attention to operate, the requirements for nitrogen reduction 
should be carefully considered.  The considerations will result in the appropriate treatment 
requirement and the variations around that standard that will be allowed.  Such an analysis 
should also consider the point of the standard’s application.  Several options exist. These 
include the end-of-pipe prior to discharge to the soil, the point below the system where the 
percolate enters the groundwater, at a property boundary, and/or at a point of use, e.g. a well, 
or a surface water. End-of-pipe points of application do not account for further treatment that 
might be attained in the soil.  On the other hand, if the monitoring points are at poorly defined 
locations below the ground surface, compliance monitoring can be more costly and yield 
ambiguous results. 
 

3.1.1.5 Technology Selection 

 
The wide ranges of technological performance capabilities on the one hand and environmental 
sensitivities on the other suggest that appropriate solutions may be site-specific.  The variety of 
available nitrogen reduction technologies and performance capabilities allows selection of a 
system design that can best meet the particular site conditions and nitrogen reduction 
requirements established for the area.  For example, where the density of housing is low and far 
from high value surface or ground waters, natural systems, such as conventional OSTDS, might 
be appropriate.  In poorly drained soils or where the soil underlying the system contains organic 
matter, a component designed to nitrify the wastewater before discharging to the soil could be 
added. In areas where surface waters are not considered threatened, but preventive measures 
are considered prudent, a technology using a mixed biomass nitrification/denitrification process 
that is capable of removing at least 50 percent might be most practical.  In sensitive areas 
where protection of ground and surface waters is a high priority, a two stage 
nitrification/denitrification process could be the only acceptable alternative.  
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3.1.1.6 Management and Enforcement 

 
Implementation of nitrogen reduction technologies will expand the DOH’s monitoring and 
enforcement operations and the owners’ responsibilities toward their systems.  In Florida, a 
regulatory framework for aerobic treatment units and performance-based treatment systems 
already exists that provides a current framework for the management of nitrogen reducing 
technologies.  This can serve as a starting point for further development. 
 
The literature review did not address management in much detail.  At this point in the study it is 
unclear if the current framework in terms of regulation or resources will be sufficient for new 
technologies.  The following are some general concepts about management and enforcement 
from the literature review for Task A. 
 
Thought must be given to how nitrogen reduction standards are to be stated and how 
compliance monitoring is to be performed.  Nitrogen reduction standards may be stated as 
concentration limits or as percent removals.  Nitrogen reduction standards will require water 
quality sampling to confirm compliance.  Alternatively, rather than water quality sampling, 
compliance could be based on proper technology selection with processes that are known to 
meet the desired removal and routine maintenance and/or inspections to ensure the technology 
is functioning as intended.  This latter approach to stating standards would likely be much less 
costly to monitor.  
 
Monitoring of a sample of systems within the watershed rather than individual system monitoring 
to observe the aggregate impact of OSTDS on water resources could also be an effective 
alternative.  Since impacts to watersheds have many sources and are tracked by multiple 
agencies, costs of monitoring could be shared between state and local water quality agencies.  
 
Regardless of the choices made, system performance and maintenance tracking, inspections, 
monitoring and enforcement procedures should be available for deployment prior to permitting 
nitrogen reduction systems.  Needed service provider qualifications and certification programs 
and sufficient service provider capacity also should be developed before widespread nitrogen 
reduction system implementation.  A public awareness program will be needed also.  Without 
these programs, requirements for nitrogen reduction systems are not likely to achieve the 
intended goals.   
 

3.1.2 Technology Classification, Ranking and Prioritization of Technologies for Field 
Testing within this Project 

(modified, edited and condensed based on the report for subtasks A7/8/9) 
 

3.1.2.1 Classification 

The results of the literature review (discussed in Section 3.1.1) led to development of a scheme 
for classifying nitrogen reduction technologies to allow comparisons between the many options 
that are available for use in onsite sewage treatment systems. This scheme consists of four 
categories for classification: source separation, biological treatment via nitrification/ 
denitrification, physical/chemical treatment, and natural systems. In most available onsite 
nitrogen reduction technologies, it is typical that more than one of these processes are operative 
in any given treatment system.  The classification followed largely the pattern developed for the 
literature review (see Figure 3-1).    
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3.1.2.2 Ranking Criteria 

 
A simple numerical ranking system was developed to prioritize available nitrogen reduction 
system categories for testing in this project based on thirteen selected criteria.  Each criterion 
was scored against its particular attribute using a scale ranging from 1 to 5.  To account for 
relative differences in significance of each of the criteria, the criteria were assigned weighting 
factors indicating relative importance compared to the other criteria.  The relative weights of the 
criteria were determined via a two stage process.  First, each criterion was compared to every 
other criterion by the project team prior to the Technology Classification, Ranking and 
Prioritization Workshop and then by the RRAC at the workshop. Second, in order to reconcile 
the differences between the project team and RRAC weights, the weights for each criterion 
were averaged.  Two criteria, construction and operational complexity, were added during the 
RRAC workshop.  During subsequent discussions, RRAC concluded that the weight for energy 
requirements should be the same as for operation and maintenance cost.  Table 3-2 shows the 
final criteria with their weights. 
 
The scoring systems were created with the full knowledge that data would not be universally 
available.  Scores were made using the given criteria and good engineering judgment, based on 
the experience of the team where data was not available.  Data available for classifications or 
groupings of technologies were gathered and reviewed by the project team.  Given the wide 
variety of sources and scales, the resulting score was informed by the data but not necessarily 
based on a particular statistic (such as median or average) of the available data.  In one 
particular way did the criteria depart from the results of the literature review.  While the literature 
review summarized performance as a fraction of nitrogen removed, which accounts for the 
variability of nitrogen concentrations in untreated sewage, the ranking criterion focused on 
effluent concentrations regardless of the nitrogen concentrations in the influent of the treatment 
system.  Table 3-3 illustrates the scoring system for each criterion. 
 
 
Table 3-2.  Ranking criteria and weighting factors to evaluate technologies for testing (Table 3-1 
from classification, ranking, and prioritization report) 
 

Ranking Criteria and Weighting Factors 

Criteria 
Maximum 

Score 
S 

Weighting 
Factor 

W 

Total Possible 
Score 
SxW 

Effluent Nitrogen Concentration 5 11 55 
Performance Reliability  5 10 50 
Performance Consistency 5 9 45 
Construction Cost 5 7.5 37.5 
Operation and Maintenance Cost 5 7 35 
Energy Requirement 5 7 35 
Construction Complexity 5 5 25 
Operation Complexity  5 5  25 
Land Area Required  5 4.5  22.5 
BOD/TSS Effluent Concentration  5 3.5  17.5 
Restoration of Performance  5 3.5  17.5 
System Aesthetics 5 2 10 
Stage of Technology Development 5 0.5 2.5 
  Total: 377.5 
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Table 3-3.  Score assignments for ranking criteria (after Table 4-2 from classification, ranking, 
and prioritization report) 
 

Criteria Scores 
Score Criteria 

Number Criteria 1 2 3 4 5 

1 
Effluent Nitrogen 

Concentration  
(mg-N/L) 

> 30 16 – 30 11 – 15 3 – 10 < 3 

2 
Performance 

Reliability 
Monthly  Quarterly Semi-Annually Annually 

3 
Performance 
Consistency 

Activated Sludge 
Nite/Denite 

IFAS2 MBR/IMB3 Fixed Film 
Physical/ Chemical & 

Source 
Separation 

4 
Construction Cost 

($1,000’s) 3) 
>20 16-20 11-15 5-10 <5 

5 
Operation and 

Maintenance Cost 
($/year) 4) 

>500 401-500 301-400 200-300 <200 

6 
Energy Requirement 

(kW-h/year) 
>2500 1501-2500 1001-1500 500-1000 <500 

7 
Construction 
Complexity 

Complex installation, 
specialized training, 

sophisticated electrical and 
controls knowledge req., 

master septic tank  
contractor 

  

Some 
specialized 

knowledge and 
training required 

  
Simple to install by 

any Contractor 

8 
Operation 

Complexity 

Complex operation with 
operator training 

required;  
Scheduled visits by 

manufacturer's 
representative 

required quarterly 

  

Some specialized 
operator training

required; 
Scheduled visits by

manufacturer's 
representative 

required twice per 
year 

  

Simple operation 
with limited operator 

requirements; 
annual manufacturer's 

representative 
scheduled visit 

9 
Land Area 

Required (ft2) 5) 
>2000 1001-2000 501-1000 250-500 <250 

10 
BOD/TSS 
Effluent 

Concentration (mg/L) 
>50 30/30  20/20 10/10 

11 
Restoration of 
Performance 

Activated Sludge 
Nite/Denite 

IFAS 1) MBR 2) Fixed Film 
Physical/ Chemical 

& Source Separation 

12 
System 

Aesthetics 
Not 

Acceptable 
  

Perceived 
Nuisance/ 

Displeasing 
  Acceptable 

13 
Stage of Tech. 
Development 

Conceptual Experimental Demonstration State Use National Use 

1) Integrated Fixed-Film Activated Sludge 

2) Membrane Bioreactor 

3) Construction cost assumes a standard septic tank cost of $2000 and drainfield cost of $4500 installed. 

4) Operation and maintenance cost includes inspections, annual operating permit fee ($100), and maintenance entity, but it does not include power costs. 

5) Land area is for a new entire system, and assumed standard septic tank 50 SF and drainfield 400 SF. 
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More details on the individual criteria and how their scores were determined can be found in the 
Hazen and Sawyer’s report on Technology Classification, Ranking and Prioritization of 
Technologies.  Comments on the report received by FDOH pointed out that the stage of 
technology development criteria was assigned a very low weight and disagreed with the scoring 
on this item. 
 

3.1.2.3 Ranking Results to Prioritize Systems for Testing 

 
A summary of the individual criterion scores for physical/chemical, biological, natural systems, 
and source separation technology classifications is presented in Tables 3-4 and 3-5.  While the 
tables encompass the full range of possible systems contained in the classification, technology 
classifications that the project team deemed to lack sufficient data to make a criteria ranking 
determination were left blank.  Technologies are summarized in broad categories.  Scores for 
well established technologies reflect typical values from field installations, while scores for more 
experimental technologies tend to suggest the potential for the technology based on more 
controlled tests.  In addition, the ranking of some of the technologies, in particular soil infiltration 
with reactive media, reflects the expectations of the project team extrapolated from other 
technologies more than from actual available data. 
 
The rankings did not include a conventional septic system in which flow to the drainfield occurs 
by gravity.  Such a system is likely to achieve a ranking slightly better than that of a dosed 
drainfield within the natural system category, based on lower construction and lower electrical 
costs, and have the same low score on effluent nitrogen concentration.  It was not included 
separately due to the emphasis on prioritizing modifications and alternative technologies for 
testing during this project. 
 
The top ranked pretreatment or pre-disposal technology classifications for testing (1 & 2) were 
biological systems with two stage segregated biomass employing autotrophic (chemical-fed) 
and heterotrophic (carbon-fed) denitrification.  These systems are passive, expected to require 
little operator attention, and expected to provide high reliability.  The total scores for autotrophic 
and heterotrophic denitrification technologies in two stage segregated biomass systems were 
sufficiently close that they were considered essentially equal.  The third and fourth ranked 
technology classifications were mixed biomass fixed film biological systems with recycle and 
without recycle, respectively.  The total scores for these systems were sufficiently close that 
they were considered essentially equal.  These technology classifications are expected to have 
the stability advantages that are inherent in fixed film processes.  
 
It is important to note that the natural systems should not be quantitatively compared, using 
these ranking criteria, to the groups of biological systems detailed in Table 3.4.  Primary among 
considerations supporting this division of technologies is the need to consider separately the 
elements of each system that performs treatment.  The soil infiltration units utilize the soil’s 
ecology and physical characteristics to perform treatment, and all relevant data measures the 
treatment capacity within the soil to reduce nitrogen.  However, it must be kept in mind that the 
vast majority of biological systems also discharge to the soil.  In order to be able to rank each 
technology fairly, only the nitrogen reduction components were considered.  Moreover, 
management of non-soil based technologies, though more expensive, is simplified because the 
units can be operated effectively to adjust to varying conditions and serviced easily, which may 
not be the case with soil-based nitrogen reduction technologies.  When malfunctions occur with 
soil-based technologies, repairs may be necessary and could lead to expensive reconstruction.  
When the latter is necessary, available land area can become a severe constraint.  Finally, 
while soils provide good treatment over a broad range of conditions, variability of characteristics 
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among soil units can be large, creating significant uncertainty in predicting a soil’s nitrogen 
reduction capacity.  
 
 
Table 3-4.  Project ranking results for pre-disposal treatment technologies based on ranking 
criteria (after Tables 4-3 and 4-5 from classification, ranking, and prioritization report) 
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1 2 3 4 5 6 7 8 9 10 11 12 13 
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Weighting Factor 11.0 10.0 9.0 7.5 7.0 7.0 5.0 5.0 4.5 3.5 3.5 2.0 0.5  

Physical/Chemical 

Membrane Separation                         Not Enough Available Data to Score 

Ion Exchange                         Not Enough Available Data to Score 

Evaporation                         Not Enough Available Data to Score 

Biological 

    Mixed Biomass 

Suspended Growth 3 3 1 2 2 2 3 3 3 4 1 5 5 188.5 

Fixed Film  

    Fixed Film with 

recycle 

2 4 4 2 3 2 3 3 3 5 4 5 5 235.5 

    Fixed Film without  

    recycle 

1 4 4 2 4 3 3 3 3 4 4 5 5 235 

Integrated Fixed Film  

Activated Sludge 

2 3 2 2 2 1 3 3 3 4 2 5 5 183 

   Two Stage 
   (Segregated Biomass) 

 Heterotrophic 

Denitrification 

4 5 4 2 3 2 3 5 3 4 4 5 3 273 

 Autotrophic 

Denitrification 

4 5 4 2 3 2 3 5 3 5 4 5 3 276.5 

Source Separation Systems 

Urine Recovery                                Not Enough Available Data to Score 

Wastes Segregation                                Not Enough Available Data to Score 
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The top ranked “natural system” was soil infiltration with reactive barriers, an approach for which 
the literature review had gathered little information.  The second ranked natural system is 
traditional trench drainfield with timed dosing of septic tank effluent. However, this system 
received the lowest treatment score.  Application of the ranking system to certain kinds of 
natural systems can be misleading from a purely quantitative perspective.  In this instance, the 
score is high because of its passive characteristics and low operating costs, but does not 
address the difficulty of performance monitoring capabilities, the costs associated with 
correcting poor performance, and the low nitrogen treatment. 
 
 
Table3-5.  Project ranking results for “natural system” technologies based on ranking criteria 
(Table 4-5 from classification, ranking, and prioritization report) 
 

Criteria 

1 2 3 4 5 6 7 8 9 10 11 12 13 
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Weighting Factor 11.0 10.0 9.0 7.5 7.0 7.0 5.0 5.0 4.5 3.5 3.5 2.0 0.5  

Natural Systems 

Soil Infiltration 

With dosing 1 5 4 5 4 5 5 5 3 5 4 5 5 305 

With reactive barriers 5 5 4 3 3 5 3 4 5 5 4 5 3 320 

With drip dispersal 2 4 4 4 3 5 3 3 3 5 4 5 5 271.5 

Annamox                                 Not Enough Available Data to Score 

Constructed Wetlands 

Subsurface flow with  

pre-nitrification 

3 5 4 2 4 5 3 3 3 3 3 5 5 274 
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3.1.2.4 Recommendations for Testing 

 
The technology classification ranking provides the basis from which to formulate 
recommendations for the field testing to be conducted in Task B of the Florida Onsite Sewage 
Nitrogen Reduction Strategies Study. It is anticipated that up to 12 technologies can be tested, 
depending on funding and future extensions of the project.  In addition to the ranking scores, the 
criteria used to consider in establishing priorities for testing include representation of several 
technology classifications, nitrogen effluent performance data, similarity of technologies, and 
maturity level of technologies.  The purpose of prioritization was to select the more promising 
technologies that may not have sufficient prior testing or may be differently configured to 
improve performance, and to avoid duplicate testing where substantial experience already 
exists.  The priority list for Task B testing is listed in Table 3.5 and discussed briefly below. 
 
All of the technologies can be employed for new installations.  Most of them (except the source 
separation systems 11 and 12) could possibly be inserted between an existing septic tank and 
existing drainfield in existing systems, if the existing tank is structurally sound and appropriately 
sized.  For systems three and four, a retrofit might involve the addition of pumping and filter  
mechanisms and the installation of a new drainfield.   
 
The two highest priorities for testing are biological systems with two stage segregated biomass 
employing autotrophic (system 1) and heterotrophic (system 2) denitrification. These systems 
are passive and expected to require little operator attention and provide high reliability   
 
The first stage of each is a mixed biomass recirculating biofilter through which nitrification 
occurs. Significant denitrification also occurs due to the recirculation. The biofilters can employ a 
variety of fixed film media, many of which are in current use and are described in the literature 
review.  Passive Nitrogen Reduction System Phase II (PNRS II) testing will provide additional 
data for biofiltration with recycle using clinoptilolite, expanded clay, and polystyrene.  The best 
performing media from PNRS II testing will also be recommended for Task B testing. 
 
The second stage of these hybrid systems will employ autotrophic denitrification and 
heterotrophic denitrification, respectively.  Systems with heterotrophic (carbon addition) 
denitrification are commercially available.  Two such systems, one employing a passive media 
and one employing more active dosing, already have received an innovative system permit in 
Florida.  Treatment media being developed at the University of Central Florida also fall into this 
category of heterotrophic denitrification.  The project team proposes to use sulfur as medium for 
autotrophic denitrification.  This approach will be further evaluated during PNRS II testing, in 
continuation of the column studies performed during PNRS I.  Comments received by FDOH on 
drafts of this report suggest a particular need to evaluate the environmental impact of the end 
products of the autotrophic reactions, such as sulfate. 
 
System 3 is an experimental “natural system” that uses drip dispersal into amended soil of 
settled or secondary effluent.  To enhance denitrification, an in-situ reactive media barrier will be 
constructed below the drip dispersal tubing.  Effluent is dispersed within the root zone and 
percolates downward through the reactive media barrier containing high water retention 
materials such as expanded clay and lignocellulosic or elemental sulfur electron donors to 
support heterotrophic or autotrophic denitrification.  The literature did provide few data on the 
merits of this approach.  The design of this system will be based on the results of PNRS II, in 
which variants of this basic system will be evaluated to determine the design that results in the 
best nitrogen reduction performance.  This system would meet the project definition of passive 
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technology and has the potential to be a low cost in-situ system that can be applied for new 
installations or retrofits.  
 
System 4 is a “natural system” using drip dispersal of settled or secondary effluent into the soil. 
By dosing septic tank effluent into the soil on timed cycles, alternating aerobic and anoxic 
conditions can be created in the soil near each emitter, which may create the necessary 
conditions for nitrification/denitrification to occur.  This intermittent dosing of septic tank effluent 
has been shown by several studies to reduce the total nitrogen that migrates downward from 
the point of application.  Other studies have shown a limited effect, and the performance score 
(see table 3-5) for this approach was relatively low.  This approach has the potential of being a 
relatively low cost modification to conventional system that allows the reuse of wastewater for 
landscape irrigation.  Secondary pretreatment is currently required for drip irrigation in Florida 
and the combination is frequently used in Florida, but a thorough evaluation of the nitrogen 
reduction benefits of drip irrigation is missing.  This approach will also be tested under controlled 
conditions at the PNRS II test facility in direct comparison to a similarly sized system 3 and a 
pressure dosed system. 
 
Systems 5 and 6 are similar to Systems 1 and 2, in that they are hybrid mixed/segregated 
biomass systems with a first stage fixed film bioreactor with or without recycle, followed by a 
heterotrophic (System 5) or autotrophic (System 6) denitrification filter. Systems 5 and 6 expand 
the evaluation of the hybrid mixed/segregated biomass systems over that provided by systems 
1 and 2 alone.  
 
Systems 7 and 8 are IFAS (Integrated Fixed-Film Activated Sludge) systems. They combine 
elements of both fixed film and suspended growth microbial communities, resulting in relatively 
stable treatment processes that achieve more reliable and consistent performance than other 
mixed biomass processes.  Such systems are frequently used as aerobic treatment units in 
Florida.  The performance of one fixed film activated sludge technology (FAST) was previously 
evaluated under controlled conditions in a study in the Florida Keys that helped to establish 
nitrogen treatment standards and has been frequently permitted for nitrogen reduction. 
 
System 9 is a suspended growth system, specifically a Sequencing Batch Reactor (SBR). 
Theoretically, SBR’s should be able to control the loss of carbon better than other mixed 
biomass systems.  While common elsewhere, sequencing batch reactors are largely absent 
from Florida’s advanced systems. 
 
System 10 is a membrane bioreactor (MBR), which combines suspended growth with a 
membrane filtration unit. MBR has been applied for onsite treatment of multifamily residential 
wastewater and is an emerging treatment option for single family home systems.  
 
Systems 11 and 12 are source separation systems. Source separation is an emerging onsite 
wastewater management option and may become increasingly prevalent in the future in keeping 
with needs for sustainability and resource recovery. With regard to nitrogen removal, source 
separation has the potential to be a particularly efficient option since 50 to 75% of household 
waste nitrogen is from urine. Accordingly, separating the waste streams allows for more 
efficient, dedicated treatment options for individual components of the wastewater stream.  
Composting and incinerating toilets can currently be permitted and the statute for the Suwannee 
and Aucilla flood plains treats composting toilets similar to a 50% nitrogen reduction system. 
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Table 3-6.  Recommendations for technologies to be tested at the test center and in field 
installations (after Table 4.7 from classification, ranking, and prioritization report) 
System Technology Project Team Comment Comments on Previous Florida Experience and Testing 

Approach 
1 Two stage (segregated 

biomass) system: 
Stage 1: Biofiltration with 
recycle (nitrification) 
Stage 2: Autotrophic 
denitrification with reactive 
media biofilter 

Top ranked system 
capable of meeting the 
lowest TN concentration 
standard 

-Column experiments performed during PNRS I 
-Further evaluation, including fate of sulfur, planned in 
PNRS II test facility (Task A) 

2 Two stage (segregated 
biomass) system: 
Stage 1: Biofiltration with 
recycle (nitrification) 
Stage 2: Heterotrophic 
denitrification with reactive 
media biofilter 

Top ranked system 
capable of meeting the 
lowest TN concentration 
standard  
 

-Innovative System Permit for Nitrex after biofiltration 
pretreatment, a passive system per project definition 
-Innovative System Permit for Pura-Flo with Micro C-G 
addition, a biofiltration pretreatment with active carbon 
dosing 
-University of Central Florida is developing “bold and gold” 
treatment media and configurations 

3 Natural system: 
Septic tank/Mound with in-situ 
reactive media layer 

Lower cost natural system 
that is untested but 
appears capable of 
achieving 75-78% TN 
removal before reaching 
groundwater  

-Initial evaluation, including fate of sulfur, planned in PNRS 
II test facility (Task A) 

4 Natural system: 
Settled or secondary effluent 
with drip 
dispersal 

Suitable for reducing TN 
impacts on groundwater 
through enhanced TN 
removal and reduced TN 
loading on soil  

-Secondary effluent with drip is frequently used in Florida, 
more performance data needed  
-Secondary pretreatment currently required in Florida for 
drip 
-Evaluation at PNRS II test center in comparison to system 
3 planned 

5 Mixed biomass fixed film 
system with recycle followed 
by a heterotrophic 
denitrification with reactive 
media biofilter 

High performance aerobic 
treatment with anoxia for 
enhanced TN removal 
followed by second stage 
heterotrophic denitrification 
for high nitrogen removal  

See system 2 

6 Mixed biomass fixed film 
system with recycle followed 
by an autotrophic 
denitrification with reactive 
media biofilter 

High performance aerobic 
treatment with anoxia for 
enhanced TN removal 
followed by second stage 
autotrophic denitrification 
for meeting low TN 
concentration standard 

See system 1 

7 Mixed biomass integrated 
fixed film activated sludge 
system: 
with recycle 

High performance aerobic 
treatment 

-w/o recycle, common technology for aerobic treatment units 
(FAST, JET, Bionest) and nitrogen reducing systems 
(FAST) in Florida 
-FAST technology, including internal recycle, evaluated 
during previous Florida Keys test center study, preceding 
establishment of Keys nitrogen treatment standard 

8 Mixed biomass integrated 
fixed film activated sludge 
system: 
Moving bed bioreactor 

High performance aerobic 
treatment with 
simultaneous denitrification 

-Very limited information from innovative system testing of 
one particular technology.   

9 Mixed biomass suspended 
growth system: 
Suspended growth 
sequencing batch reactor 

Aerobic treatment\ Common elsewhere, largely absent in Florida 

10 Membrane process system: 
Membrane bioreactor (MBR)  New for single family residences in Florida 

11 Source separation system: 
Dry toilet (evaporative or 
composting) 

Eliminates liquid disposal 
of toilet wastes 

-Several manufacturers approved based on NSF 
testing/certification 
-Suwannee/Aucilla statute treats this similar to 50% nitrogen 
reduction 

12 Source separation system: 
Urine separating (recovery) 
toilet 

-Innovative system that is 
capable of removing 70-
80% of the household TN 
at little capital cost 
-Provides potential for 
sustainable recovery of 
nutrients 

-Requires different plumbing 
-Need clarification on approval standards 
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3.1.3 Test Facility Selection 

 
Two sites were evaluated by the provider:  the University of South Florida (USF) Lysimeter 
Facility property and the University of Florida’s Gulf Coast Research and Education Center 
(GCREC) near Wimauma, FL.  Salient issues included space availability, site access, 
wastewater source of sufficient quantity and quality, subsurface hydrology, power supply and 
security. 
 
Summary (edited from GCREC memo by Hazen and Sawyer) 
 
Based on the cost and time associated with rehabilitating the USF facility, it has become 
apparent that proceeding with construction of two test facility sites will be costly and time 
consuming.  The current budget in the FOSNRS contract for construction of a test facility at USF 
does not appear to be sufficient for both the rehabilitation work and the testing facility 
construction.  In addition, the USF Lysimeter station can only be used for pilot tests of treatment 
technologies and unsaturated zone work, since the water table is extremely deep at the site 
(>25 ft.) and sufficient area for plume delineation and monitoring is not available.  Management 
of two facilities once operational will also be more difficult and expensive in future phases of the 
project.  
 
At GCREC, the preliminary soils, wastewater (STE) quality, and groundwater assessment 
appear to be conducive to performing the proposed work.  While the flatwoods type soils at the 
site have a shallow groundwater that may be more likely to support in-situ denitrification, the 
soils of the Florida flatwoods land resource area make up approximately 55% of the area of the 
state, or over 60% if the Everglades land resource area is excluded. In contrast, soils of the 
central Florida ridge land resource area make up approximately 17% of the area of the state 
(Ayres Associates, 1987).  Also, a site conducive to in-situ denitrification is desirable from a 
groundwater modeling perspective.  To include denitrification in the models developed in Task 
D, a study site where denitrification can be measured will be more likely to provide the needed 
inputs and calibration data for model development.  If the mechanisms of in-situ denitrification 
can be identified at the site, then the models developed should be able to predict whether such 
denitrification is likely to occur at any given site. Additionally, the individual home field sites for 
Task C will be chosen to include soils of different types, including well drained fine sands typical 
of the central Florida ridge recharge areas, and the models developed will be tested at these 
sites.  
 
Treatment technology pilot testing and both the saturated and unsaturated zone investigations 
could be performed at the GCREC.  Therefore, the Project Team recommendation is to conduct 
all test facility work at the GCREC.  
 

3.1.4 Passive Nitrogen Reduction Study II (Test Center Technology Development and 
Testing)  

 
The purpose of the PNRS II study is to extend and expand into field pilot testing the previous 
experimental studies of the two-stage biofiltration process that were conducted in a previous 
study for the FDOH.  PNRS II will perform field testing of prototype passive nitrogen reduction 
treatment systems using a variety of candidate biofiltration media.  The results of PNRS II may 
be used to develop and implement subsequent evaluations of full-scale systems that will be 
conducted under Task B of this project.  The pilot test systems will consist of various 
configurations of in-tank biofilters and passive in-situ systems.  In-tank systems will primarily 
employ variants of the two-stage biofiltration concepts elucidated in PNRS I.  In-situ technology 
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evaluation will include a drip irrigation system for effluent dosing, with emitters located in 
shallow root zones.   
 
Two-stage biofiltration evaluation 
Candidate media for evaluation in Stage 1 (unsaturated) biofilters and Stage 2 (saturated) 
biofilters are listed in Tables 3-6 and 3-7, with physical properties and their sources.  Included 
are media with high water retention and porosity.  Stage 1 media includes expanded clay and 
clinoptilolite. These have greater than 45% porosity and high water retention.  Clinoptilolite also 
contains high ion exchange capacity to retain ammonia ions for enhanced ammonia removal 
under non-steady flows and higher loading rates. Livlite is an expanded clay with high water 
retention characteristics.  Expanded polystyrene is a very lightweight, readily available, and low 
cost material that appears to be quite suitable as a biofilter media for aerobic treatment.  
 
The Stage 2 anticipated electron donor media are: elemental sulfur, which will result in an 
autotrophic denitrification process in the anoxic biofilter; lignocellulosic materials, such as 
woodchips, which support heterotrophic denitrification; and glycerol, a readily available carbon 
source for heterotrophic denitrification.  
 
Crushed oyster shell or sodium sesquicarbonate will be used as alkalinity sources in sulfur-
based denitrification biofilters, as autotrophic sulfur-based denitrification will consume alkalinity. 
Expanded shale may be included as a Stage 2 option for its anion exchange capacity to 
enhance nitrate removal performance.  Comments received by the department on the interim 
report suggested that the use of oyster shells in wastewater applications needs to be balanced 
with the need to return oyster shells to oyster beds in Florida to ensure their continued 
productivity. 
 
The biofilter systems will be operated over a twelve month period, dependent on additional 
funding, during which eight monitoring events will be conducted. A detailed description of 
analyses is included in the quality assurance project plan (QAPP) document.  As outlined in 
QAPP Table A.1, there are 42 sampling points and a monitoring analyses structure that 
employs four analytical tiers. 
 
Experimental in-situ simulators 
In-situ testing will be conducted using in-situ simulators as shown in Figure 3-3.  The simulators 
will consist of subsurface drip irrigation application to the root zone of surface vegetation, 
followed by downward transport through a 12-inch layer of filter sand.  Underlying the filter sand 
is a 12-inch layer of engineered media containing electron donor, which is in turn underlain by 
natural soil.  The test matrix consists of subsurface drip irrigation emitter dosing of primary 
effluent (i.e. septic tank effluent) or nitrified effluent into the root zone of St. Augustine grass.  
Other than the pumping of effluent by subsurface irrigation, the in-situ simulators are completely 
passive systems.  An innovative feature of the in-situ simulator design is the use of mixed media 
in unsaturated mode that contains both a high water retention media (expanded clay) and 
heterotrophic and autotrophic electron donors.  This potential for unsaturated in-situ treatment 
systems, including plant-assisted nitrogen transformations, has not been examined in Florida 
with innovative systems of this type but is of potentially high significance.  
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Table 3-7.  Materials for Stage 1 Filters (Table 3.3 of PNRS II QAPP) 

 
 
Table 3-8.  Stage 2 Saturated Denitrification Biofilter Material, Configuration and Initial 
Operation (Table 3.6 in PNRS II QAPP) 
 

No. Electron Donor Biofilter 

Media 

Composition 

(by volume) 

Initial Surface 

Loading 

Rate, 

gal/day-ft2 

Stage 1  

Filter 

(Table 3-6) 

11  DENIT-SU-1  
80% SU 

20% OS 
10.0 2,4,6,8 

21  DENIT-SU-2  
80% SU 

20% NS 
10.0 2,4,6,8 

32  DENIT-SU-3  
80% SU 

20% OS 
4.7 1 

42 

Elemental 

sulfur 

DENIT-SU-4 
80% SU 

20% NS 
4.7 7 

51  DENIT-LS-1  
70% LS 

30% EC 
10.0 2,4,6,8 

62  DENIT-LS-2  
70% LS 

30% EC 
4.7 3 

72  DENIT-LS-3  
50% LS 

60% EC 
4.7 5 

82 

 Lignocellulosic  

  

 

 DENIT-LS-4  
30% LS 

70% EC 
4.7 9 

91 Glycerol DENIT-GL-1 100% EC 10 2,4,6,8 

SU: elemental sulfur, LS: lignocellulosic, GL: glycerol, OS: oyster shell, NS: sodium sesquicarbonate,  
EC: expanded clay 
1. Fed from common Stage 1 effluent collection tank 
2. Directly connected to Stage 1 unsaturated biofilter 
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Figure 3-2.  Conceptual drawing of in-situ simulators with engineered nitrogen reduction media (Figure 3-
2. of Task A QAPP) 
 
 

3.2 Task C  Evaluation of Nitrogen Reduction in Soil and Shallow Groundwater  

 

3.2.1 Literature Review (edited from conclusions of the literature review for Task C) 

 
The literature review revealed numerous factors that may influence nitrogen impacts to 
groundwater resulting from the use of OSTDS. Transport and fate processes that are present in 
the OSTDS, vadose zone, and saturated zone all will influence the extent of nitrogen impacts to 
groundwater. Furthermore, these factors, along with factors related to groundwater/surface 
water interactions, will also determine if nearby surface water bodies are adversely affected. In 
doing site assessments, it is therefore important to develop sampling plans that can collect data 
for a majority of the factors described in the literature. Also, predictive efforts and efforts aimed 
at reduction of impacts should also consider the findings of the literature review. A brief 
summary of important points is as follows:  

 Some studies identified lot size and location of water supply wells in relation to OSTDS 
as important factors in determining nitrate contamination to groundwater.  

 OSTDS loading rates can significantly impact the performance of the soil and ultimately 
nitrogen concentrations in the aquifer.  

 In certain cases, water table fluctuations may be a larger factor than the loading rate of 
nitrogen on the overall OSTDS performance.  

 Nitrogen reduction in the vadose zone is an important determining factor for nitrate 
concentrations in the groundwater. This is a complex process dependent on numerous 
factors that need to be studied in depth.  

 Nitrification can be influenced by soil type and appropriate loading of an OSTDS. Some 
literature indicates that coarse-textured strongly-aggregated soils favor nitrification while 
finer textured soils lead to the development of anaerobic conditions and inhibit the 
process.  

 Sandy soil aquifers are particularly susceptible to nitrate contamination, particularly in 
the case of low carbon content aquifers with relatively high groundwater velocities. In 
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these cases, high concentrations and large areas of impact may be expected due to the 
lack of transformation and the distance nitrate can travel in a short time period.   

 Denitrification occurs largely in anoxic soils and groundwaters with adequate carbon 
sources. In the soil column, denitrification may occur in systems with high or fluctuating 
water tables that allow the creation of anoxic conditions, providing the organic carbon 
content of the soil is adequate. In groundwater, dilution is often seen as the dominant 
mechanism for the reduction of nitrate, although some studies identify denitrification as 
the dominant factor. This is highly dependent on site-specific characteristics.  

 Denitrification, while being a well-understood process, is poorly quantified and not 
correlated with other site characteristics, especially when considering the saturated 
zone. This should be a significant topic of further study.  

 Some studies identified the relatively high denitrification capacity of river bed sediments, 
particularly if they contained high levels of organic carbon. This is especially relevant if 
the protection of adjacent surface water bodies is a key concern.  

 
The literature review suggests reductions in groundwater nitrogen impacts associated with 
OSTDS are achievable with a few steps.  Nitrate is highly mobile in groundwater and the only 
significant method of natural attenuation is denitrification, a process that the review indicates is 
not always present in natural aquifers (however, it should be noted that saturated zone 
denitrification can be enhanced with amendments as a potential treatment process).  Therefore, 
reduction of nitrate contamination may be most efficiently approached in the design and 
installation processes when considering OSTDS as a treatment alternative. Appropriate land 
planning and density of OSTDS in new developments is a first step.  OSTDS should be placed 
to maintain a protective distance for downgradient groundwater and surface water resources.  
Additionally, recognizing the importance of dilution for nitrate concentration reductions, 
appropriate lot size should be in the design to allow adequate dilution from recharge water.  
Within the design of OSTDS, appropriate loading rates and an understanding of OSTDS effluent 
can achieve lower levels of nitrogen entering the subsurface environment.  
 
Additionally, the review indicates the performance value of appropriate treatment units can 
improve effluent quality by reducing nitrogen prior to infiltration. Additional optimization can be 
achieved by a thorough understanding of site characteristics and how these may influence 
OSTDS performance and ultimately nitrogen concentrations in groundwater.  Certain water 
table conditions, soil types, and other subsurface characteristics, such as pH or temperature, 
can have an effect on the treatment ability of OSTDS by varying oxygen content and redox 
conditions. If detrimental conditions are seen at a site being considered for OSTDS, other 
methods of wastewater treatment may be appropriate.  This can also be true for areas identified 
as “high-risk,” such as areas adjacent to a protected water body. Alternatively, it may be 
possible to amend the site conditions or use an effluent pre-treatment method to improve 
OSTDS performance.  Future work may be needed to examine the data in such studies and 
make attempts to correlate hydraulic and reactive parameters to observed nitrogen impacts.  
 

3.2.2 Quality Assurance Project Plan (QAPP) for Field Work for Task C 

 
A three-pronged approach is anticipated for the field work. 
 
Detailed monitoring, including of the vadose zone, under very controlled conditions will be 
performed to obtain a side-by-side comparison of drip and low-pressure dosed drainfields that 
are loaded with either nitrified or septic tank effluent.  The in-situ simulators from Task A will be 
monitored in the same way.  Table 3-8 shows the experimental design, and Figure 3-4 shows 
the cross section of the anticipated drainfields and their monitoring equipment. 
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Monitoring of a test center effluent plume in groundwater will be initially performed at a large 
mound on the test center.  The test center provides somewhat controlled conditions and the size 
of the mound will make it easier to find the plume and gather insights on the effects of size.  
Elements of the groundwater monitoring are outlined in Table 3-9.  The monitoring will extend 
for a year to capture seasonal variability.  The location at the test center where monitoring will 
take place is shown in Figure 3-5. 
 
Monitoring of effluent plumes in groundwater at individual home sites will utilize the same 
methodology as the monitoring of the mound at the test center.  It is anticipated that home sites 
will range across the State of Florida, including north Florida, central Florida (specifically the 
Wekiva area), and south Florida to capture diversity in site conditions.  The monitoring will 
extend for a year to capture seasonal variability. 
 
Table 3-9.  Experimental design of soil and shallow groundwater monitoring (Table 2.2 of Task 
C QAPP) 

Test 
Area ID 

Effluent Quality 
Design Hydraulic 

Loading Rate 
(gpd/ft2) 

Soil Treatment Unit Design 

TA1 STE (septic tank effluent) 0.8 pressure dosed mound 

TA2 STE 0.8 Shallow drip dispersal 

TA3 nitrified effluent 0.8 pressure dosed mound 

TA4 nitrified effluent 0.8 Shallow drip dispersal 

TA5 
in situ nitrified effluent  

(Task A) 
from  

PNRS II pilots 
mounded drip dispersal over 

denitrification media 

TA6 
in situ STE effluent  

(Task A) 
from  

PNRS II pilots 
mounded drip dispersal over 

denitrification media 

 
 

 
Figure 3-3.  Conceptual cross sections of drainfields to evaluate soil nitrogen reduction (Figure 
2-2 of Task C QAPP) 
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Table 3-10.  Proposed steps in monitoring the effluent plume of an OSTDS (Table 2-3 of Task C 
QAPP) 
 

 
 
 

Deleted: Interim 

Deleted: January 



Draft Final Report March 2010 

 32

 
 
 
Figure 3-4.  Outlay of the groundwater monitoring area at the test center.  (Appendix B of Task 
C  QAPP) 
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3.3 Task D, Nitrogen Fate and Transport Modeling 

(edited from conclusions of the draft literature review for Task D) 
 
A review of the literature, the conceptual understanding of the transport of nitrogen as related to 
OSTDS, and the goals of the project are all taken into consideration when beginning to describe 
the tool that will be developed. From this, several conclusions and some suggestions for the 
modeling tool can be developed.  The literature review was intended to identify the state-of-
knowledge of nitrate fate and transport modeling, identify past models that may provide good 
templates for the model developed by the FOSNRS Study, and assist in identifying key 
parameters and processes that need to be represented in a predictive tool. 
 
As with any model development project, the appropriate approach can depend on numerous 
factors. When conceptualizing a model, several key questions need to be posed, such as: 
● Will this model be constructed to represent a specific site of interest or be a predictive  
 tool with broad applicability to a variety of sites? 
● What is the desired output? 
● What is the most appropriate method of calculating the output? 
● Will this model require calibration to existing data sets? 
● What, if any, regulatory requirements constrain the model choice? 
 
The modeling tool that is being developed to simulate nitrate fate and transport will require 
certain features, some of which include: 
● Ease-of-use; 
● Ability to simulate time-variable OWTS inputs; 
● Simulation of transport and fate in both the vadose zone and saturated zones; 
● Representation of the numerous advective-dispersive and transformative processes that 

affect nitrate transport; 
● Simulation of temporal and spatial concentrations and mass loading downgradient of the  
 source; 
● Include the impacts of seasonal rainfall variation on the source function; and 
● Incorporate critical OWTS operating characteristics that strongly influence nitrogen  
 reduction. 
 
Based on the above questions and objectives, many conclusions about the models and model 
types in the research summary can be made.  No simple model (analytical or mass-balance) 
identified in the literature can currently achieve all of the above-described goals.  Also, 
numerical models are generally not considered a useful tool for system design or regulatory 
compliance where broad applicability is desired.  Thus, development of a new modeling tool is 
likely required and rigorous numerical modeling may be needed as a first step to determine the 
most important parameters to include. 
 
A strictly mass-balance modeling approach will likely be inappropriate, as it either does not 
consider the known physical processes that influence nitrate transport or makes simplifying 
assumptions about these processes. Furthermore, the output will not satisfy the objectives of 
the model (time-variable estimations of concentrations at specific spatial points). Nonetheless, 
these approaches have value in the conceptualization of model inputs and should not be 
ignored.  
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Transfer function models have not been widely applied and will likely encounter regulatory 
resistance, since they are based strictly on probabilities and do not directly consider measured 
site characteristics.  
 
Both analytical and numerical modeling methods are the most promising approaches when 
considering the FOSNRS Study model to be developed. These approaches will have wide 
applicability, regulatory acceptance, and are capable of estimating the important 
hydrogeochemical properties associated with nitrate fate and transport. 
 
The modeling tool will need to consider transport and transformation (chemical and physical) in 
the vadose zone, because the nitrogen transformations that occur in this zone have 
considerable influence on the mass-flux input into the underlying aquifer. This can be a 
numerical one-dimensional solution of the Richards’ Equation. A one-dimensional formulation 
can likely be implemented in a spreadsheet. Additionally, the modeling will need to consider 
temporally and spatially variable inputs for multiple OSTDS, as would be found in a community 
development. This could be addressed through a series of one-dimensional vadose zone 
models that could provide input to a multi-dimensional groundwater flow and transport model. 
Both of these studies use the horizontal plane source model or some variation and are also 
capable of transient simulations. However, the models likely will not be capable of interacting 
with each other in the vadose zone (i.e., strictly vertical flow is assumed). Nonetheless, the 
value of including these model features is important when simulating the aerial distribution of 
OSTDS in a potential housing development and the temporal variation of source input due to 
changes in wastewater input rate and precipitation recharge. These combined models can likely 
be implemented in a spreadsheet or using Fortran or C++ programming while maintaining 
simple and straight-forward input requirements. Of course, no similar model is available to our 
knowledge, so considerable model research and development must be achieved by this project.  
 
The literature review has suggested the most likely processes and parameters that will need to 
be considered when developing the modeling tool. The fate and transport of nitrogen products is 
a result of advective movement, retardation via adsorption, and the transformative processes of 
nitrification and denitrification. These processes are to be calculated in the model tool via the 
solutions of the appropriate equations using the necessary parameters, described below. Key 
parameters to consider for simulation should consist of: 
● Physical parameters of the media, such as bulk density, water content, and soil  
 characteristics; 
● Advective-dispersive parameters, such as hydraulic conductivity, hydraulic gradient,  
 porosity (or groundwater velocities), and dispersivity values; 
● Retardation factor values for ammonium sorption; and 
● Rate coefficients for transformative reactions, typically first-order rate constants 
 
A majority of the parameter values needed for model input can be collected during site 
characterization. In a previous study by members of this project team cumulative frequency 
distributions (CFD’s) were utilized for the estimation of initial parameter values from literature 
values.  This approach results in an uncertain model output where the degree of uncertainty 
must be quantified.  Even if site-specific values are obtained, uncertainty from measurement 
and subsurface variability remains. 
 
Additionally, many analytical models were found in the literature review (nitrate-specific and 
general analytical solutions) that are appropriate for the modeling tool, since these can be 
programmed into a spreadsheet and can be user-friendly. 
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4 CONCLUSIONS AND RECOMMENDATIONS 
 
The objective of the Florida Onsite Sewage Nitrogen Reduction Strategies Study is to examine 
nitrogen reduction strategies and technologies for onsite sewage treatment and disposal 
systems (“OSTDS” also known as “septic tanks”) in the State of Florida.  FDOH and its 
Research Review and Advisory Committee (RRAC), with input from the general public, selected 
a contractor based on the direction given by the Legislature in the 2008 budget proviso and 
awarded the contract to a Project Team led by Hazen and Sawyer, P.C., in January of 2009.  
The contract was based upon an anticipated budget of $5 million over a 3 – 5 year project 
timeframe.  The contract divides the project into the following tasks. 
 
Task A – Technology Evaluation for Field Testing: Review, Prioritization, and 
Development:  This task includes literature review, technology evaluation, prioritization of 
technologies to be examined during field testing, and further experimentation with approaches 
tested in a previous FDOH passive nitrogen removal study.  Objectives of this task are to 
prioritize technologies for testing at actual home sites and to perform controlled tests at a test 
center to develop design criteria for new passive nitrogen reduction systems. 
 
Task B – Field Testing of Technologies and Cost Documentation:  This task includes 
installation of top ranked nitrogen reduction technologies at actual homes, with documentation 
of their performance and cost. 
 
Task C – Evaluation of Nitrogen Reduction Provided by Soils and Shallow Groundwater:  
This task includes several field evaluations of nitrogen reduction in Florida soils and shallow 
groundwater and also will provide data for the development of a simple planning model in Task 
D. 
 
Task D – Nitrogen Fate and Transport Modeling:  The objective of this task is to develop a 
simple fate and transport model of nitrogen from OSTDS that can be used for assessment, 
planning and siting of OSTDS. 
 
PROJECT STATUS:  Funding for the first phase of this project has been appropriated.  
As of December 2009, the contractor, in coordination with the RRAC and FDOH, had 
successfully completed parts of Task A, C, and D described above, including literature reviews, 
ranking of nitrogen reduction technologies for field testing, design and initial construction of a 
test facility for effluent plume monitoring and further development of passive technologies, and 
preparation of quality assurance documents for the groundwater monitoring and test facility 
work to be completed during the fiscal year 2010-2011.  Completion of a test center for the 
evaluation of nitrogen reduction techniques and preparation for field sampling is planned for 
later in the fiscal year 2009-2010.  Sampling and reporting of results would continue through 
subsequent years.  Funding for fiscal year 2010-2011 is required to field-test the ranked 
technologies.  Field-testing of technologies at home sites (Task B) is on hold pending future 
funding.  
 
Anticipated Progress in 2010/2011: During the 2010-2011 fiscal year, the tasks 
associated with this project are anticipated to include a significant amount of treatment and 
monitoring system installation and sampling.  For Task A, the test facility will have been installed 
and pilot testing will continue for various passive nitrogen removal technologies.  For Task B, 
several onsite systems will be installed at home locations throughout the State of Florida, and 
monitoring of the performance of these systems in the field will begin.  For Task C, 
instrumentation of home sites that have been selected to evaluate nitrogen movement in the soil 
and groundwater will occur and monitoring will begin.  The installation of a facility to allow side-
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by-side evaluation of multiple drainfield configurations and the resulting nitrogen groundwater 
fate and transport in a common environment will have been completed and monitoring will 
continue.  For Task D, an initial simple model will have been developed, and more complex 
models that allow evaluation of multiple OSTDS, such as on a development scale, will be 
developed.  An alternative, more complex soil transport model that incorporates a more detailed 
analysis of transport through unsaturated soil will be developed and integrated with the 
groundwater transport models.  These models will in subsequent years be compared to the data 
obtained during this project. 
 
Funding Needs:   Activities in fiscal years 2008-2010 prepared the framework for rapid 
implementation of a field sampling program in fiscal year 2010-2011.  Funding for fiscal year 
2010-2011 is required to reap the benefits of this preparation.  The remaining years of the 
project still require funding in order to complete the goals of this project.  For the 2010-2011 
budget year $2-million dollars is required to fund the continuation of this study. 
 
Project Tasks (described above) are broken down further into funding phases as follows: 
 
Initial Funding in 2008-2010 (Phase I):  Approximately $900,000 already appropriated (in 2008 
and 2009 state budgets, see Section 1 of the report) – status:  largely complete.  The initial 
funding, as noted in the project status above, has been targeted to prioritize systems for testing, 
summarize existing knowledge, develop testing protocols, and establish a test facility for 
detailed soil and groundwater monitoring and preliminary testing of pilot scale passive nitrogen 
reduction systems. 
 
Funding in 2010/2011:  At least $2 million will need to be appropriated during the 2010 
legislative session to adequately fund the next phase of the project, primarily for field monitoring 
over at least a one-year monitoring period of performance and cost of technologies at home 
sites, and of nitrogen fate and transport.  This funding also will continue the development and 
monitoring work at the test facility, and of modeling. 
 
Future Funding:  Future funding will be needed from the 2011 legislative session to complete 
monitoring and other field activities, additional testing as deemed appropriate by the Legislature, 
and final reporting with recommendations on onsite sewage nitrogen reduction strategies for 
Florida’s future.  
 
The results of this project will help characterize and refine strategies for cost-effective nitrogen 
reduction from onsite sewage treatment systems that will protect our environment, as well as, 
provide cost effective options for citizens of this state.   
 
Recommendations 
 
While the technology evaluations are ongoing, the information to date appears sufficient to 
consider recommendations to address the following issues:  

 
 in nitrogen sensitive areas, requiring lower sewage system densities or better 

treatment than currently allowed.  For example, the current allowances for lots 
platted before 1972 provide for approximately five houses per acre for parcels served 
by private wells and eight houses per acre for parcels served by public water 
systems.    

 
 allowing the use of performance-based treatment systems for establishments other 

than single family residences without the need for a variance. 
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 developing regulations for entities that operate and maintain shared treatment 

systems (clusters) treating sewage flows within the department’s jurisdiction and/or 
serving an establishment on multiple parcels.  This should include requirements for 
financial assurance, obligations of property owners, and rate setting. 

 
 identifying funding and cost sharing mechanisms to implement inspection, 

maintenance or upgrade programs to existing onsite sewage systems 
 

 establishing a task force for the study and development of water quality 
requirements, performance, approval, operation, maintenance and inspection 
standards for wastewater reuse treatment and waste separation systems, including 
those that would be constructed within buildings, and delineating the jurisdictional 
boundaries between the Building Authorities and the Department of Health for such 
systems. 

  
 
The FDOH and its Research Review and Advisory Committee recommend the legislature: 

 Provide funding and budget authority to the FDOH in the amount of $2 million for the 
fiscal year 2010-2011 for continuation of the contract and associated tasks. 

 Allow the FDOH to carry over any remaining funds from fiscal year 2009-2010 into 2010-
2011. 

 
Continued support for this project will ultimately benefit Florida’s onsite system owners and will 
improve environmental and public health protection. 
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FLORIDA DEPARTMENT OF HEALTH 
ONSITE NITROGEN REDUCTION STRATEGIES STUDY 

 
PROGRESS REPORT NO. 7 

(JANUARY, 2010) 
Task Task Status Activity this Period Technical, Schedule, or 

Budget Problems 
Encountered

Recommended 
Methods to Resolve 

Problems
Task A – Technology Evaluation for Field Testing: Review, Prioritization, and Development
Task A.1, Draft 
Literature Review 
Report 

Task 
Complete 

Draft literature review report completed on 
May 19, 2009.  

None N/A

Task A.2, Final 
Literature Review 
Report 

Task 
Complete 

Final literature review report completed on 
June 30, 2009. Revised Final report submitted 
on September 4, 2009.

None N/A

Task A.3, Draft 
Classification of 
Technologies Report 

Task 
Complete 

Draft Classification, Ranking and 
Prioritization report completed on May 19, 
2009.

None N/A

Task A.4, Draft 
Technology Ranking 
Criteria Report 

Task 
Complete 

Draft Classification, Ranking and 
Prioritization report completed on May 19, 
2009.

None N/A

Task A.5, Draft 
Priority List for 
Testing Report 

Task 
Complete 

Draft Prioritization report completed on June 
30, 2009. 

None N/A

Task A.6, Technology 
Classification, 
Ranking and 
Prioritization 
Workshop 

Task 
Complete 

Workshop presentation materials were 
developed. Workshop was conducted on May 
28, 2009.   

None N/A

Task A.7, Final 
Classification of 
Technologies Report 

Task 
Complete 

Final Classification, Ranking and 
Prioritization report completed on September 
24, 2009

None N/A

Task A.8, Final 
Technology Ranking 
Criteria Report 

Task 
Complete 

Final Classification, Ranking and 
Prioritization report completed on September 
24, 2009

None N/A



Task Task Status Activity this Period Technical, Schedule, or 
Budget Problems 

Encountered

Recommended 
Methods to Resolve 

Problems
Task A.9, Final 
Priority List for 
Testing Report 

Task 
Complete 

Final Classification, Ranking and 
Prioritization report completed on September 
24, 2009

None N/A

Task A.10, Draft 
Innovative Systems 
Applications Reports 

On hold No activity N/A N/A

Task A.12, 
Identification of Test 
Facility Sites 

Task 
Complete 

USF Lysimeter Station – A general 
assessment of lysimeter station rehabilitation 
needs has been determined and is summarized 
in a memorandum completed on June 18, 
2009. 
 
UF Gulf Coast Research and Education 
Center – We have a preliminary agreement 
from GCREC to participate.  A summary of 
the site conditions and recommendations was 
sent to Elke and distributed May 19, 2009.  
On May 28, 2009 the RRAC voted to use the 
GCREC facility site as the only test facility 
site. Draft agreement submitted to GCREC on 
June 8, 2009, and returned to FDOH July 31, 
2009 with revisions.  Comments from review 
by FDOH received November 11, 2009.  
Draft letter of authorization for GCREC sent 
February 2, 2010 to FDOH. 
 

Lysimeter station 
rehabilitation costs alone are 
likely to be in excess of 
$60,000, which exceed the 
total construction budget for 
the Task A test facility.   

We are recommending 
consolidating our 
activities to one test 
facility.  We 
recommended to 
conduct all test facility 
activities at this site 

Task A.13, Draft 
QAPP PNRS II 

Task 
Complete 

Draft QAPP for PNRS II report completed on 
June 18, 2009.

None N/A

Task A.14, 
Recommendation for 
Process Forward 
Meeting 

Underway Recommendation for Process Forward 
meeting held on October 13, 2009.  Task will 
be considered complete upon completion of 
contract amendment. 
 

N/A N/A



Task Task Status Activity this Period Technical, Schedule, or 
Budget Problems 

Encountered

Recommended 
Methods to Resolve 

Problems
Task A.15, Final 
QAPP PNRS II 

Task 
Complete 

Final QAPP for PNRS II report completed on 
November 24, 2009. 
 

None N/A

Task A.16 Materials 
Testing for FDOH 
Additives Rule 

Not started No activity N/A N/A

Task A.17, PNRS 
Specification Reports 

Underway Specification report I has been started. 
 

N/A N/A

Task A.18, Test 
Facility Design 50% 

Task 
Complete 

50% revised Design Drawings completed on 
September 4, 2009

None N/A

Task A.19, Test 
Facility Design 100% 

Task 
Complete 

100% Design Drawings completed on 
December 31, 2009

None N/A

Task A.20 PNRS II 
Test Facility 
Construction Support 
& Administration 

Not started No activity N/A N/A

Task A.21 PNRS II 
Test Facility 
Construction 50% 

Not started No activity N/A N/A

Task A.22 PNRS II 
Test Facility 
Construction 100% 

Not started No activity N/A N/A

Task A.23 PNRS II 
Test Facility 
Construction 
Substantial 
Completion 

Not started No activity N/A N/A

Task A.24 PNRS II 
Test Facility Accept 
Construction  

Not started No activity N/A N/A

Task A.25 Monitoring 
& Sample Event 
Reports 

Not started No activity N/A N/A



Task Task Status Activity this Period Technical, Schedule, or 
Budget Problems 

Encountered

Recommended 
Methods to Resolve 

Problems
Task A.26 Data 
Summary Reports  

Not started No activity N/A N/A

Task B – Field Testing of Technologies and Cost Documentation
 
Task B.1, 
Identification of Home 
Sites 

On hold Several home sites in Manasota Key have 
been visited to perform preliminary evaluation 
of sites with homeowners interested in the 
project.  

None N/A

Task B.2, Vendor 
Agreement Reports 

Not started No activity N/A N/A

Task B.3, Draft QAPP 
for Field Testing 

On hold No activity None N/A

Task B.4, 
Recommendation for 
Process Forward 
Meeting 

Not started No activity
 

None N/A

Task B.5, Final QAPP 
Field Testing 
 

Not started No activity N/A N/A

Task B.11, LCCA 
Template Report 
 

Not started No activity N/A N/A

Task C – Evaluation of Nitrogen Reduction Provided by Soils and Shallow Groundwater 
 
Task C.1, Draft 
Literature Review on 
Nitrogen Reduction in 
Soils & Shallow GW 
Report 

Task 
Complete 

Draft Literature Review on nitrogen reduction 
in soils and shallow groundwater report was 
completed on June 30, 2009. 

None N/A



Task Task Status Activity this Period Technical, Schedule, or 
Budget Problems 

Encountered

Recommended 
Methods to Resolve 

Problems
Task C.2, Final 
Literature Review on 
Nitrogen Reduction in 
Soils & Shallow GW 
Report 

Underway Final Literature Review on nitrogen reduction 
in soils and shallow groundwater report was 
completed on November 24, 2009. 

None N/A

Task C.3, Draft QAPP 
Evaluation of Nitrogen 
Reduction Provided by 
Soils & Shallow GW 

Underway Draft QAPP on nitrogen reduction in soils and 
shallow groundwater report was completed on 
October 30, 2009. 

None N/A

Task C.4, 
Recommendation for 
Process Forward 
Meeting 

Not started Conference call meeting was held on 
November 23, 2009. Meeting minutes 
submitted on November 25, 2009 served as 
half of the deliverable. Task will be complete 
upon completion of contract amendment. 
 

N/A N/A

Task C.5, Final QAPP 
Evaluation of Nitrogen 
Reduction Provided by 
Soils & Shallow GW 

Not Started Final QAPP on nitrogen reduction in soils and 
shallow groundwater report was submitted on 
December 4, 2009. Determined to be 80% 
complete on December 23, 2009. Additions 
are currently underway.

N/A N/A

Task C.6, S&GW Test 
Facility Design 50% 

Task 
Complete 

Test Facility Design 50% drawings were 
completed on June 30, 2009. 
 

None N/A

Task C.7, S&GW Test 
Facility Design 100% 

Task 
Complete 

100% Design Drawings submitted on 
December 31, 2009 
 

None N/A

Task C.8, S&GW Test 
Facility Design Final 

Underway Revisions are underway per comments 
received. 
 

None N/A

Task C.9, S&GW Test 
Facility Construction 
Support & 
Administration 

Not started No activity N/A N/A



Task Task Status Activity this Period Technical, Schedule, or 
Budget Problems 

Encountered

Recommended 
Methods to Resolve 

Problems
Task C.10, S&GW 
Test Facility 
Construction 50% 

Not started No activity N/A N/A

Task C.11, S&GW 
Test Facility 
Construction 100% 

Not started No activity N/A N/A

Task C.12, S&GW 
Test Facility 
Construction 
Substantial 
Completion 

Not started No activity N/A N/A

Task C.13, S&GW 
Test Facility Accept 
Construction  

Not started No activity N/A N/A

Task C.14, Soils & 
Hydrogeologic  & 
Monitoring Plan for 
S&GW Test Facility  

Not started No activity N/A N/A

Task C.15, Tracer 
Testing at GCREC  

Not started No activity N/A N/A

C.20 Instrumentation 
of GCREC Mound 
System 

Underway Planning and scheduling of fieldwork has 
started.  

N/A N/A

Task D – Nitrogen Fate and Transport Modeling
 
Task D.1, Draft 
Literature Review on 
Nitrogen Fate & 
Transport Model 
Report 

Task 
Complete 

Draft Literature Review on nitrogen fate and 
transport model report was completed on 
June 30, 2009. 

None N/A



Task Task Status Activity this Period Technical, Schedule, or 
Budget Problems 

Encountered

Recommended 
Methods to Resolve 

Problems
Task D.2, Final 
Literature Review on 
Nitrogen Fate & 
Transport Model 
Report 

Underway Final Literature Review on nitrogen fate and 
transport model report was completed on 
December 4, 2009.  Determined to be 80% 
complete on December 23, 2009. Revisions 
are currently underway. 
 

None N/A

Task D.3, Selection of 
Existing Data Set for 
Calibration Report 

Task 
Complete 

Selection of Existing Data Set for Calibration 
report was completed on June 30, 2009. 

None N/A

Task D.4, Draft QAPP 
N Fate and Transport 
Modeling 

Underway Continued work on modeling work plan None N/A

Task D.5, 
Recommendation for 
Process Forward 

Not started No activity
 

N/A N/A

Task D.6, Final QAPP 
N Fate and Transport 
Modeling 

Not started No activity N/A N/A

Task E – Project Management, Coordination and Meetings
 
Task E.1, Project 
Kick-off Meeting 

Task 
Complete 

No activity None N/A

Task E.2, PM-Project 
Progress Report 

Progress 
Report 1, 2, 
3, 4, 5, 6 - 
Complete 

The January 2010 progress report (this report) 
was completed February 2, 2010. 

None N/A

Task E.3, RRAC 
Meeting 

Task 
Complete 

Meeting was conducted on July 1, 2009 . None N/A

Task E.4, PAC 
Meeting 

Not started No activity N/A N/A

 



 

Pollution Prevention Grant Program DRAFT Proposal Outline: 
Grease Sludge Waste in Establishments on Onsite Sewage Treatment 

and Disposal Systems Generating Commercial Strength Sewage 
Waste 

 
Important facts about the grant: 

 cost sharing / match: 50% which may include dollars, in-kind goods and services (such 
as volunteered time, photocopying, printing services, etc.) and/or third party 
contributions 

 not longer than three years 
 $20,000 - $180,000 
 Due April 6, 2010 

 
Overall goals of the Pollution Prevention (P2) grant: 

 help businesses identify better environmental strategies and solutions for reducing or 
eliminating waste at the source 

 support state technical assistance programs that address the reduction or elimination of 
pollution by businesses across all environmental media: air, water and land  

 assist businesses in adopting P2 practices that reduce pollution at the source, including 
the conservation of water and energy 

 In support of: 
o Technical assistance 
o Training 
o Outreach and education 
o Identifying and addressing regulatory and nonregulatory barriers and incentives 

to pollution prevention 
Objectives: 

 Develop and verify best management practices for grease reduction and reuse in 
facilities generating commercial strength sewage waste  

 Need for grant: establishments on utility owned centralized wastewater collection 
systems have requirements to install certain precautions to prevent oil and grease from 
entering the collection system.  OSTDS also have certain precautions required but the 
idea of protecting the system may not be foremost on the business owners mind.  They 
often do not have the expertise to know how they can prevent their system from failing 
by performing simple daily tasks to reduce the amount of oil and grease entering the 
system. 

 Reduce grease in OSTDS, causes sewer backups 
 Grease is a barrier for sewage disposal, blocks ability for soil to treat the effluent 

properly 
 
Tasks: 

1. Identify Target Group 
a. Find existing commercial strength sewage systems 

i. Query EHD 
1. operating permits 
2. construction permits 
3. pumpers 
4. sanitary nuisances 



 

ii. GIS component  
1. update inventory 

2. Identify the scope of the problem 
a. Perceptions:  

i. Survey existing commercial system users and commercial system 
designers / installers / inspectors (engineers / contractors / DOH) 

1. FSU Survey Research Lab assistance?  
b. Literature review: 

i. Commercial effluent (including UF restaurant study) 
ii. Benefits of pumping 
iii. Other studies looking at this issue (performance of bacteria decreases, 

etc.) 
iv. Best management practices in other locations 

c. Data:  
i. Query EHD to find failures for commercial strength systems and causes  
ii. Query EHD to find sanitary nuisances 
iii. Find out way to track annual operating permits that have grease disposal 

contracts and measure gallons of grease hauled off for reuse vs. direct 
disposal 

iv. Sample effluent from failing systems for grease content 
1. Sample before and after repair 

v. Sample commercial systems throughout the state 
1. sludge judge? 

vi. Estimating sewage flows (Get with UF) 
vii. Grease characteristics (lower animal fat and increased vegetable oil, 

changes consistency of the “grease”) 
1. when did this switch happen?  Look at before and after 
2. how does the grease layer in the tank? 

3. Process and procedure modifications 
a. Identify methods to recover grease 

i. Grease removal 
1. Grease recycling, rendering companies (accept oil, grease, etc. 

turning a nuisance waste material into a beneficial product) 
ii. Centrifuge on pump tank 
iii. Identify current efforts / best practices for businesses on DEP regulated 

systems 
1. Cash for grease program (find businesses that do this) 

a. how do they market their services? 
b. Identify methods to intercept grease 

i. Tank design and sizing 
1. Certified sewer tanks vs. DOH tanks 
2. Grease collection devices undersized and not maintained? 
3. Outlet requirement of 8-inches from the bottom of the tank being 

consistently installed?  What happens if a regular septic tank is 
used? 

4. Filter requirements 
5. Benefits from having a tank that is deeper than it is wide to allow 

for better separation 
6. Larger first chamber in the septic tank to handle the excess 

grease that comes from the interceptor 
7. Florida Building Code tie-in 



 

ii. Characterizing grease interceptor effectiveness 
iii. Installing tanks further away from building to allow for cooling 
iv. Under the sink grease trap may lead to less grease getting out to the 

drainfield 
v. Effects of hot dishwasher water on the system (put system further away 

to allow for cooling) 
vi. Influences from business practices  

1. Cleaning agents like degreasers making it into the system and 
causing emulsification of the grease 

vii. Making sure new and existing OSTDS are approved to accept grease 
1. Approval of new restaurants on existing systems (work with local 

business license issuers) 
c. Identify disposal methods for surplus waste 

i. OSTDS treatment after grease interceptor 
ii. Water reuse (drip irrigation) 
iii. Emulsification issues 

4. Identify methods to improve the identified problems (reactive (sanitary nuisances, 
repairs) vs. proactive) 

a. Evaluate and recommend policy changes (RRAC / TRAP involvement) 
(proactive) 

i. Mandatory inspections  
1. pump out every 3-months with option to reduce frequency after 1-

year with recommendation by certified pumper 
2. needs “teeth” to ensure compliance 
3. Different methods:  

a. regular inspection program and pumping based on 
condition of system 

b. specific frequency for cleaning 
c. leave it up to the owner to determine the frequency but 

require pumping logs 
d. require regular sampling and monitoring of the discharge to 

determine compliance 
e. require testing when system fails (where to pull a sample?) 

ii. Surcharge program 
1. If high BOD,TSS, and FOG charge a fee (what will the fee pay 

for?) 
2. Systems on a centralized sewer collection system pay a fee on 

their utility bill to cover disposal of wastes, no such fee for septic 
systems.  Require establishments that generate commercial 
strength sewage waste to pay a fee that will help with the disposal 
of wastes. 

3. Effective incentive to establishment to maintain their system 
iii. Grease control training program (based on EPA and WEF’s program) 

1. enforcement of limits (what limits?  Strength and volume?  Not to 
exceed percentage?) 

2. proper interceptor, septic tank, and drainfield sizing 
3. developing maintenance programs for commercial sewage waste 

generators 
4. public education programs 
5. start with this as what we want to implement (as a pilot for a best 

practice, until we find out if it would make good regulations) 



 

b. Procedural changes (data entry, inspections, etc.) (proactive) 
i. Inspection form for annual operating permit inspections 
ii. Requirement for testing 
iii. Standardize food establishment inspections to include grease generating 

equipment 
1. collaboration between DOH/DACS/DBPR 

c. Education campaign (proactive)  
i. Target groups: 

1. Business owners and employees 
2. System designers 
3. DOH 

ii. Methods (multimedia approach to encourage states to work toward P2 
program goals and encouraging applicants to engage in partnerships): 

1. Manuals 
2. Checklists (Do’s and Don’ts (did you clean the undersink grease 

trap today?) 
3. Presentations at statewide/national conferences 
4. In person training in source reduction techniques 
5. Publication on the project in statewide journals 
6. Collaboration with food managers and food handlers certificate 

program 
a. List of approved certification programs on DOH website 

iii. Specific technical assistance will be made available to businesses 
seeking information about grease / oil reduction opportunities.  County 
health departments throughout the state will be provided with information 
to educate business owners.  On-site technical advice will be provided to 
businesses by the certified Environmental Health Professionals 
throughout the state (FEHA/FOWA involvement) 

d. Best management practices checklist / pamphlet 
i. Pre-portioned packages of cleaning products causes less issues with 

accidental overdose of harmful cleaning products into system 
 
Letters of support: 
 

 FEHA 
 FOWA (?) sent email 3/12/10 
 FSU = No letter but willing to help with the survey 
 UF (?) 
 Orange County Utilities (?) sent email 3/11/10 
 DBPR (?) 
 DACS (?) 
 FL Association of Restaurants (?) 
 Home Building Association (?) 
 FL Association of Realtors (?) 
 RRAC (?) 
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Trends and Conditions: 
 
Nearly one-third of Florida’s population is served by individual onsite sewage treatment and 
disposal systems (OSTDS), primarily septic tanks.  Over 2.5 million onsite systems are in 
use within the state.  Approximately 10,812 new systems were installed in the State last 
fiscal year (July 1 – June 30), 13,303 repairs of failing systems were conducted and 1364 
existing and modification of systems were conducted.  It is estimated that OSTDS 
discharge over 450 million gallons per day in Florida.  These systems provide a safe and 
economical means of wastewater disposal when properly constructed and maintained.  
However, improper use and maintenance of these systems can result in unsanitary 
conditions and contaminated drinking water and recreational waters.  Since groundwater is 
the source of drinking water for 90% of Florida residents, protection of the ground water 
including the surface water is one of the department’s primary missions.  Florida continues 
to be recognized nationally for its onsite systems program.  In the fall of 2008, Mrs. Joyce Hudson, Senior Engineer with the U.S. Environmental 
Protection Agency wrote an article for the National Onsite Recycling Association Onsite Journal and stated “Florida provides for renewable 
performance-based operating permits for engineered systems as well as maintenance contracts and annual inspections.  The state also has one of 
the best inventory systems among the states reviewed”. 
 
The following measures are expanded on in this section: 

 Measure # B-1: Meet at least semi-annually with Research Review and Advisory Committee (RRAC) to review existing research 
projects, rank new research proposals, and identify priority areas for future research.   

 Measure # B-2:  Review and process requests for product approval of treatment receptacles, innovative and alternative products,  
performance-based systems to ensure processing according to Chapter 120, FS, standards and reviewed according to standards in 
Chapter 381.0065, FS. 

 Measure # B-3:  Provide Technical Assistance to Water Quality Protection Initiatives, such as the Springs Initiative and Total 
Maximum Daily Load Program. 

 Measure # B-4:  Review applications for the 2nd Level Review Committee to ensure systems installed in the Suwannee and Aucilla 
River floodplains meet the more stringent standards. 

 Measure # B-5:  Process requests for review of product composition to ensure processing according to Chapter 120, FS, standards 
and reviewed according to standards in 381.0065(4)(m), F.S. 

 
In Measure # B-1, the department has a continuing research program to evaluate the impact of onsite systems on public health and the 
environment, and study improvements in technology.  Research on onsite sewage systems has become more pressing as local and state efforts to 

1

Division Cost - $2,204,002.48 
Division Positions – 19* 
County Program Cost - $22,908,683 
County Positions - 353.73 
 
* Except for 1 GR FTE the bureau is funded through 
a trust fund supported by fees collected on permits 
and contractor licensing.  Also note the division 
cost and number of positions listed above, is the 
total sum of costs and positions assigned to the 
entire bureau (See Bureau of Onsite Sewage 
Programs’ Strategic Plans A & C). 
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protect water quality, in particular in springs, increase and require answers about how to manage in particular nutrient contamination by onsite 
sewage sources. 
 
A Research Review and Advisory Committee (RRAC), composed of representatives of various interest groups per Chapter 381.0065(4)(o) F.S., 
advises the Bureau on research priorities, comments on research reports, and assists in selecting contractors for research projects.  The enabling 
statute requires at least two meetings of this committee per year.  The RRAC met a total of seven times in 2009, which exceeds the required 
benchmark.   
 
The focus of much of the research currently being performed or planned relates to increased nitrogen in water bodies, addressing questions such 
as how to identify the onsite sewage impact in water bodies that currently have impaired water quality, how to measure the performance of onsite 
systems, identifying new technologies to improve the functioning of onsite systems, and keeping track of where the onsite systems are.   
 

Increased nutrients in water bodies  
 
Wastewater contains pollutants, nutrients, disease-causing organisms or pathogens (bacteria and viruses), and oxygen-consuming material.  
The nutrients nitrogen and phosphorus found in wastewater can be harmful to surface waters because they cause algae blooms, which 
reduce oxygen in surface waters, and can kill off fish and other organisms.   
 
Past research projects on the issue of increased nutrients in water bodies have shown that effluent from onsite systems travels quickly 
through karst geology to monitoring wells and that nitrogen moves with this partially effluent.  A research project was completed this year at 
Manatee Springs State Park showed that installing nitrogen removing technologies reduced the groundwater concentrations of nitrogen.   
 
There has been continued legislative interest on this issue as several locations throughout Florida are proposing, or have, requirements for 
increased treatment due to nutrient concerns.   In 2008 the Florida Legislature tasked the Florida Department of Health to conduct a study to 
further develop cost-effective nitrogen reduction strategies and to develop passive strategies for nitrogen reduction that complement use of 
conventional onsite sewage treatment and disposal systems.  As of December 2009 the contractor, in coordination with RRAC and DOH had 
successfully completed numerous tasks including literature reviews, ranking of nitrogen reduction technologies for field testing, design of a 
test facility for effluent plume monitoring and further development of passive technologies, and preparation of quality assurance documents 
for the test facility work and groundwater monitoring to be completed during fiscal year 2010-2011.  Installation of a test center for the 
evaluation of nitrogen reduction techniques and preparation for field sampling is planned for later in the fiscal year 2009-2010.  Sampling 
and reporting of results would continue through subsequent years.  Funding for fiscal year 2010-2011 is required to field-test the ranked 
technologies.  Field-testing of technologies at home sites will require additional funding.  Additional funding for this project is being requested 
from the legislature. 
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Identifying onsite sewage contribution in impaired water bodies 
 
An additional area of interest concerns the contribution of onsite systems to observed water quality problems.  Two studies addressed this 
question in fairly sparsely populated coastal communities.  The results of a 2004-2007 study performed in Taylor County confirmed that 
beach water quality frequently requires advisories.  This study did find no significant difference in water quality between beaches with and 
without developments, and found that creeks and canals upstream from beaches generally showed poorer water quality than beaches, that 
environmental factors such as rainfall and temperature affected water quality, and that there were no consistent differences found between 
areas with septic systems and central sewer.   
 
In 2008-2009 the Bureau received a grant to resample the Town of Suwannee that was previously served by onsite systems and has 
converted to central sewer in the past ten years.  Assessing the environmental impact of sewering this area can be beneficial to other 
communities facing similar issues.  The same sampling locations were kept to evaluate the long term effect of sewering on water quality.  
The sampling locations included both background river locations as well as locations in the canals of the town.  The only statistically 
significant observation was a reduction in the increase of fecal coliforms in the canals relative to the river in 2009 as compared to 1996.  This 
would indicate a benefit of closing the OSTDS.  However, the 2009 sampling was conducted in the summer as opposed to late fall/winter in 
1996 and the potential seasonal effects on fecal coliforms have not been assessed.  It could not be determined if water quality 
improvements resulted from general changes in water quality in the area or from eliminating onsite sewage systems. The Bureau renewed 
the contract to allow for re-sampling during November and December of 2009 to allow for an analysis of potential seasonal effects and river 
flow.  The results of this project may help to guide other communities facing similar water quality concerns in making the decision to convert 
from onsite sewage systems to a more centralized solution. 
 
Optical brighteners, found in most laundry detergents, give off visible light when exposed to ultraviolet light (a form of fluorescence) and do 
not occur in unpolluted waters. Therefore, positive identification of optical brighteners in water can provide indisputable evidence of human 
wastewater sources.  We obtained funding from EPA and implemented a project in cooperation with DEP’s Southwest District and Mote 
Marine Research Institute.  Water samples were excited with light of various wavelengths and the resulting fluorescent light emitted was 
measured.  Optical properties of several detergents and spikes of detergents in samples were also determined.  The results suggested that 
most detergents had a specific response that could be used as a tracer of wastewater, however that response was not necessarily caused 
by the optical brightener.  Additional work is needed to identify the class of compounds responding.  Further analysis found that field 
methods based on two factors, one representing the detergent signal of wastewater and one adjusting for colored dissolved organic matter, 
are feasible. 
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Measuring the performance of onsite systems 
 
Another focus area for research has been an assessment of the performance and operation of onsite systems.  With regards to advanced 
onsite systems such as aerobic treatment units and performance-based treatment systems, the Monroe County Health Department was 
funded by the Department for FY 2006/2008 to collect detailed data on the performance of a sample of nutrient-reducing and aerobic 
treatment systems in the Florida Keys.  The sampling has been completed and analysis of the data is underway and should provide insights 
into the variability of influent and effluent concentrations under normal use operating conditions.   
 
A companion project funded by the EPA 319 Nonpoint Source Management Grant Program will perform a similar analysis on a larger 
statewide level.  This project will also include the creation of a statewide database of all advanced systems and a survey of various involved 
parties (homeowners, septic contractors, and DOH staff at the county level) to see their perceived strengths and areas of improvement for 
the program.  One of the final deliverables will be a booklet that will be made publicly available outlining the results of the project.   
 
Identifying new technologies 
 
A previous research project was completed in 2008 which reviewed passive ways to reduce nitrogen in onsite systems and performed 
limited laboratory experiments.  For the purposes of this project, a passive system was one that does not use an aerator pump and uses 
media for denitrification.  These systems have the potential to be cost-effective options to reduce nitrogen.  The results of the experiments 
were very favorable and are being expanded on in the legislatively mandated Nitrogen Reduction Strategies Study.  The Bureau has also 
agreed to assist the University of Central Florida with a research project funded by DEP that investigates nitrogen reduction. 
 
Keeping track of onsite systems 
 
The Florida legislature tasked the Bureau with developing a comprehensive inventory of onsite sewage systems in Florida.  Having this 
inventory will assist in accurately estimating the impact of these systems on the environment; providing the information necessary to 
implement a program to improve, maintain, and manage these systems; and developing a framework for the appropriate location of future 
development.  A snapshot inventory was taken in 2008 and the next step will be to determine how this information can be updated in the 
future. 

 
Bureau staff presented the results of research at various meetings around the State and at the national level.  In 2009, staff presented a total of nine 
presentations at conferences and continuing education events.  In 2009, these conferences included the Florida Environmental Health Association 
(FEHA) annual educational conference, the National Environmental Health Association (NEHA) annual conference, and the Water Environment 
Federation technical exhibition and conference.   
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Publications and reports by staff and contract providers for 2009 included: 

 Dixon, L.K.  Optical Brighteners:  PARAFAC Analyses of EEM Fluorescence Data for the Conceptual Design of Field Instrumentation and 
Methods.  February 2009. 

 Briggs, G. R., E. Roeder, and E. Ursin.  Progress Report on Nitrogen Reduction Strategies for Onsite Sewage Treatment and Disposal 
Systems.  Legislative Report.  February 2009. 

 Barranco, E. and E. Ursin.  Onsite Program Update on the 2008 Legislative Mandate.  The Voice.  Florida Onsite Wastewater Association.  
March 2009 issue. 

 Anastasiou, Christopher.  Optical Brighteners:  Field Report.  March 2009. 
 Roeder, E. and Brookman, W.G. 2009. Grab versus composite sampling.  Water Environment Laboratory Solutions 16(2) April/May 2009. 

pp1, 4-7. 
 Ursin, Elke and Kara Loewe.  Alternative Drainfield Products in Florida: A Statewide and Regional Analysis of Frequency, Distribution, and 

Density.  The Voice.  Florida Onsite Wastewater Association.  May 2009 issue. 
 EarthSTEPS, LLC and GlobalMind.  Statewide Inventory Onsite Sewage Treatment and Disposal Systems in Florida.  June 2009. 
 Environmental Consulting & Technology, Inc.  Evaluation of Water Quality around the Town of Suwannee, Florida, and Comparison to 

Historic Data.  September 2009. 
 Roeder, E., Brookman, W.G. 2009.  Influent and effluent assessment to evaluate nutrient removal in onsite sewage treatment systems.  

WEFTEC 2009 Proceedings.  WEFTEC.09. Orlando, FL.  WEF, Alexandria, VA. 
 Roeder, Eberhard and Elke Ursin.  Final Report for Remote Sensing of Onsite Sewage Impacts.  Assistance ID No. MX-96423005-4.  U.S. 

Environmental Protection Agency, Gulf of Mexico Program.  October 2009.  Tallahassee, Florida. 
 Ursin, Elke and Eberhard Roeder.  Final Report for Evaluating the Environmental Impacts of Onsite Sewage Systems in the Town of 

Suwannee, Florida.  DEP Agreement # CZ924.  October 2009.  Tallahassee, Florida. 
 Roeder, Eberhard.  Coming up from the Onsite Sewage Research Program:  A survey on practices and perceptions concerning advanced 

onsite system.  The Voice.  Florida Onsite Wastewater Association.  November 2009. 
 Ursin, Elke.  Summary of September 10, 2009 Research Review and Advisory Committee (RRAC) Meeting.  The Voice.  Florida Onsite 

Wastewater Association.  December 2009 issue. 
 Harden, Harmon, Eberhard Roeder, Jeffery Chanton, and Elke Ursin.  Final Report for Reducing Onsite Sewage Treatment System Impacts 

in the Suwannee River Basin.  Assistance ID No. MX-97450302-6.  U.S. Environmental Protection Agency, Gulf of Mexico Program.  
December 2009.  Tallahassee, Florida. 

 Multiple literature reviews, quality assurance project plans, and other reports for the nitrogen study 
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In addition to this, there is a focus on public education through a comprehensive website providing online access to research reports, RRAC 
meeting material, agendas for RRAC meetings, presentations, and brochures. 
 
In Measure # B-2, the review and processing of requests for product approval of treatment receptacles, innovative and alternative products, 
components of performance based treatment systems (PBTS) are tracked to ensure standards specified in Chapter 120 and 381.0065, Florida 
Statute and 64E-6, Florida Administrative Code, are met.  Applications for septic tank designs (treatment receptacles) are reviewed for compliance 
with the design standards and testing requirements provided for by rule.  As of early 2010, there are 1328 tank designs approved by 103 
manufacturers.  In 2008, 43 new tank designs were approved.  Tank manufactures located in Florida counties are inspected for compliance by the 
county health department on an annual basis and issued an annual operating permit. The department has performed or witnessed eight tank 
structural vacuum tests verifying tank design integrity.  The department has also evaluated, by way of mathematical calculations, the structural 
design of Category 4 and H-10 and H-20 traffic loadings on the designs of three major manufacturers.      
 
Reviews of applications for 1 alternative drainfield product, 2 alternative repair methods and three components of onsite systems resulted in 
approval. Six product approval requests were denied.  Applications for six other products and five aerobic treatment units were reviewed and 
additional information was requested.  Several of these decisions resulted from variance and waiver requests.   
 
The concept of performance-based treatment systems was incorporated into the rule in February of 1998.  Since then approximately 1198 such 
systems have been installed.  These type systems are installed where regulations require increased treatment, e.g. to deal with site constraints 
such as setback or authorized lot flow, or to reduce drainfield sizes.  They are permitted by the CHD and require a design from a Professional 
Engineer in Florida.  The Bureau Engineer is available to provide upon request, assistance to County Health Departments in the review of 
performance-based treatment systems and other engineer-designed systems.  In 2009, approximately two dozen such reviews were completed in 
some detail.   
 
Conducted four six-hour training sessions on Low Pressure Dosing Systems for certification of Master Septic Tank Contractors – Part 4. 
 
In Measure # B-3, the Bureau provides technical assistance to county health departments and other agencies in regards to water quality protective 
initiatives. Agencies in the State of Florida, such as the Governor’s Springs Initiative, spring protection efforts in several counties, and DEP’s total 
maximum daily load program (TMDL) have shown continued interest in obtaining DOH’s perspective on water quality issues and the role of onsite 
sewage systems in addressing problems.  Bureau staff participated in public meetings and provided information in a variety of formats related to 
springs protection at Manatee and Fanning, Rainbow, Volusia Blue, Wakulla, and Wekiva Springs. 
 
Bureau staff continuously reviews nitrogen reduction technologies, which are of interest both to the onsite sewage program (measure #9) and other 
interested parties.  Bureau staff provided in 2008 comments on technical documents related to TMDLs on several creeks in Jacksonville, the 
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Suwannee River, Alligator Lake in Columbia County, and Lake Jessup in Seminole County, and was invited by DEP to comment on proposals for 
onsite sewage-related studies.  Bureau staff also summarized nitrogen contribution from various sources to groundwater in the Wekiva Study Area 
(see also measure #9). 
 
In Measure # B-4, the Bureau staff participates in the approximately bi-monthly meetings of the Second Level Review Committee, which reviews 
applications of onsite system located in the floodplains of the Suwannee and Aucilla Rivers for compliance with the more stringent statutory 
requirements, to ensure these are met prior to discharge in shellfish harvest areas. 
 
In Measure # B-5, the Bureau staff reviews the composition of products (formerly review of additives) for use in Onsite Sewage Treatment and 
Disposal Systems (OSTDS).  These are tracked to ensure standards specified in Chapter 120 and 381.0065(4)(m), Florida Statutes (FS) and 64E-
6.0151, Florida Administrative Code (FAC), are met. 
 
In Florida, the law indicates that no product sold in the state for use in onsite sewage treatment and disposal systems may contain any substance in 
concentrations or amounts that would interfere with or prevent the successful operation of such systems, or that would cause discharges from such 
systems to violate applicable water quality standards, 381.0065(4) (m), FS. In 2000, the Department published criteria for the evaluation of all 
products sold or used in onsite sewage treatment and disposal systems, 64E-6.0151, FAC for determination of whether the use of such products 
would cause discharges in violation of ground or surface-water quality standards.  
 
From March of 2000 until December of 2009, the Department has reviewed 207 products for compliance with the minimum water quality standards 
established by the state. It is important to stress that the Department’s compliance determination is not an endorsement or approval with respect to 
the benefit, effectiveness, or performance of the system additive. In 2009, 19 products were identified for review.  Of these 8 were found in 
compliance or were determined not to require further review, 6 were found not to comply, and the remaining 5 were pending at the end of the year.  
As of 2009, the department has approved and published list of 73 products in compliance with law or rule. Products not listed are not allowed for 
use in onsite sewage treatment and disposal systems in the state. The Florida Department of Health assumes no liability for any promise, guarantee 
or expectation from the purchase or use of any additive. The department reserves the right to withdraw acceptance if the product formulation or 
ingredients are modified after the product is evaluated by the Department or subsequently found not to be in compliance with law or rule. The 
department has been 100% successful in the enforcement aspect of this rule. Consumer information is provided on our internet site and articles 
have been placed in the Florida Onsite Wastewater Association (FOWA) Journal. 
 
Additional Short Term Objectives 
By January 1, 2011  

 Measure B-1 – Research: 
o Continue to meet with the RRAC at least twice a year to review ongoing and new research projects 

http://def.sharepoint.doh.ad.state.fl.us/l
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o Continue research studies in progress such Review of Nutrient Reducing Systems in the Keys, Re-Evaluation of Water Quality in the 
Town of Suwannee, Performance and Management of Advanced Onsite Systems, and the Nitrogen Reduction Strategies Study 

o Develop and implement further studies in support of the program on performance and impacts of onsite system 
o Maintain a comprehensive list of research priorities recommended by the RRAC 
o Continue to provide updates on the research program throughout the State and the Nation by giving presentations, presenting 

posters, and writing papers 
o Continue to maintain the Bureau research program website to ensure current information is available on the research program 
o Market the efforts of the Bureau through the intranet, internet, and distribution of brochures 
o Present results of research projects to the Bureau’s Technical Review and Advisory Panel (TRAP) 

 Continue to process and review applications for treatment receptacles, innovative systems, alternative systems, and review PBTS 
 Provide coordination with partners at the FEHA educational conference, joint meetings with EPA, DEP, and others 
 Begin to be present at regional CHD Director’s Meetings 
 Continue to provide monthly trainings to CHD staff 
 Conduct six trainings on Low Pressure Dose design 
 Continue to process and review applications for product composition 
 Review the current product composition section of chapter 64E-6.0151 to identify sections to be updated 
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Long Term Objectives 
By January 1, 2013 
 

 Have soil scientist on staff 
 Model Maintenance and Management program for Wekiva Study Area 
 Measure B-1 – Research: 

o Develop and implement further research studies in coordination with priorities developed by the RRAC 
o Market the results of research studies by presenting the results throughout the State and the Nation 
o Continue to seek outside funding through grants to supplement the state research funds used to conduct research projects 
o Develop a manuscript for a research study that is suitable for publication in a peer-reviewed journal 

 Revise innovative/ alternative system approval process to reflect the changing relationship between NSF and ETV 
 Develop standard operating procedure for the evaluation of ATU and PBTS performance 
 Model program certification or national recognition 
 Definition of a menu of onsite sewage best management practices that provide guidance for a range of environmental conditions and 

contaminant concerns. 
 Revise the product composition section of chapter 64E-6.0151, FAC to reflect any changes identified as necessary. 
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Measure # B-1: Meet at least semi-annually with Research Review and Advisory Committee (RRAC) to review existing 
research projects, rank new research proposals, and identify priority areas for future research.    
Division Strategic 

Plan 
Strategy (Program 

level) 
Benchmark Responsible 

Party 
Target Date (up 
to 18 months) 

Status (What is 
happening now) 

Information and Analysis 
Target new and ongoing 
research to ensure the 
performance of new, 
proposed, and existing 
technology is continuing to 
protect public health and 
the environment. 

Conduct research 
projects as outlined in the 
strategy. 

Elke Ursin Ongoing Ongoing research is being 
conducted and/or in the 
planning stages, and listed for 
specific research topics. 

Projects on increased 
nutrients in water bodies 

 Continue the work 
outlined in the 
contract agreement 
for the Nitrogen 
Reduction Strategies 
(legislatively 
mandated project), 
submit legislative 
progress reports, and 
assess future funding 
for project after 
legislative session. 

Eberhard Roeder 
Elke Ursin 

July 1, 2009 This project was mandated in 
the 2008-2009 legislative 
budget. Interim progress report 
to be submitted to the 
Legislature and the Governor by 
February 1, 2010, and final 
report due May 1, 2010.  
 
Continuation of project is 
dependant on future funding. 

 Objective 1:  Be 
The Best 
Communicators 
and Educators 
 
 
 
 
 
 
 

Projects on identifying 
onsite sewage contribution 
in impaired water bodies 

 Completion of the 
second phase of the 
Town of Suwannee 
Study, final project 
report to be written. 

Elke Ursin October 1, 2010 Sampling has been completed. 
 
This project is ongoing and the 
contract is set to end on 
October 1, 2010. 
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Projects on measuring the 
performance of onsite 
systems 

 Assessment of water 
quality protection by 
advanced onsite 
sewage treatment 
and disposal systems: 
performance, 
management, 
monitoring (EPA 319 
Program Grant):  
Finalize the Keys 
study report, finalize 
the database of 
statewide advanced 
systems, finalize 
QAPP for sampling, 
contract with lab to 
analyze samples, 
start sampling, 
finalize the survey 
task, continue to 
compile information 
on best management 
practices 

Elke Ursin 
Eberhard Roeder 

December 31, 2010 This project is ongoing.   

Projects identifying new 
technologies 

 Passive Nitrogen 
Reduction Strategies 
Phase II (part of 
Nitrogen Reduction 
Strategies project): 
build test facility, 
begin testing different 
technologies 

Elke Ursin 
Eberhard Roeder 

July 1, 2010 Contract is in place and is 
currently ongoing.  This project 
is part of the larger Nitrogen 
Reduction Strategies project.   
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Projects to keep track of 
onsite systems 

 Statewide Inventory 
of Onsite Systems in 
Florida:  Determine 
next steps forward 

Elke Ursin 
Eberhard Roeder 
Kara Loewe 

December 31, 2010 This project was mandated by 
the legislature in the 2008-2009 
budget and was completed on 
June 30, 2009.  RRAC has 
determined that this is a priority 
for future research and has 
asked staff to present options 
on how to continue the project in 
a future meeting. 

Support research on 
OSTDS done by other 
agencies / universities 

 Provide guidance to 
UCF on their research 
on nitrogen reduction.  
Any submitted 
documents from UCF 
will be reviewed 
within 15-days. 

Elke Ursin 
Eberhard Roeder 

December 30, 2010 Project is ongoing. 
 
 

  Ensure a DOH Certified 
Contract Manager is on 
staff 

 Obtain recertification 
within two years of 
issuance of DOH 
Contract Manager 
certificate 

Elke Ursin  Ongoing In order to ensure that research 
contracts are monitored, a DOH 
certified Contract Manager is 
required. 
 
Currently the Contract Manager 
is certified through July 2010 
and must recertify prior to this 
date. 

 Objective 2: 
Use our 
data 

 Ensure data collected 
from projects is used and 
shared to the best extent 
possible 

Listed in Strategy  Elke Ursin Ongoing 
 

Currently being monitored  

   Make data obtained 
from the Inventory of 
OSTDS in Florida 
available to the public 
and other state 
agencies 

Discuss options for 
updating the read-only 
GIS map, share data with 
interested parties 

Elke Ursin 
Kara Loewe 

Ongoing The data is being made 
available on the DOH website 
as a read only GIS map. 
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   Research project 
results to be used to 
promote rule changes 

Evaluate at the end of 
each project whether any 
proposed rule changes 
need to be proposed to 
the TRAP 

Elke Ursin Ongoing This is ongoing. 

 Objective 4: 
Support 
Community 
Outreach  

Customer and Market 
Focus 
 Ensure that research 

activities are 
coordinated and 
monitored  

Listed in Strategy  Elke Ursin Ongoing 
 

Currently being monitored  

   Meetings with 
Research Review and 
Advisory Committee 
(RRAC) per Chapter 
381.0065(4)(o) F.S. 

The RRAC should meet 
at least twice a year to 
review the ongoing and 
proposed research 
projects  

Elke Ursin Ongoing This is ongoing. 
 
RRAC has had seven meetings 
as of December 2009.  
Meetings were held at various 
locations throughout the Central 
Florida area as well as via 
teleconference.  The main focus 
of the meetings was the 
legislatively mandated Nitrogen 
Reduction Strategies Study.  
Other research projects were 
discussed as appropriate, with 
presentations made on several 
research projects.  All meeting 
material is made available on 
the DOH website.  
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   Publications and 
presentations of 
research results to 
promote community 
outreach through 
marketing research 
results. 

Upon completion of a 
research project any final 
report shall be distributed 
to the RRAC and posted 
on the DOH website.  A 
minimum of three 
presentations at various 
conferences shall be 
made prior to the end of 
the calendar year. 

Elke Ursin 
Eberhard Roeder 

December 31, 2010 In 2009 several presentations 
were made at meetings 
throughout the state and nation, 
including the FEHA annual 
education meeting, the National 
Environmental Health 
Association annual meeting, 
and the Water Environment 
Federation technical exhibition 
and conference. 

 Objective 5: 
Increase 
financial 
diversity 
and 
flexibility 

Increase the diversity of 
funding for the research 
program 

Listed in Strategy  Elke Ursin Ongoing 
 

Currently being monitored  

   Apply for outside 
funding to supplement 
state research funds 

A minimum of two grant 
applications shall be 
submitted for projects 
that support the goals of 
the research program 

Elke Ursin December 31, 2010 Daily updates from Grants.gov 
are being reviewed.   
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Measure # B-2:  Review and process requests for product approval of treatment receptacles, innovative and alternative 
products, performance based systems to ensure processing according to Chapter 120, FS, standards and reviewed according 
to standards in Chapter 381.0065, FS.  
Division Strategic 

Plan 
Strategy (Program 

level) 
Benchmark Responsible 

Party 
Target Date (up 
to 18 months) 

Status (What is 
happening now) 

Customer and Market 
Focus 
Process and review 
applications for treatment 
receptacles and new 
products for approval. 

Review applications 
within 30 days, and 
request additional 
information if necessary, 
and approve or deny 
within 90 days. 

Paul Booher Ongoing Ongoing and currently being 
conducted. 

 Process and 
Review 
Applications for 
Treatment 
receptacles 

 

Conduct strategy within 
30 days, and request 
additional information if 
necessary, and approve 
or deny within 90 days. 
 

Paul Booher Ongoing In 2008, 117 tanks from 14 
different manufacturers have 
been reviewed tested and 
approved.  There are a total of 
1285 tank designs approved by 
101 manufactures.  (In 2007, 36 
tanks from 13 different 
manufacturers have been 
reviewed, tested and 
approved).  

 Promote and 
Support 
Training and 
Innovation 

 Process and 
Review 
applications for 
Innovative and 
alternative 
systems, products 
and components 

Conduct strategy within 
30 days, and request 
additional information if 
necessary, and approve 
or deny within 90 days. 

Paul Booher 
Eberhard Roeder 
Kimberly Duffek 

Ongoing In 2008, 2 Innovative system 
applications, 2 alternative 
system/products/components, 2 
alternative repairs and 3 ATU’s 
were approved for use in 
Florida.  (In 2007, 4 Innovative 
system applications were 
reviewed and 5 alternative 
system/products/components 
and 7 ATU’s).  
A large fraction of product 
approvals take now the path of 
a 120 variance, requiring both 
technical and legal review. 
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   Process and 
Review 
Performance 
based treatment 
systems and other  
engineer-designed  
systems 
applications when 
requested by 
CHD’s. 

Conduct strategy within 
30 days, and request 
additional information if 
necessary, and approve 
or deny within 90 days. 
 
 

Paul Booher 
Eberhard Roeder 

Ongoing In 2009 there were a total of 
approximately 1198 PBTS in 
the State.  (In 2008, it was 
reported that there were 
approximately 979 PBTS in the 
State).  The method of 
extracting these numbers has 
been refined because inactive 
permits have been removed 
from the numbers. 
 
Design reviews requested by 
County Health Departments 
have somewhat declined from 
the previous year to a couple 
per month.   

   Visit counties for 
problem resolution 

Conduct strategy within 
30 days, and request 
additional information if 
necessary 

Paul Booher 
 

Ongoing Paul Booher conducted five 
visits during 2009. 

   Conduct trainings 
throughout the 
state to assist 
DOH staff, 
engineers, 
CEHP’s, and 
septic tank 
contractors with 
engineering 
issues  

Conduct six trainings on 
Low Pressure Dose 
design during 2010 

Paul Booher 
 

Ongoing Paul Booher conducted four 
classes during 2009:  Miami 
Dade, Davie, Jacksonville, and 
Tallahassee 
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Measure # B-3:  Provide Technical Assistance to Water Quality Protection Initiatives, such as the Springs Initiative and Total 
Maximum Daily Load Program.  
Division Strategic 

Plan 
Strategy (Program 

level) 
Benchmark Responsible 

Party 
Target Date (up 
to 18 months) 

Status (What is 
happening now) 

Customer and Market 
Focus 
Provide point of contact, 
review, expertise, and 
information relative to 
water pollution by onsite 
sewage systems to 
agencies. 

Invitations to provide 
technical assistance and 
expertise 

Paul Booher 
Eberhard Roeder 

Ongoing;   Staff has participated regularly 
in various working groups for 
Wakulla Springs, the Wekiva 
Study Area, and Volusia Blue 
Springs.  Staff attended several 
DEP advisory committee 
meetings on pollution trading 
and nutrient criteria.  Staff has 
been invited to present at the 
Rainbow/Silver Springs 
Working Group Meeting 

 Be The Best 
Communicators 
and Educators 

Information and Analysis 
Review, Analyze, 
Critique, and 
Summarize 
information relative to 
water quality impacts 
by onsite sewage 
systems 

Completed review or 
summary 

Eberhard Roeder Ongoing Ongoing review of third-party 
nitrogen-reduction testing data, 
with resulting table posted on 
the Department's web-site; The 
ongoing nitrogen reduction 
strategies project is currently 
the main focus of staff review 
and comment efforts. 
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Measure # B-4:  Review applications for the 2nd Level Review Committee to ensure systems installed in the Suwannee and 
Aucilla River floodplains meet the more stringent standards. 
Division Strategic 

Plan 
Strategy (Program 

level) 
Benchmark Responsible 

Party 
Target Date (up 
to 18 months) 

Status (What is 
happening now) 

Process Management 
Review applications for 
Managed Systems with 
Operating Permits to be 
installed in the Suwannee 
and Aucilla River basins for 
compliance with rules. 

Managed Systems must 
meet a variety of site 
specific conditions 
according to design and 
operating permit. 

Paul Booher 
Mark Lander 
 

Ongoing Meetings are scheduled on a bi-
monthly basis. 

 Maintain All 
Onsite 
Systems By 
Schedule 
and to an 
Upgraded 
Common 
Modern 
Standard. 

 Second Level 
Review for Onsite 
Systems in 
Suwannee and 
Aucilla River 
Floodplains – 
Taylor, Madison, 
Hamilton, 
Columbia, 
Suwannee, 
Lafayette, 
Gilchrist, Union, 
Alachua, Dixie and 
Levy Counties. 

Review OSTDS 
applications that are in the 
floodplains of the Aucilla 
and Suwannee River for 
compliance with rule 
 
 

Mark Lander 
 

Meetings conducted 
on a bi-monthly basis 
and staffed by Paul 
Booher, Kyle Roberts, 
Todd Harris, Kelly 
Fleming and Mark 
Lander. 

In 2008 a total of 107 
applications were reviewed 
including; 64 new applications, 
12 repair applications and 31 
existing applications.  The 
number of new applications has 
declined since the last year due 
to a decrease in economy 
resulting in few new home 
constructions.  (2006 - 2007 total 
of 160 applications were 
reviewed including, 114 new 
systems, 21 repair applications 
and 25 existing systems) 
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Measure # B-5:  Process requests for review of the composition of products to ensure processing according to Chapter 120, 
FS, standards and reviewed according to standards in 381.0065(4)(m), F.S. 
Division Strategic 

Plan 
Strategy (Program 

level) 
Benchmark Responsible 

Party 
Target Date (up 
to 18 months) 

Status (What is 
happening now) 

 Promote and 
Support 
Training and 
Innovation 

Customer and Market 
Focus 
Process and review 
applications for 
determination of product 
compliance. 

Review applications 
within 30 days, and 
request additional 
information if necessary, 
and approve or deny 
within 90 days. 

Marcelo Blanco Ongoing Ongoing and currently being 
conducted. 

   Process and 
Review 
applications for 
determination of 
product 
compliance with 
the applicable 
rules and statute. 

Conduct strategy within 
30 days, and request 
additional information if 
necessary, and approve 
or deny within 90 days. 

Marcelo Blanco 
 

Ongoing 
 
 

In 2009, 19 products were 
identified for review.  Of these 8 
were found in compliance or 
were determined not to require 
further review, 6 were found not 
to comply, and the remaining 5 
were pending at the end of the 
year.  As of 2009 the 
department has published a list 
of 73 products in compliance 
with the regulations. 
 
 

In 2008, 16 applications were 
reviewed 9 were approved and 
3 were denied, and 4 were 
pending at the end of the year. 
All of these were reviewed 
within the 30 day time frame.  
As of 2008, 67 additives have 
been approved for use in the 
State.  A total of 207 
applications have been 
reviewed since the inception of 
the program as of March 2000. 

 



Department of Health 
Bureau of Onsite Sewage Programs 
Research Review and Advisory Committee

Tuesday March 23, 2010
9:30 am – 3 pm



Agenda:
1. Introductions and Housekeeping
2. Review Minutes of Meeting September 10, 2009
3. Review Minutes of Meeting December 16, 2009
4. Nitrogen study

a) Department’s Final Report on Nitrogen Reduction Strategies Study:  
Review, Comment, and Next Steps

b) Nitrogen Reduction Strategies Study:  Comment on Deliverables and Next 
Steps

5. Section 319 Study Update:  
a) Review of Site Selection Process
b) Review Final Surveys to Interest Groups

6. Suwannee Study Update
7. Discussion on Pollution Prevention Program Grant Proposal Draft
8. Premature Failure Rates Discussion
9. Other Business
10. Public Comment
11. Closing Comments, Next Meeting, and Adjournment



Introductions & Housekeeping

• Roll call
• Identification of audience
• How to view web conference
• How to “raise your hand” to 

speak
• Download reports:

http://www.myfloridaeh.com/ostds/research/Index.html

http://www.myfloridaeh.com/ostds/research/Index.html


Review Minutes of Meeting 
September 10, 2009

•See draft minutes



Review Minutes of Meeting 
December 16, 2009

•See draft minutes



Florida Onsite Sewage Nitrogen 
Reduction Strategies Study

Purpose: Develop passive strategies for 
nitrogen reduction that complement use of 
conventional onsite sewage treatment and 
disposal systems, and further develop cost- 
effective nitrogen reduction strategies 



Draft Final Report on Nitrogen 
Reduction Strategies Study:  

• Questions:


 
Recommendations? 



 
Decreased densities in nitrogen sensitive areas: details?



 
Incorporation of other research efforts


 

UCF’s Interim Report


 

WERF Project and Soil Treatment Effectiveness


 

Wakulla PBTS Sampling


 

Manatee

• Comments
• Next Steps:  Routing within the Department in early 

April



Switch to Final Draft Report



Florida Onsite Sewage Nitrogen 
Reduction Strategies Study

Recent Progress:
• Interim progress report submitted
•Reports have been submitted:
Final QAPP for PNRS II
Final QAPP for Field and Test Center Sites

•Contract amendment has been executed
•Construction has begun for Test Center 

(switch to construction progress report)



Florida Onsite Sewage Nitrogen 
Reduction Strategies Study

Next steps:
•Routing of Final Report to Legislature
•$2-million being discussed in the 

Legislature
•Opportunities
Utilization of Wakulla sampling sites
Cooperation with Onsite Wastewater 

Decentralized Demonstration Project in the 
Keys



319 Project on Performance and Management 
of Advanced Onsite Systems

Purpose: Assess water quality protection by advanced 
OSTDS throughout Florida

Progress:
• Monroe County Project
 Draft summary report being drafted

• Database
Mostly complete
 16,802 identified advanced systems in the state
 Summary statistics to be developed and presented at 

next meeting



319 Project on Performance and Management 
of Advanced Onsite Systems

Progress cont. :
• Sampling
QAPP is being finalized
Contract with lab has been executed



 

Budgeted: $127,925


 

Contracted cost: $30,120

Sample selection flowchart created



Sample Selection Flowchart 
Advanced System Performance Eval.

#1 Pull pure random 
sample from all systems

#2 Select additional 
systems as needed 

Plot selected locations on 
map 

Finalize sample population

Determine 
subcategories to 

represent
- unsaturated fixed 

media,
- combined media, 

- extended aeration 
categories



Sample Selection Results
• Randomly selected 700 systems (600 main sites with 

100 backups)
• Monroe County was over-represented by 2.7% (19 

systems) and upon discussion it was decided to make 
the representation equal

• Top counties: 
Monroe (148 systems)
 Brevard (99 systems)
 Charlotte (95 systems)
 Franklin (47 systems)

• 53 out of 67 counties have at least one system to be 
sampled



Distribution of Sample Sites



319 Project on Performance and 
Management of Advanced Onsite Systems

•Surveys of interest groups
Surveys have been finalized and mailed to 

interest groups
Any comments?



Town of Suwannee Study
Purpose: Test the difference in water quality 

after central sewer has been installed in an 
area previously served by onsite sewage 
systems

Progress:
• Second round of sampling (Nov – Dec) has been 

completed
• Provider working on analyzing the results



Pollution Prevention Grant Proposal 
Grease Sludge Waste in Establishments on Onsite Sewage 
Treatment and Disposal Systems Generating Commercial 

Strength Sewage Waste

•Objective: Develop and verify best 
management practices for grease 
reduction and reuse in facilities 
generating commercial strength sewage 
waste 

•Requires 50% match
•Go through task list and prioritize and 

discuss



Premature Failure Rates and 
Alternative Drainfield Products

• Problem statement: Since approximately 2004 alternative 
drainfield products are installed at rates higher than aggregate.  
System field longevity and effectiveness of minimum drainfield size 
are untested.  Availability of data is limited.

• Current efforts and issues (see outline in meeting packet)
• How old should the data be?
• Where do we go from here?



 

look at what was installed, how many failed, and in what timeframe 
the systems failed



 

design something that could capture the failure rate for systems


 

initiate quality control checks / recommendations to ensure consistent 
data entry and gathering



 

is this a stepping stone to determine if we need to pursue another 
contract similar to the Alternative Drainfield Products contract?

• How much do we want to spend?



Other Business
•FDEP’s Wekiva River Basin Nitrate Sourcing 
Study report is available:
http://www.dep.state.fl.us/water/wekiva/index.htm

http://www.dep.state.fl.us/water/wekiva/index.htm


Other Business
• Map of results from Inventory Study will soon be 

available for the public to view, search, and 
download on the FDOH website



Public Comment



Next Meeting

Proposed dates for next meeting:
•Suggestions?

Upcoming meeting topics:

•RRAC Priorities
•RRAC Budget
•Nitrogen Study process forward (depends on 
funding)
•Tour of test center when complete
•Suwannee data analysis
•Inventory study phase II discussion
•Wekiva



Closing Comments and 
Adjournment
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EXECUTIVE SUMMARY 

 

In 1989 to 1990 salmonella contamination was detected in commercially-harvested oys-

ters from an area around the town of Suwannee. The contamination was suspected to be 

caused and/or contributed to by onsite sewage treatment and disposal systems (OSTDS) 

in the town. To alleviate the contamination source, plans were approved to abandon all 

OSTDS and route all sewage to a central wastewater treatment plant (WWTP). All 

OSTDS were closed by March 1998, and the WWTP became operational in October 

1997. 

 

The Florida Department of Health and Rehabilitative Services (FDHRS) contracted with 

Environmental Consulting & Technology, Inc. (ECT), to conduct sampling in 1996 and 

1997 in and around the town to evaluate potential differences in water quality immedi-

ately before and after construction and operation of the WWTP. The study included 

weekly sampling at stations in the Suwannee River (up and downstream of the town) and 

in the canals within the town. A report of this study was issued in 1998. General trends 

observed during the study included: 

• There were more occurrences of salmonella at the river station than the canal sta-

tions. 

• Salmonella was always present at the furthest upstream river station and one 

downstream river station. 

• There were more occurrences of salmonella during the postconstruction sampling 

than preconstruction. 

• Pre- and postconstruction salmonella occurrences were comparable in the four 

river stations. 

• Fecal coliform was also analyzed; there was a negative correlation with salmo-

nella, and as the amount of fecal coliform increased, the occurrence of salmonella 

decreased. 

 

The study suggested the town was not the sole source of salmonella, as this organism was 

routinely found upstream of the town indicating a potential regional issue. Salmonella 
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was detected in the canals during low slack tides suggesting the town was a contributor to 

bacterial contamination, therefore the change from OSTDS to the WWTP would be bene-

ficial. 

 

Unfortunately, an El Niño episode persisted during the time of postconstruction sampling 

which produced very high river flows and potentially introduced other bacterial contami-

nation sources. As such, this weather anomaly affected the postconstruction results and 

limited the ability to compare with preconstruction data. 

 

In September 2008, the Florida Department of Health (FDOH) issued an Invitation to 

Negotiate (ITN) to conduct a follow-up study. The intent of the study was to provide an 

updated evaluation of the environmental impacts of abandoning the OSTDS and sewering 

the town to a central WWTP. ECT responded to the ITN and was selected to conduct the 

study. A study plan and quality assurance project plan (QAPP) were prepared and ap-

proved, and sampling for this project was conducted in June and July 2009.  

 

The 1996 and 2009 study designs were intended to have common study components to 

facilitate data comparison. However, in 2009 other analytical parameters were added to 

provide additional information:  total phosphorus, enterococci, and deoxyribonucleic acid 

(DNA) source (human versus animal) tracking. 

 

The results of the 2009 study did not indicate a significant improvement in water quality 

from 1996 attributable to closing the OSTDS. Comparison of the 1996 and 2009 data 

were difficult due to changes in river flows, variability in river (control) station data, and 

seasonal differences, particularly water temperatures. 

 

However, observations that could be made include: 

• Salmonella occurrences were higher in the river than in the canals in both 2009 

and 1996 indicating the canals were not the primary source of salmonella. The oc-

currences of salmonella in 2009 were slightly higher than 1996. 
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• Nitrate + nitrite (NOx) exhibited a strong correlation with river flow and decreased 

with increasing river flow. TKN increased with increasing river flow. There was 

consistently more NOx in the river samples than in the canals. 

• Source tracking analyses, which differentiates between DNA source (human or 

animal) of enterococci cultures, indicated human material was present about 

42 percent of the time and about equally present in the canals and the river. 

Source tracking samples were collected from two canal and one river station. 

• The total and fecal coliform values were much higher in the canals than in the riv-

er in both 1996 and 2009. The fecal coliforms decreased from 1996 to 2009 in 

both the canals and the river stations whereas the total coliforms increased from 

1996 to 2009.  

• Simple statistical comparison of the 2009 results with the 1996 results were com-

plicated by large changes in the parameters measured in the river (control) sta-

tions resulting from variability in river flow and possibly water temperature (sea-

sonality). Consequently, a more detailed statistical approach was used to filter the 

effects of changes in the control stations. 

 

Using a statistical method to account for the variability in the river (control) stations, the 

only statistically significant observation was a reduction in fecal coliforms in the canals 

in 2009 as compared to 1996. This would indicate a benefit of closing the OSTDS. How-

ever, the 2009 sampling was conducted in the summer as opposed to late fall/winter in 

1996 and the potential seasonal affects on fecal coliforms have not been assessed. 

 

The difficulty to date in assessing the potential benefits of OSTDS closure in the town of 

Suwannee is controlling outside environmental influences that can mask any real changes 

that might be present. In 1997 the large increase in rainfall and river flow resulted in 

large changes in the river (control) stations. Similar large changes observed in the river 

station were apparent in the canals, but it could not be determined if the improvements 

resulted from general changes in water quality in the area or resulted from closing the 

OSTDS. Similarly in 2009, a significant reduction in fecal coliforms was apparent in the 
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canals, but it was not certain if this was a direct result of OSTDS closures or a seasonal 

effect caused by warmer water. 

 

Consequently, it is recommended that the sampling be repeated in November/December 

in an attempt to closely match the environmental conditions present during the baseline 

sampling in 1996. This should allow for two key comparisons: 

• Comparison of the 1996 baseline conditions (pre-OSTDS closure) under the simi-

lar seasonal and river flow conditions. 

• Comparison of the winter conditions with the 2009 summer conditions. 

 

This should enhance the chances of identifying benefits of the OSTDS closure if they ex-

ist. 
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1.0 INTRODUCTION 

 

1.1 PROJECT HISTORY 

A cooperative study by the Florida Department of Natural Resources (FDNR, now the 

Florida Department of Environmental Protection [FDEP]), the Florida Department of Ag-

riculture and Consumer Services (FDACS), and the U.S. Food and Drug Administration 

(FDA) in 1990 (Glatzer, 1990), investigated an incident of gastroenteritis in Florida dur-

ing the fall and winter of 1989 to 1990. At least two of the cases were indicative of sal-

monellosis. Samples of oysters from Louisiana and Florida were analyzed for Salmo-

nella. About 39 percent of the oysters tested positive for Salmonella; approximately 

90 percent of these oysters were from Suwannee Sound and adjacent areas to the north 

and south—Horseshoe Beach and Cedar Key, respectively. In addition, Salmonella was 

detected in water samples taken above and below the town of Suwannee. Possible sources 

identified by Glatzer (1990) were the waterfowl and wildlife in the area. In May 1990 

FDNR reclassified the oyster areas of Suwannee Sound. This reclassification included 

closure line changes and a new management plan based on rainfall amount. 

 

According to the Florida Department of Health and Rehabilitative Services (FDHRS, 

1991), now the Florida Department of Health (FDOH), the town of Suwannee had a total 

of 717 onsite sewage and treatment disposal systems (OSTDS). Of these, based on agen-

cy assessment criteria, seven (i.e., <1 percent) systems were considered adequate. The 

remaining 710 inadequate OSTDS were identified as one of the possible sources for sal-

monella contamination of the oysters in Suwannee Sound and adjacent areas. Because of 

the number of inadequate OSTDS, plans were approved to construct a central wastewater 

treatment plant (WWTP). The facility became operational in October 1997 and connec-

tions to the system began immediately. The WWTP is located approximately 2.5 miles 

northeast of the town and utilizes primary clarification and aeration basins for treatment 

of the wastewater. The OSTDS were pumped out and abandoned (filled with sand) at the 

same time each household was connected to the WWTP system. By the end of November 

or mid-December 1997, all but about 50 of the OSTDS were closed. The remaining 50 

OSTDS were closed by March 1998. Instead of the 717 OSTDS initially reported by 

FDHRS (1991), 850 OSTDS were found; all were properly abandoned. 
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To investigate the impacts the OSTDS closures and utilization of a central WWTP would 

have on surface water around the town of Suwannee, a water quality study was con-

tracted by the Florida Department of Health and Rehabilitative Services (FDHRS) to En-

vironmental Consulting & Technology, Inc. (ECT). Sampling was conducted in 1996 

prior to the OSTDS closure and again from November 1997 through January 1998 fol-

lowing the OSTDS closure, and a report was issued in 1998 (ECT, 1998). The study in-

cluded analyses for nutrients, salmonella, and coliforms. Other fecal contaminant indica-

tors were considered for analyses including coprostanol, epicoprostanol, and linear alkyl-

benzenes (detergent whitener). Of these coprostanal was selected, but provided inconclu-

sive results. 

 

In September 2008, the FDOH issued an Invitation to Negotiate (ITN) titled Evaluation 

of Water Quality around the town of Suwannee. The intent of the proposed study was to 

provide an updated evaluation of the environmental impacts of abandoning the OSTDS 

and sewering  the town to a central WWTP. ECT responded to the ITN and was selected 

to conduct the study. Sampling for this project was conducted in June and July 2009. This 

report presents the results of the 2009 sampling and comparisons to the 1998 report data. 

 

1.2 PROJECT GOALS 
The goal of the initial project was to evaluate the potential for restoration of commer-

cially viable oyster harvesting in Suwannee Sound following the connection of the town 

of Suwannee to a WWTP. The specific objectives included: 

• Conduct a preliminary online literature search to identify and evaluate various 

methods for detecting domestic sewage in receiving waters. 

• Prepare a plan of study (POS) and quality assurance project plan (QAPP) that 

would lay out a sampling strategy to meet the goals of the project. 

• Conduct pre-construction (of the WWTP) field sampling that would: (1) deter-

mine the optimum day of the week to sample, if any; (2) confirm that low tide 

was the ideal worst-case time to sample; (3) evaluate the various methods selected 

for detection of domestic sewage; and (4) quantify water quality conditions in the 
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Suwannee River in the vicinity of the town of Suwannee prior to the construction 

of the WWTP and subsequent abandonment of the OSTDS. 

• Conduct postconstruction sampling in order to determine what changes, if any, re-

sulted from the town of Suwannee converting from OSTDS to the WWTP with 

land disposal. 

• Evaluate the field data and data from other sources in light of the information ob-

tained from the ongoing online literature search and determine if there has been 

any change in water quality and if the change is statistically significant. 

 

The primary goal of the current project is to generate a comparative water quality data-

base by duplicating the previous study’s weekly sampling effort. The specific sampling 

approach designed to achieve this goal is: 

• Collect samples at the same ten stations (nine surface water and one ground wa-

ter) as used in the 1996 to 1998 project. 

• Collect samples over the same duration (eight consecutive weekly events).  

• Collect surface water samples during the same tidal cycle (low slack). 

• Analyze samples for the same microbiological and nutrient parameters plus the 

addition of total phosphorus, enterococci, and DNA source tracking. 

• Use the same surface water sampling and in situ data collection protocols. The 

ground water sampling technique was revised from using a bailer to use of a peri-

staltic pump and tubing as required by FDEP. 

• Sampling on the same day each week (Monday) as was done during the earlier 

study.  

 

An additional task of the project was to identify and compile supplemental data from oth-

er sources of water quality and hydrology in the project area.  
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2.0 STUDY COMPONENTS 

 

2.1 SAMPLING EVENTS 

2.1.1 SAMPLING SCHEDULE 
A total of eight consecutive weekly sampling events were conducted to collect water 

quality samples and in situ data. Prior to implementing the weekly sampling, a reconnais-

sance field trip was conducted jointly by ECT and FDOH project management personnel 

to inspect current conditions at the proposed sampling locations and confirm station loca-

tions. 

 

Sampling was performed on Monday of each week, and began on May 26, 2009, and was 

completed on July 13, 2009. Each weekly sampling event was scheduled so the surface 

water sampling duration would bracket the projected time of a low slack tide. Tide pro-

jections were obtained from an internet Web site (www.saltwatertides.com), which pro-

vided daily semi-diurnal tide time projections for the tide at the mouth of the Suwannee 

River. It was initially anticipated that it may take up to 4 hours for surface water station 

monitoring, therefore the sampling start times were 2 hours before the projected low 

slack tide time. After the first several events, it was determined the surface water stations 

could be completed in approximately 2 hours. Therefore, the sampling start time was re-

vised to 1 hour before the projected low slack tide. Sampling was conducted at low tides 

to assure samples in the canals collected water issuing from the canals and not water en-

tering from the river. 

 

2.1.2 SAMPLING LOCATIONS 
Ten water quality sampling locations consisting of nine surface water stations and one 

ground water station were monitored for this project. Figure 2-1 displays the locations of 

all ten stations. The ground water station was a shallow well (6 feet [ft] below ground 

surface) located on Leon Drive and was the same property as the previous study. The 

well was positioned downgradient from an abandoned residential OSTDS site drainfield, 

and installed with a hand auger. 
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The surface water stations include one control station (Station 10) located approximately  

2 miles upstream of the town. The remaining stations were located in canals within the 

town (Stations 2,3,4,5, and 6) and in major passes of the Suwannee River delta, specifi-

cally East Pass (Station 9), Alligator Pass (Station 8), and Wadley Pass (Station 7). To 

ensure the same station locations were occupied on each survey, the station’s latitude and 

longitude coordinates were programmed during the recon trip and stored in a global posi-

tioning system (GPS) receiver for future navigation to stations. Table 2-1 provides the 

position coordinates for all stations. 

 

2.1.3 SAMPLING PARAMETERS 
Water temperature, specific conductance, pH, and dissolved oxygen (DO) were measured 

in situ at all stations during each survey. The measurements at Station 1 (monitoring 

well) were done as required by the FDEP standard operating procedure (SOP) for well 

sampling to demonstrate adequate purging of the well prior to sample collection. Meas-

urements at the surface water stations were made at three depths (surface, mid-depth, and 

bottom) to document the physical characteristics in the river/canals water column at the 

time of sampling and assess any stratification. The surface and bottom reading were done 

1 foot (ft) below the surface and 1 ft above the bottom, respectively.  

 

Water quality samples were collected from within the first 1 ft of the water column and 

analyzed for several nutrients and microbiological parameters. Table 2-2 presents a list of 

the parameters analyzed as well as ancillary information pertaining to the samples. Please 

note, after the fourth sampling event a decision was made in conjunction with FDOH to 

discontinue sampling for total phosphorus and to substitute DNA source tracking analy-

ses. 

 

2.2 SAMPLING AND ANALYTICAL METHODS 

2.2.1 FIELD PROTOCOLS 
In situ measurements of water temperature, specific conductance, pH, and DO were made 

at three depths in the water column at surface water stations using a Yellow Springs In-

strument® (YSI) Model 556 multiparameter system. During monitoring well purging, 

turbidity was also measured with a Hach Model 2100P turbidimeter. 
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Table 2-1. Town of Suwannee Water Quality Station Coordinates 
 

 
Station 

 
Latitude 

 

 
Longitude 

 
   
1 29 18 55.40 83 08 21.16 

   
2 29 19 15.80 83 08 43.64 

   
3 29 19 16.18 83 08 48.74 

   
4 29 19 57.32 83 08 20.76 
   
5 29 19 23.97 83 08 37.12 
   
6 29 19 30.91 83 08 20.35 
   
7 29 18 28.16 83 09 49.57 
   
8 29 18 11.02 83 09 25.43 
   
9 29 18 55.55 83 07 09.68 

   
10 29 19 29.18 83 06 42.70 

      
 
Source:  ECT, 2009. 
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Table 2-2.  Town of Suwannee Water Quality Sample Information 
 
 

Parameter 
 

 
Analytical 

Method 
 

Preservation 
 

 
Holding 

Time 
 

    
Total Coliform SM 9222 B Cool 4o Celsius 6 hours 
    
Fecal Coliform SM 9222 D Cool 4o Celsius 6 hours 
    
Enterococci EPA 1600 Cool 4o Celsius 6 hours 
    
Salmonella SM 9260 B Cool 4o Celsius 6 hours 
    
Nitrate+Nitrite EPA 353.2 Cool 4o Celsius 28 days 
  H2SO4 to pH < 2  
    
Total Kjeldahl Nitro-
gen EPA 351.2 Cool 4o Celsius 28 days 
  H2SO4 to pH < 2  
    
Total Phosphorus EPA 365.1 Cool 4o Celsius 28 days 
  H2SO4 to pH < 2  
        

 
Note: EPA = U.S. Environmental Protection Agency. 
 H2SO4 = sulfuric acid. 
 SM = Standard Method (APHA, 1998). 
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In situ measurements at surface water stations were recorded at 1 ft below the surface, 

mid-depth, and 1 ft above the bottom on standardized forms developed by ECT. Data col-

lection time and depths were also recorded along with the total depth at each station. The 

total water depth and measurement depths were determined by graduations on the YSI 

meter cable, which was attached to a weighted polypropylene line. In situ measurements 

during the monitoring well purging prior to sample collection, were done per the re-

quirements in the FDEP ground water sampling standard operating procedure (SOP) FS 

2200 and were recorded along with other SOP required ancillary data/information on 

FDEP form FD 9000-24. 

 

The in situ measurement instruments were calibrated at the beginning and end of each 

sampling day, and the calibration results were documented on FDEP-generated forms. 

Per a request from FDOH, all field records included in weekly field data/information 

packets have been transmitted as a separate electronic data submittal to FDOH, prior to 

submission of this report.  

 

Per the previous study, surface water sample collection was done as a surface grab sam-

ple from within the top 1 ft of the water column. The sample was collected using an extra 

pre-cleaned 1 liter sample container provided by the laboratory. This technique is consis-

tent with the surface water sampling FDEP SOP FS 2100, specifically FS 2110. (1.1.1). 

A new sample container was used at each station precluding the need to decontaminate 

the sampling device between stations and avoiding the potential for station cross-

contamination.  

 

Samples were collected using the following steps: 

• Samples were collected from the bow of the boat and away from the outboard mo-

tor. 

• The sampler wore a powder-free shoulder-length glove to submerge the sample 

container and a standard length powder-free latex glove when handling the sam-

ple containers. New gloves were used at each station. 

• The 1-liter sampling container cap was removed and the container was slowly 

submerged with the opening first into the water. 



 2-7J:\HSES_SHARED\RESEARCH\PROJECTS\SUWANNEE CMP GRANT\CONTRACT\DELIVERABLES\TASK

• The bottle was held with the opening pointed up stream and water was water al-

lowed to fill the container. 

• The container was retrieved and aliquots were dispensed to the individual sample 

containers for preservation, storage, and shipment to the laboratory. 

 

Please note a modification from the FDEP SOP (FS 2100[1.1.2]) sampling process. The 

extra sample container used to collect samples was not rinsed prior to sample collection 

to avoid residuals from surface water sheens and surface floating vegetation that could be 

caused by multiple container immersions. 

 

Each stations sample kit had one pre-preserved container with sulfuric acid for nutrient 

analyses. Acid preservation is done to maintain sample integrity and requires lowering 

the sample pH to 2 standard units (su) or below. Adequate preservation was checked dur-

ing the first five sampling events using color-coded pH sticks. All checks yielded results 

below 2 su, and ranged from 1.0 to 1.6 su. This information was recorded on the in situ 

data form in the comments section. 

 

The monitoring well sample was collected with a variable-speed peristaltic pump and 

tubing. Well purging and sampling was done per FDEP SOP 2200, referencing specific 

sections of the SOP pertaining to use of a peristaltic pump and other aspects of the SOP 

addressing the over-all purging and sampling process. Per the SOP, general procedures 

followed included: 

• Wearing powder-free latex gloves when handling tubing and sample containers. 

• Use of new tubing during each sampling event. 

• Controlled pump rate to maintain constant water level in the well and to minimize 

entrainment of solids 

• Use of rolled plastic around the well to prevent pump tubing from contacting sur-

rounding soils when deploying. 

• Stabilization of in situ parameters within SOP criteria before collecting samples. 
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Each station’s sample container kit was stored in a sealable (e.g., Zip-Loc®) bag prior to 

and following sampling to prevent station cross-contamination. Samples were placed in 

ice immediately following collection and until delivery to the laboratory. Samples were 

delivered to the laboratory within the 6-hour holding time required for the microbiologi-

cal parameters and accompanied by the laboratory chain of custody form that included 

the following information: 

• Lab client name and contact information. 

• Project name, number, and location. 

• Sample identifications. 

• Sample type. 

• Date and time of sample collection. 

• Number of containers per sample. 

• Sample preservation method. 

• Parameters to be analyzed. 

• Types of samples containers used. 

• Name and affiliation of sampler. 

 

2.2.2 LABORATORY METHODS 
Analytical methods used for water quality samples are summarized in Table 2-3. All 

sample analyses were conducted by Advanced Environmental Laboratories, Inc. (AEL), 

Gainesville, Florida, with exception of deoxyribonucleic acid (DNA) source tracking 

which was done by Source Molecular Laboratory, Inc., Miami, Florida. At the time the 

contract was awarded, AEL held FDOH accreditation for fecal coliform, total coliform, 

total phosphorus (TP), total Kjeldahl nitrogen (TKN), and nitrate + nitrite (NOx) analy-

ses. Subsequent to contract award, AEL applied for accreditation for enterococci and sal-

monella analyses. AEL received the accreditation prior to initiating sample collection. 
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Table 2-3. Town of Suwannee Water Quality Sample Analyses Methods 
 
 

 
 

Parameter 

 
Analytical 

Method 

  
Total Coliform SM 9222 B 
  
Fecal Coliform SM 9222 D 
  
Enterococci EPA 1600 
  
Salmonella SM 9260 B 
  
Nitrate+Nitrite EPA 353.2* 
  
  
Total Kjeldahl Nitrogen EPA 351.2* 
  
  
Total Phosphorus EPA 365.1 
  
DNA Source Tracking 
 
 

Human enterococci  
Identification 

 
 
*Revision 2.0, 1993. 
 
Note: EPA = U.S. Environmental Protection Agency. 
 SM = Standard Methods. 
 
Source:  ECT, 2009. 
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2.3 QUALITY ASSURANCE/QUALITY CONTROL 

Prior to initiation of field activities and per Task 1 of the contract, a Quality Assurance 

Project Plan (QAPP) was developed by ECT and approved by FDOH and FDEP (ECT, 

2009). The document provides methodologies used for water quality sampling, data col-

lection, sample analyses, data review and verification, and reporting.  

 

2.3.1 SAMPLING ACTIVITY 
For each of the eight weekly sampling events, a field data/information packet was assem-

bled and completed to provide guidance/details to the sampling personnel to ensure all 

required activities and all necessary documentation were completed per the FDEP SOP 

employed for project execution. The packet consisted of reference material and ECT and 

FDEP standardized forms to document information and data. The packet consisted of the 

following: 

• A form listing itemization of the various records and logs to be completed during 

sampling and data collection. 

• Identification of the in situ parameters to be monitored and procedures to be fol-

lowed. 

• Identification of  field personnel, sampling date and time period, and project and 

site name. 

• Equipment checklist. 

• Identification of laboratory parameters, analytical method numbers, sample pres-

ervation requirements, and sample holding times. 

• A daily field activity log. 

• A project sampling schedule with sample start times based on predicted time of 

low slack tide and identification of quality assurance/quality control (QA/QC) 

samples types (i.e., duplicates, field and equipment blanks) to be collected per 

trip. 

• List of project team member phone numbers. 

• List of sampling station coordinates. 

• Site map. 

• Surface water sampling/in situ data collection form. 
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• Ground water sampling form. 

• Instrument calibration forms. 

 

As previously discussed, sampling activity prescribed to applicable sections FDEP SOPs, 

specifically SOP FS 2100 was referenced for surface water sampling and FS 2200 for 

ground water sampling. The instruments used to collect in situ data were calibrated at the 

beginning and completion of each sampling day and documented on FDEP developed 

forms. The parameters calibrated on each survey were specific conductance, pH, DO, and 

turbidity. Step one of calibration consisted of measuring and adjusting meter responses to 

vendor supplied standards for specific conductance (two standards), pH (three buffer so-

lutions), and turbidity (four primary formazin standards). DO was calibrated following 

the air calibration procedure in a water-vapor saturated chamber. The DO reading was 

adjusted to read the correct concentration based on ambient temperature in the calibration 

chamber and referencing Table FT 1500-1:  Solubility of Oxygen in Water at Atmos-

pheric Pressure in the FDEP SOP FT 1500 for measuring DO. The temperature thermis-

tor on the YSI meter was checked periodically against an NIST-traceable thermometer.  

 

Immediately following calibration and to confirm meter accuracy, an initial calibration 

verification (ICV) was conducted consisting of re-measuring a calibration standard for 

specific conductance and pH and DO in the water vapor saturated calibration chamber. 

Calibration adequacy and meter accuracy were deemed acceptable if the ICV meter re-

sponses were within FDEP- stipulated acceptance criteria. For DO, the acceptance crite-

ria is +/- 0.3 milligrams per liter (mg/L) of the solubility table concentration for the ambi-

ent temperature in the calibration chamber during the ICV; specific conductance is within 

+/- 5 percent of the standard concentration; and for pH within +/-0.2 su of the buffer 

value; for turbidity the acceptance criteria ranges from 5 to 10  percent dependent on the 

concentration of the standard. At the end of the sampling day, a post or continuing cali-

bration verification (CCV) was conducted to check on meter reading stability over the 

course of the sampling day. The CCV responses were deemed acceptable based on the 

same criteria for the ICV.  
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All ICV and CCV meter responses were within acceptance criteria for the eight sampling 

events, with the following exceptions: June 8, 2009 (Event 3), CCV responses for spe-

cific conductance were outside the +/- 5 percent criteria for two standards checked. The 

445 microsieman (µS) standard read 585 µS (31 percent) and the 700 µS standard read 

911 µS (30 percent). It was later determine that a “burr” on a cable to connecting plug 

caused a poor connection resulting in the poor meter response during the CCV. The prob-

lem was corrected and all subsequent specific conductance calibrations for the balance of 

the project were within criteria. Also, because the in situ-specific conductance readings 

during events were consistent with other surveys, the data were deemed useable and in-

cluded in the project database. Another variation occurred on June 15, 2009 (Event 4) 

when the 20 NTU turbidimeter standard read 18 NTU (10 percent), which was marginally 

outside the acceptance criteria of 8 percent. The reason for the offset is unknown, and all 

subsequent calibration responses were within criteria. Also on June 22 (Event 5), the DO 

CCV reading was 7.30 mg/L and should have been 7.62 mg/L. This response was outside 

the +/-0.3 mg/L criteria, but only marginally and was not considered a justification to 

qualify the DO measurements for that event and data were included in the project data-

base. 

 

Per the contract and routine FDEP sampling program requirements, 10 percent of all la-

boratory samples were QA/QC samples consisting of either a field blank, equipment 

blank, or field duplicates. Based on 10 samples per 8 weeks of sampling which equates to 

a total of 80 samples, a minimum of 8 QA/QC samples were required for the project. This 

requirement was met and exceeded as a total of 9 QA/QC samples were collected. Table 

2-4 presents a listing, by sampling event, of the types of QA/QC samples generated to 

satisfy the projects requirements.  

 

The field blank sample was generated by pouring laboratory-provided analyte-free water 

directly into a set of sample containers to assess the potential for sample contamination 

from the sampling environment and during handling/transport from the field to the lab. 

The equipment blank was generated by processing analyte-free water through the sam-

pling apparatus (pump/tubing or sample container used to collect surface water  
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Table 2-4. Project Mandated Quality Assurance/Quality Control (QA/QC) Samples  
 

 
 

 
Sampling 

Event 
No. 

 
Date 

   

 
 

Field QA/QC Sample 
 

Lab QA/QC Samples 
 

 
1 5/26/2009  

Field Blank/ Equipment 
Blank 

 
Lab Matrix Spike & Matix 
Spike Duplicate 

 
2 6/1/2009  Duplicate (Station 10)  
 
3 6/8/2009  Duplicate (Station 9)  
 
4 6/15/2009  Duplicate (Station 8) 

Lab Matrix Spike & Matix 
Spike Duplicate 

 
5 6/22/2009  Duplicate (Station 7)  
 
6 6/29/2009  Duplicate (Station 6) 

Lab Matrix Spike & Matix 
Spike Duplicate 

 
7 7/6/2009  Equipment Blank  
 
8 
 

7/13/2009 
   

Duplicate (Station 4) 
 

Lab Matrix Spike & Matix 
Spike Duplicate 
 

 
Source:  ECT, 2009. 
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samples) to simulate sample collection and assess whether the sampling apparatus could 

contaminate the samples. Duplicate samples were generated by filling two sets of sample 

containers consecutively at the assign station using the identical sampling procedure.  

 

Table 2-5 presents the results of the field and equipment blank samples collected on sam-

pling events 1 and 7. Sample Event 1 equipment blank was generated using the monitor-

ing well pump and tubing for Station 1, and the equipment blank on Event 7 was gener-

ated with the sample container used to collect the sample at Station 9. All data for blank 

samples were below the analytical methods detection limits, with the exception of TP in 

the Event 1 equipment blank. TP was detected at 0.007 mg/L, which was 0.001 mg/L 

above the detection limit. The sample associated with the blank, the monitoring well 

sample (SW1A), had a TP concentration of 1.01 mg/L. This is orders of magnitude above 

the level detected in the blank and was therefore considered inconsequential and not war-

ranting qualifying the well results. Also, the sample was not reanalyzed because the 

QAPP stipulated reanalyses “if an analyte was detected in a blank at 10 percent of a 

quantified project sample,” which clearly was not the case in this instance. 

 

Table 2-6 presents the results of the field generated duplicate samples collected on six of 

eight sampling events. Duplicate sample analysis is a means to evaluate analytical data 

precision or reproducibility as it relates to sample collection and laboratory analysis. Du-

plicate samples were collected by consecutively filling two sets of sample containers with 

the same sampling device and using common procedures to handle, store, and transport 

the samples. 

 

To evaluate the results of the field duplicate samples and per the QAPP, ECT used the 

laboratory acceptance criteria for the nutrient parameters TP, TKN, and NOx, for dupli-

cate analyses of matrix spike and matrix spike duplicate samples. Duplicate sample ac-

ceptance criteria is the relative percent difference between the two samples, and is calcu-

lated by dividing the concentration difference of the two samples by the average concen-

tration of the samples and converting the result to a percentage value. 

 

Table 2-5. Town of Suwannee QA/QC Blank Sample Results 
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Parameter 
 

 
Event No. 1 
Field Blank 

 

 
Event No. 1 
Equipment 

Blank 
 

Event 7 
Equipment 

Blank 
 

    
Total Coliform (col/100 mL) 1 U 1 U 1 U 
    
Fecal Coliform (col/100 mL) 1 U 1 U 1 U 
    
Enterococci (col/100 mL) 1 U 1 U 1 U 
    
Salmonella Absent Absent Absent 
    
Nitrate+Nitrite (mg/L) 0.003 U 0.003 U 0.003 U 
    
Total Kjeldahl Nitrogen (mg/L) 0.08 U 0.08 U 0.08 U 
    
Total Phosphorus (mg/L) 0.006 U 0.007 not sampled 
        

 
Note: col/100 mL = colonies per 100 milliliters of sample. 
 mg/L = milligrams per liter. 
 U = analyzed but not detected. 
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Table 2-6.  Town of Suwannee QA/QC Field Duplicate Sample Results 
 

  
 

Event 2 Event 3 Event 4 Event 5 Event 6 Event 8 

Parameter Sample 
Dupli- 

cate 
RPD 
(%) Sample 

Dupli- 
cate 

RPD 
(%) Sample 

Dupli- 
cate 

RPD(
%) Sample 

Dupli- 
cate 

RPD 
(%) Sample 

Dupli- 
cate 

RPD(
%) Sample 

Dupli- 
cate 

RPD 
(%) 

Acceptance 
Criteria 

(%) 
                            

Total 
Coliform 

(col/100 ml) 400 308   462 400   400 400   924 1230   2930 2000   616 1230     
                           

Fecal 
Coliform 

(col/100ml) 11 10   11 17   8 12   54 42   80 57   100 90     
                           

Enterococci 
(col/100 ml) 11 14   29 21   17 26   77 52   171 189   8 6     

                           
Salmonella Absent Absent   Absent Absent   Present Absent   Present Present   Absent Absent   Absent Absent     

                           
Nitrate+ 
Nitrite 
(mg/L) 0.364 0.364 0% 0.270 0.275 2% 0.322 0.327 2% 0.389 0.393 1% 0.438 0.453 3% 0.028 0.015 60% 0 - 10 

                           
Total 

Kjeldahl 
Nitrogen 
(mg/L) 0.88 0.93 6% 0.78 0.81 4% 0.89 0.85 5% 0.81 0.77 5% 0.71 0.65 9% 0.90 0.84 7% 0 - 10 

                           
Total 

Phosphorus 
(mg/L) 0.180 0.198 10% 0.147 0.150 2% 0.149 0.144 3% NS NS   NS NS   NS NS   0 – 20 

                    
 
Note: col/100 mL = colonies per 10 milliliters of sample. 
  mg/L = milligrams per liter. 
 
The relative percent difference (RPD) is calculated as a percentage by dividing the difference of the two concentrations by the average concentration of the sample and duplicate. 
 
Source: ECT, 2009. 

 



 2-17J:\HSES_SHARED\RESEARCH\PROJECTS\SUWANNEE CMP GRANT\CONTRACT\DELIVERABLES\TASK

Reviewing Table 2-6 indicates there was only a single instance where duplicate field 

sample results did not fall within the acceptance criteria. That was from Event 8 analyses 

for NOx at 0.028 and 0.015 mg/L yielding an RPD of 60 percent. The reason for the dif-

ference in the duplicate sample results is unknown; however, the values were very small 

relative to the other samples. The over-all project dataset for this parameter is considered 

usable as the other five field duplicate NOx results are well within acceptance criteria. It 

should be noted that the initial duplicate sample result for TKN of 0.60 mg/L on Event 2 

event did not agree well with the sample results at 0.88 mg/L. A request was made for re-

analyses of the duplicate TKN, which yielded results of 0.93 mg/L and the resultant RPD 

of 6 percent using the re-analysis value. There was a similar occurrence for TP on 

Event 4, where the initial duplicate analysis concentration of 0.71 mg/L did not agree 

well with the sample concentration of 0.149 mg/L. Again a request was made for re-

analysis of the duplicate sample for TP, which yielded a concentration of 0.144 mg/L, 

which yielded an RPD of 3 percent. 

 

Microbiological analyses methods do not require development of acceptance criteria for 

duplicate samples. The method does include analyses of duplicates only as a general 

guide to evaluate consistency in method protocol based on data reproducibility or preci-

sion. According to communication with the project contract laboratory, agreement in mi-

crobiological duplicate samples values within the same order of magnitude is generally 

considered adequate. As such, no RPD criteria for microbiological parameters are in-

cluded in Table 2-6. Based on general acceptance for microbiological duplicates agreeing 

within the same order of magnitude, the data displayed on Table 2-6 are for the most part 

good. The total coliform results do have a couple of instances of numerical values having 

considerable differences, specifically events 5, 6, and 8. However based on the accept-

ability of duplicate microbiological data agreeing within the same order of magnitude the 

results were deemed acceptable and included in the data analyses.  

 

Salmonella duplicate qualitative results (present or absent) are consistent for five of the 

six sampling events. Event 4 results do not agree and maybe caused by the potential of a 

non-homogenous dispersion of this motile bacteria in the sample source water. 
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A single duplicate for source tracking analyses was collected from Station 5 during sam-

pling Event 8. Both samples agreed indicating the presence of human DNA in entero-

cocci cultures. 

 

Per the contract and QAPP, a planning audit was conducted by FDOH on June 15, 2009, 

which included inspection of laboratory and field sampling records. Additionally, the 

FDOH personnel accompanied the ECT field team to the project site on June 15 (sam-

pling Event 4) to observe sampling and data collection protocols. A report of the audit 

was issued to FDEP on July 16, 2009. Prior to and in preparation for the planning audit, 

ECT  conducted an internal audit to determine if proper preplanning/scheduling was be-

ing conducted to ensure the successful execution of the sampling event and adequate 

communications between ECT and laboratories was occurring. 

 

2.3.2 LABORATORY ANALYSES 
Microbiology QA/QC procedures used in the laboratory for coliforms, enterococcus, and 

salmonella included the following: 

• Blanks—Pre-, post-, and mid- sample analyses (after every 10 samples). The 

source of any positive results in a blank sample are investigated to include reagent 

water, media, instruments, and general housekeeping adequacy. 

• Duplicates—Duplicate analyses are performed weekly, and the precision is calcu-

lated per method procedures to assess the overall on-going lab QA/QC program 

and do not apply to an individual batch of sample results. 

• Positive and Negative Controls: 

o Coliforms—10 positive colonies plus atypical colonies verified by incuba-

tion in lauryl tryptose broth/brilliant green lactose bile broth/escherichia coli 

(LTB/BGB/EC) medias. 

o Enterococcus—10 typical and atypical colonies verified on brain-heart infu-

sion broth (BHIB) + 6.5 percent sodium chloride (NaCl), BHIB at 

44.5 degrees Celsius (°C), bile esculin azide (BEA) agar, biochemically 

with calalase and gram stain. 

o Salmonella—For positive controls, salmonella organisms are inoculated 

with urea reagent and incubated. The salmonella colonies should urease 
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negative and remain orange in color. Negative controls are done with S. au-

reus. The S. aureus culture should urease positive and turn pink in color. 

 

Additional QC measures included temperature monitoring of incubators at the beginning 

and completion of an incubation period, chlorine residual check of all samples, and a 

monthly double-count check by a second analyst. 

 

Laboratory QA/QC procedures for DNA source tracking included initial performance re-

covery (IPR), ongoing performance recovery (OPR), matrix spikes (MS), negative and 

positive control analysis, method blanks, and media sterility checks. OPR analysis occurs 

after every 20 field and matrix spike samples or one per week that samples are analyzed. 

IPR and OPR analyses require preparation of a 100-milliter (mL) sample of water and 

seeding it with approximately 20 colony-forming units (cfu) of enterococcal surface pro-

tein (ESP) gene-containing Enteroccus faecium (C68) and then processing the samples as 

outlined in the procedure. IPR is performed with four samples. The method performance 

is based on a positive polymerace chain reaction (PCR) signal for all Enteroccus faecium 

(C68) seeded samples. Negative controls are run using sterile reagent water, non-ESP En-

teroccus faecium, or autoclaved field samples. All negative control samples should result 

in a negative PCR signal. Analysis of positive and negative controls is conducted when-

ever new media or reagent is used. Method blanks are tested to see the sterility of equip-

ment used, and a media sterility check is incubated at 36.5 degrees Celsius (°C) + 1.0°C 

for 24 + 2 hours and analyzed for growth. 

 

Laboratory chemical analyses QA/QC included daily instrumentation calibration and use 

of several precision and accuracy evaluation samples to determine the acceptability of 

each batch of sample analyzed. The types of samples used include method blanks,  matrix 

spike,  matrix spike duplicates, and secondary source calibration check standards. The 

results of these QA/QC samples must meet the laboratory’s established acceptance crite-

ria in order for project sample results to be deemed reportable. Table 2-7 provides accep-

tance criteria for calibration standards, method blanks, matrix spike, and matrix spike du-

plicates samples as well as other ancillary information on the analytical methods em-

ployed for this project. 
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Table 2-7. Chemistry Analyses QA/QC  Operations Information and Data Acceptance Criteria 
 

Parameter 
 

Number of 
Calibration 
Standards 

 

Calibration  
Acceptance 

Criteria 
(%) 

 

Method 
Blank 

Criteria 
 

 
Secondary 
Standard 
Recovery 
Criteria 

(%) 
 

Matrix 
Spike 

Recovery 
Criteria 

(%) 
 

Matrix Spike 
Duplicate 

Acceptance 
Criteria 

(% RPD) 
 

Practical 
Quantitation 

Limit 
(mg/L) 

 

Method 
Detection 

Limit 
(mg/L) 

 

         

Total Kjeldahl nitrogen(TKN) 6 + blank 90 to 110 < MDL 90 to 110 90 to 110 0-10 0.10 0.08 

         

Total phosphorus (TP) 9 + blank 80 to 120 < MDL 80 to 120 80 to 120 0-20 0.006 0.006 

         

Nitrate + nitrite (NOx) 9 + blank 90 to 110 < MDL 90 to 110 90 to 110 0-10 0.004 0.003 

         

                  
 

Note:  MDL = method detection limit. 
 RPD = relative percent difference. 
 
Typical matrix spike concentrations for total phosphorus range from 0.1 to 0.3 mg/L, 1 to 2 mg/L for TKN, and 0.4 to 1 for nitrate + nitrite. 
 
Source: AEL, 2009. 
 ECT, 2009. 
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As noted previously, regarding blanks, if an analyte is detected in a blank sample and is 

10 percent of a quantified project sample, a reanalysis will be required. The source of the 

blank contamination would be investigated to attempt resolution. If the detection persists, 

the data from that sample round will be deemed questionable and may be omitted from 

project data analyses. Data would be flagged if used. 

 

Another item regarding laboratory QA/QC samples is that the project contract required 

matrix spike and matrix spike duplicate samples be designated for this project at a set 

frequency during the sampling period as follows: 

• The first time a sample is collected (Event 1). 

• One in each additional 20 samples, after the first 20 samples. 

• The last time a sample is collected (Event 8). 

 

Matrix spike and matrix spike samples are included in each batch of samples analyzed 

during a lab work shift. A sample batch may consist of up to 20 samples and may be 

comprised of samples from a number of different projects and therefore potentially dif-

ferent matrix characteristics. The spiked samples are a means to assess the possibility of 

positive/negative bias in parameters of interest for this project, TKN, NOx, and TP, 

caused by the chemical and/or physical composition of a sample. Typically, samples se-

lected for spiking are arbitrarily selected by the lab, unless a client requests their sam-

ple(s) be used. 

 

As mentioned, this project required samples from three events be used for the matrix 

spike and matrix spike duplicates. The lab was notified verbally and on the chain-of-

custody forms on each event that this project’s samples were to be spiked, which were 

events 1, 4, and 8. In addition, the labs used this project’s samples on all other events (2, 

3, 5, 6, and 7) as the spike samples. This obviously enhanced the data validation process 

for this project. The majority of laboratory QA/QC met acceptance criteria. 

 

Table 2-8 presents a listing of chemistry analyses QA/QC sample results that did not 

meet acceptance criteria and the laboratory’s assessment of sample data usability. 
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Table 2-8. Laboratory QA/QC Sample Result Excursion Information  
 

 

Sample 
Event 

Param-
eter 

Sample 
Type(s) 

 
Spike 

Acceptance 
Criteria 
(%REC) 

Spike  
Recovery 
(%REC) 

Duplicate 
Acceptance 

Criteria 
(RPD) 

Duplicate 
Samples 
Results 
(RPD) 

Lab Data 
Qualifier 

Code 
 Code Description/Data Resolution 

         
1 NOx Duplicate   0-10 50 D-RNG Concentration difference of sample(0.005 mg/L)  and duplicate  (0.003 mg/L)is 

low (0.002 mg/L) compared to MDL(0.003 mg/L). 
 

        Lab policy is when difference is low relative to MDL, sample not re-run and 
project data deemed acceptable. 
 

4 TKN Duplicate   0-10 11 D-RNG Concentration difference of sample(0.86 mg/L) and duplicate (0.96 mg/L)is low 
(0.10mg/L) compared to MDL(0.08 mg/L). 
 

        Lab policy is when difference is low relative to MDL, sample not re-run and 
project data deemed acceptable. 
 

4 TKN Matrix   0-10 2 CUST Although matrix spike duplicate %REC exceeded acceptance criteria, the %RPD 
for between matix spike and matix spike duplicate met acceptance criteria 
therefore project results deemed acceptable. 
 

  Spike & 90-110 109     
  Matrix       
  Spike       
  Duplicate 90-110 111     

5 TKN Duplicate   0-10 17 D-RNG Concentration difference of sample(1.19 mg/L)  and duplicate (1.00 mg/L)is low 
(0.19 mg/L) compared to MDL(0.08 mg/L) . 
 

        Lab policy is when difference is low relative to MDL, sample not re-run and 
project data deemed acceptable. 
 

5 NOx Duplicate   0-10 11 D-RNG Concentration difference of sample(0.018 mg/L)  and duplicate (0.020 mg/L)is 
low (0.002 mg/L) compared to MDL(0.003 mg/L). 
. 

        Lab policy is when difference is low relative to MDL, sample not re-run and 
project data deemed acceptable. 
 

6 TKN Duplicate   0-10 16 D-RNG Concentration difference of sample(0.75 mg/L)  and duplicate (0.64 mg/L)is low 
(0.09 mg/L) compared to MDL(0.08 mg/L). 
 

        Lab policy is when difference is low relative to MDL, sample not re-run and 
project data deemed acceptable. 
 

6 NOx Duplicate   0-10 15 D-RNG Concentration difference of sample(0.014 mg/L)  and duplicate (0.012 mg/L)is 
low (0.002 mg/L) compared to MDL(0.003 mg/L). 
 

        Lab policy is when difference is low relative to MDL, sample not re-run and 
project data deemed acceptable. 
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Table 2-8. Laboratory QA/QC Sample Result Excursion Information (Continued, Page 2 of 2) 
 

 

Sample 
Event 

Param-
eter 

Sample 
Type(s) 

 
Spike 

Acceptance 
Criteria 

Spike  
Recovery 

Duplicate 
Acceptance 

Criteria 

Duplicate 
Samples 
Results 

Lab Data 
Qualifier 

Code 
Code Description/Data Resolution 

7 TKN Matrix 90-110 80 0-10 4 CUST Although matrix spike and matrix duplicate %REC was below acceptance 
criteria, the %RPD 
 

  Spike &      for between matix spike and matix spike duplicate met acceptance criteria 
therefore project results deemed acceptable. 
 

  Matrix       
  Spike       
  Duplicate 90-110 77     

8 TKN Matrix 90-110 89   S-REX Poor matix recovery;recreated extract 
 

  Spike       
  Matrix 90-110 83   S-CON Poor matrix recovery on reextract;results and recoveries confirmed. 
  Spike      Sample results flagged (J4) due to below criteria spike recovery. 

 

 
Note:  mg/L = milligrams per liter. 
 NOx = nitrate + nitrite. 
 %REC = percent recovery. 
 RPD = relative percent difference. 
 TKN = total Klejdahl nitrogen. 
 
Source: AEL, 2009. 
 ECT, 2009. 
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In summary, all project required QA/QC tasks were thoroughly completed. Field sam-

pling and laboratory QA/QC results were good, enhancing the level of confidence when 

interpreting the project database and detecting differences between stations and station 

groupings. 
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3.0 SUPPLEMENTAL DATA 

 

ECT conducted an online search of possible data sources in the project area including 

state organizations such the FDEP, FDACS, Suwannee River Water Management District 

(SRWMD), and individual research professors at the University of Florida who have 

conducted research work in Suwannee Sound. These professors included Dr. Tom Frazer, 

Dr. Ed Philips, and Dr. Shirley Baker at the Institute of Food and Agricultural Sciences 

(IFAS). However water quality data were not available from IFAS, but were available 

from the other three state agencies. Additionally, river flow data have been obtained from 

the U.S. Geological Survey (USGS), which has maintained temporary and on-going mon-

itoring stations in the lower Suwannee River basin. Precipitation data have also been ob-

tained for the SRWMD station closest to the project area. The river flow and rainfall data 

have been summarized in Section 4 of this report. 

 

FDACS collects and manages water quality data in and bordering the project area for 

their Shellfish and Environmental Assessment program (SAES). Also, FDEP’s Storage 

and Retrieval database (STORET) compiles biological, chemical, and physical data for 

ground and surface waters of Florida. Within STORET are 27  monitoring stations in the 

vicinity of the project area, of which only eleven had water quality data. Five of these 

eleven stations are operated by FDACS; the remaining six stations are maintained by ei-

ther FDEP or SRWMD. Table 3-1 presents information on the eleven STORET listed sta-

tions, and Figure 3-1 displays these station locations as well as the ECT stations in order 

to provide a visual of the proximity of the STORET and ECT stations. 

 

Water quality data from FDACS and STORET were screened to retain the parameters 

that are common to this project, including total and fecal coliform, NOx, TKN, and TP. 

Enterococci and salmonella were not available from either source. Table 3-2 presents a 

data inventory for individual parameters for each station and a statistical summary of the 

data record. The table also lists the project stations closest to the STORET stations.  
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Table 3-1.  FDEP STORET Stations in the Vicinity of the Project Area 
 

            

Organization Station ID Station Name 
Latitude 

(ddmmss) 
Longitude 
(ddmmss) County 

            
      

FDACS 28SEAS201 South side of Wadley Pass at Junction with North Pass 29 18 31 83 09 51 DIXIE 
FDACS 28SEAS202 Northern Pass Channel Marker #9 29 18 55 83 09 48 DIXIE 
FDACS 28SEAS244 Confluence of Suwannee River & East Pass 29 18 54 83 07 11 LEVY 
FDACS 28SEAS246 Suwannee River at mouth of Channel to Suwannee 

Shores Marina 
29 19 31 83 08 20 DIXIE 

FDACS 28SEAS428 SW of channel marker #27 & NE channel marker #25 
in river 

29 18 10 83 09 20 LEVY 

FDEP SRE060C1 Alligator Pass above split with Wadely Pass 29 18 39 83 08 49 LEVY 
SRWMD SRE080C1 Salt Creek at Marker 20 29 19 24 83 09 47 DIXIE 
SRWMD SUW275C1 Suwannee River at Gopher River 29 19 41 83 06 11 DIXIE 
SRWMD SUW285C1 Suwannee River #2 East Pass near branch off 29 18 59 83 07 10 DIXIE 
SRWMD SUW305C1 Suwannee River inWest Pass  29 18 44 83 08 50 DIXIE 

FDEP SUW410C1 Suwannee River in East Pass 29 18 02 83 06 52 LEVY 
            

 
Note: FDEP = Florida Department of Environmental Protection. 
  FDACS = Florida Department of Agriculture and Consumer Services. 
  SRWMD = Suwannee River Water Management District. 
 
Source:  ECT, 2009. 
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Table 3-2. Supplemental Water Quality Data

Parameter: Fecal coliform (colonies/100ml)

Organization STORET Sampling Period Statistical Summary
Station ID Begin End ECT Stations* # of samples Average Minimum Maximum 95th percentile 5th percentile

FDACS 28SEAS201 3/7/1996 4/29/2009 7 158 81 1 920 240 7
FDACS 28SEAS202 9/28/1983 4/29/2009 --- 262 79 1 540 344 7
FDACS 28SEAS244 9/28/1983 4/29/2009 9 239 69 1 920 222 5
FDACS 28SEAS246 9/28/1983 4/29/2009 1 to 6 245 109 1 1,600 350 8
FDACS 28SEAS428 3/7/1996 4/29/2009 8 157 77 1 540 240 8

SRWMD SRE080C1 10/3/1995 2/11/2009 --- 88 94 1 990 347 2
SRWMD SUW275C1 2/11/1989 3/11/2009 10 71 96 1 1,700 360 1
SRWMD SUW285C1 10/11/1999 3/11/2009 9 53 85 1 920 302 5
SRWMD SUW305C1 2/13/1990 3/11/2009 7, 8 66 118 1 1,480 523 1

Parameter: Total coliform (colonies/100ml)

Organization STORET Sampling Period Statistical Summary
Station ID Begin End ECT Stations # of samples Average Minimum Maximum 95th percentile 5th percentile

SRWMD SRE080C1 10/3/1995 2/11/2009 --- 88 523 9 5,500 1,969 13
SRWMD SUW275C1 2/11/1989 3/11/2009 10 70 503 1 3,700 2,200 10
SRWMD SUW285C1 10/11/1999 3/11/2009 9 54 606 1 6,400 2,240 40
SRWMD SUW305C1 2/13/1990 3/11/2009 7, 8 65 763 1 12,000 2,640 12

Parameter: Total phosphorus (mg/L)

Organization STORET Sampling Period Statistical Summary
Station ID Begin End ECT Stations # of samples Average Minimum Maximum 95th percentile 5th percentile

SRWMD SRE080C1 10/3/1995 4/20/2009 --- 135 0.107 0.030 0.655 0.170 0.044
SRWMD SUW275C1 2/11/1989 5/28/2009 10 238 0.128 0.038 0.890 0.196 0.076
SRWMD SUW285C1 10/11/1999 5/28/2009 9 135 0.118 0.038 0.288 0.196 0.075
SRWMD SUW305C1 2/13/1990 5/28/2009 7, 8 175 0.127 0.006 1.2 0.206 0.071

Parameter: Total Kjeldahl nitrogen (mg/L)

Organization STORET Sampling Period Statistical Summary
Station ID Begin End ECT Stations # of samples Average Minimum Maximum 95th percentile 5th percentile

SRWMD SRE080C1 10/3/1995 4/20/2009 --- 125 0.72 0.05 1.72 1.38 0.22
SRWMD SUW275C1 2/11/1989 5/28/2009 10 237 0.58 0.05 5.90 1.17 0.13
SRWMD SUW285C1 10/11/1999 5/28/2009 9 135 0.65 0.05 2.22 1.32 0.17
SRWMD SUW305C1 2/13/1990 5/28/2009 7, 8 175 0.62 0.05 1.56 1.20 0.16

Parameter: Nitrate + nitrite (mg/L)

Organization STORET Sampling Period Statistical Summary
Station ID Begin End ECT Stations # of samples Average Minimum Maximum 95th percentile 5th percentile

SRWMD SRE080C1 10/3/1995 4/20/2009 --- 135 0.33 0.00 0.90 0.80 0.02
SRWMD SUW275C1 2/11/1989 5/28/2009 10 238 0.62 0.01 1.35 1.09 0.11
SRWMD SUW285C1 10/11/1999 5/28/2009 9 135 0.68 0.00 1.62 1.14 0.18
SRWMD SUW305C1 2/13/1990 5/28/2009 7, 8 175 0.60 0.01 1.30 1.02 0.11

Note:  FDACS  = Florida Department of Agriculture and Consumer Services.
FDEP  = Florida Department of Environmental Protection.

SRWMD  = Suwannee River Water Management District.

Source:  ECT, 2009.
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Fecal coliform is monitored at eight stations by the SRWMD or FDACS in the project 

area. As shown on Figure 3-1 some of these stations are in close proximity to this project 

stations and a few are more far a field. For the eight stations, average fecal coliform val-

ues range from 77 to 118 colonies per 100 milliliters of sample (col/100 mL). Minimum 

values are 1 col/100 mL for all eight stations. Maximum counts range from 540 to 

1,600 col/100 mL. The SRWMD also monitors for total coliform in the project area at 

four locations. Average total coliform counts at these locations range in average from 

form 503 to 763 col/100 mL. Minimum and maximum values range from 1 to 9 and 

3,700 to 12,000 col/100 mL, respectively.  

 

The SRWMD also analyzes for the three nutrient parameters monitored for this project, 

those being TKN, NOx, and TP at four stations. TP average values are similar for these 

stations ranging from 0.106 to 0.128 mg/L. Minimum and maximum TP values range 

0.006 to 0.038 and 0.288 to 1.2 mg/L, respectively. TKN, which is a combination of or-

ganic nitrogen and ammonia/ammonium nitrogen, has average values from 0.58 to 

0.72 mg/L. Minimum values at the four stations are non-detectable concentrations at the 

detection limit  of 0.05 mg/L. Maximum concentrations are from 1.56 to 5.90 mg/L. NOx 

concentrations, on average, range from 0.33 to 0.68 mg/L. Minimum values are generally 

below method detection limits. 

 

The complete supplemental water quality data set is in Appendix A .  
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4.0 RESULTS 

 

The results of the 2009 study are presented in this section. Comparison of these results 

with the previous studies and assessment of the benefits of closing the OSTDS are pre-

sented in Section 5.0. 

 

4.1 RAINFALL AND RIVER FLOW DATA 
Approximately 25 miles upstream of the project area, USGS maintains a long-term river 

stage and flow gauging station near Wilcox, Florida (Station No. 02323500). Figure 4-1 

presents the daily flow hydrograph at this station from October 1941 through August 

2009. The highest daily flow observed at Wilcox was 84,700 cubic feet per second (cfs) 

in 1948. Table 4-1 presents the annual mean discharge values at Wilcox from 1942 to 

2008. The annual mean discharge from 1942 through 2008 ranged from 3,275 cfs in 2002 

to 24,560 cfs in 1948 (USGS, 2009). 

 

SRWMD has maintained a rainfall gauging station in the vicinity of Wilcox and Fanning 

Springs (Station 2323500) from 1998 to present. Table 4-2 presents the monthly rainfall 

total for this period. This project’s sampling was conducted between May 26 and July 13, 

2009. River daily discharge and rainfall data are presented on Figure 4-2 for the sampling 

period. The dates of each sampling event are also displayed on this figure. During the 

sampling period, the highest daily rainfall was 3.56 inches on June 5. Peak river flow dur-

ing the sampling period occurred the following day, and appears to be the result of this 

rain event coupled with above average rainfall for the month of May at 5.22 inches com-

pared to the historic average for May of 1.37 inches. Additionally, the cumulative rainfall 

for May and June 2009 at 17.49 inches was almost threefold greater than the historic 

May/June rainfall total at 6.47 inches (SRWMD, 2009). 

 

Peak river flow during sampling occurred on June 6 at 9,670 cfs and gradually declined 

for the remainder of the sampling duration. The exception to this was a spike from ap-

proximately 6,100 cfs to 7,600 cfs during the week of June 21. This was probably due to 

approximately 3.5 inches of rain the previous week. Following this spike, flows continu-

ously dropped to approximately 3,000 cfs in July.  
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  FIGURE 4-1.

  SUWANNEE RIVER FLOW NEAR WILCOX AT USGS #02323500 
  FROM 1941-2009
    Source:  ECT, 2009.
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Table 4-1. Annual Mean Discharge of Suwannee River Near Wilcox at  
  USGS Station No. 02323500 
 

Water 
Year 

Discharge 
(cfs) 

Water 
Year 

Discharge 
(cfs) 

1942 12,340   1976 9,546   

1943 6,229   1977 12,060   

1944 9,954   1978 10,870   

1945 11,230   1979 8,657   

1946 12,500   1980 10,760   

1947 9,856   1981 5,612   

1948 24,560   1982 8,234   

1949 12,980   1983 13,660   

1950 7,600   1984 17,140   

1951 6,704   1985 6,887   

1952 9,179   1986 12,520   

1953 7,496   1987 14,310   

1954 9,290   1988 9,732   

1955 4,291   1989 6,776   

1956 4,640   1990 6,875   

1957 6,201   1991 14,920   

1958 13,210   1992 9,122   

1959 13,990   1993 10,330   

1960 12,930   1994 10,440   

1961 10,590   1995 10,890   

1962 7,142   1996 5,970   

1963 7,172   1997 8,746   

1964 15,050   1998 15,480   

1965 19,270   1999 6,415   

1966 15,040   2000 3,406   

1967 9,549   2001 5,339   

1968 5,301   2002 3,275   

1969 6,335   2003 10,090   

1970 13,300   2004 6,442   

1971 9,080   2005 16,310   

1972 11,920   2006 6,523   

1973 15,560   2007 3,563   

1974 8,554   2008 4,678   

1975 12,760     
 
Note:  cfs = cubic feet per second. 
 
Average annual river flow for period of record = 9,961 cfs. 
 
Source: ECT, 2009. 
 USGS, 2009. 



 4-4J:\HSES_SHARED\RESEARCH\PROJECTS\SUWANNEE CMP GRANT\CONTRACT\DELIVERABLES\TASK

Table 4-2. Monthly Total Rainfall at SRWMD Station No. 02323500  
  Near Wilcox/Fanning Springs 
 

Month Rainfall Month Rainfall Month Rainfall Month Rainfall 

and Year (inches) and Year (inches) and Year (inches) and Year (inches) 

        

May-98 0.87 Mar-01 3.22 Jan-04 2.05 Nov-06 1.35 

Jun-98 1.73 Apr-01 1.38 Feb-04 7.52 Dec-06 4.05 

Jul-98 1.85 May-01 0.07 Mar-04 1.41 Jan-07 2.72 

Aug-98 * Jun-01 6.08 Apr-04 2.06 Feb-07 1.63 

Sep-98 * Jul-01 12.14 May-04 1.83 Mar-07 1.01 

Oct-98 * Aug-01 1.76 Jun-04 0.82 Apr-07 1.07 

Nov-98 * Sep-01 7.03 Jul-04 0.04 May-07 0.46 

Dec-98 * Oct-01 0.04 Aug-04 0 Jun-07 6.69 

Jan-99 * Nov-01 0.43 Sep-04 0 Jul-07 5.38 

Feb-99 * Dec-01 1.48 Oct-04 3.73 Aug-07 6.73 

Mar-99 * Jan-02 4.07 Nov-04 2.98 Sep-07 5.08 

Apr-99 * Feb-02 0.87 Dec-04 1.89 Oct-07 2.51 

May-99 * Mar-02 2.9 Jan-05 1.13 Nov-07 1.29 

Jun-99 * Apr-02 1.83 Feb-05 1.82 Dec-07 2.83 

Jul-99 * May-02 1.5 Mar-05 3.78 Jan-08 4.1 

Aug-99 * Jun-02 4.45 Apr-05 5.78 Feb-08 2.78 

Sep-99 * Jul-02 6.05 May-05 4.45 Mar-08 4.85 

Oct-99 * Aug-02 5.98 Jun-05 4.34 Apr-08 1.51 

Nov-99 * Sep-02 5.63 Jul-05 8.59 May-08 0.9 

Dec-99 * Oct-02 5.78 Aug-05 5.39 Jun-08 5.79 

Jan-00 * Nov-02 5.47 Sep-05 1.4 Jul-08 11.42 

Feb-00 * Dec-02 8.31 Oct-05 1.59 Aug-08 16.1 

Mar-00 * Jan-03 0.13 Nov-05 3.07 Sep-08 1.79 

Apr-00 * Feb-03 6.96 Dec-05 7.06 Oct-08 2.61 

May-00 0.25 Mar-03 6.87 Jan-06 2.32 Nov-08 2.12 

Jun-00 6.66 Apr-03 2.11 Feb-06 5.11 Dec-08 0.92 

Jul-00 7.27 May-03 1.46 Mar-06 0.11 Jan-09 3.64 

Aug-00 1.45 Jun-03 7.3 Apr-06 0.95 Feb-09 1.61 

Sep-00 8.5 Jul-03 5.93 May-06 1.89 Mar-09 4.82 

Oct-00 0.3 Aug-03 5.3 Jun-06 8.27 Apr-09 3.17 

Nov-00 1.24 Sep-03 2.52 Jul-06 6.44 May-09 5.22 

Dec-00 0.85 Oct-03 2.01 Aug-06 5.67 Jun-09 12.27 

Jan-01 1.23 Nov-03 1.5 Sep-06 2.32 Jul-09 7.74 

Feb-01 0.38 Dec-03 1.18 Oct-06 1.36   

 
* No data. 
 
Source: ECT, 2009. 
 SRWMD, 2009. 
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  FIGURE 4-2.

  SUWANNEE RIVER FLOW, DAILY RAINFALL, AND SAMPLING EVENTS 
   IN MAY-JULY 2009
    Source:  ECT, 2009.
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4.2 WATER QUALITY DATA 
Weekly water quality samples and in situ data were collected from May 26 through Ju-

ly 13, 2009. In situ measurements included temperature, specific conductance, pH, and 

DO. Water samples were analyzed for TKN, TP, NOx, total and fecal coliform, salmo-

nella, enterococci, and DNA source tracking. It should be noted that FDOH opted to dis-

continue sampling for TP after the fourth event and substitute DNA source tracking at 

Stations 2, 5, and 10. Also of note is that salmonella analyses were qualitative (pres-

ence/absence) not quantitative.  

 

Initial presentation of data is provided as statistical summaries and grouped into two cat-

egories—canal stations and river stations. The rational for this grouping is based on the 

canal stations being near-field relative to the proximity to the previous locations of the 

OSTDS and river stations are far-field and include upstream control Station 10. Canal 

stations are Stations 2 through 6 and river station are 7 through 10. Additionally, data as-

sessment utilized this grouping scheme in the earlier study and this facilitated compara-

tive analyses of the two databases. Station 1 is the monitoring well and has not been in-

cluded in the station grouping analyses. 

 

In situ parameters are presented by station group in Table 4-3. Chemical and microbi-

ological water quality sample parameters have been statistically summarized by individ-

ual canal and river stations in Tables 4-4 and 4-5, respectively. As illustrated in Ta-

ble 4-5, the average values of the upstream stations (9 and 10) were comparable to the 

values of the downstream stations (7 and 8). Consequently, to aid in statistical compari-

sons, these four river stations (referred to as control stations) were grouped for compari-

son with the test stations or canal stations (2, 3, 4, 5, and 6). Table 4-6 provides the water 

quality sample statistical summary for the grouped canal and river stations, as well as the 

monitoring well station. Tables of the complete raw data set for individual stations are in 

Appendix B. Given the proximity of the well to canal Station 4, water quality results for 

the well are included in Table 4-4. 
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Table 4-3.  Summary Statistics of In Situ Parameters 
 
 

    Surface Mid-Depth Bottom Vertical 

Parameter Station Average Minimum Maximum Average Minimum Maximum Average Minimum Maximum Average

                     

                     

Specific River 271 167 413 264 167 386 261 167 371 265 

Conductance Canal 359 193 556 345 192 507 343 192 507 349 

(µS/cm) Well 1,241 850 1,598             

                     

Dissolved Oxygen River 5.12 4.25 6.29 5.13 4.28 6.23 5.14 4.28 6.23 5.13 

(mg/L) Canal 4.59 3.29 6.50 4.77 3.60 6.80 4.94 3.74 7.52 4.77 

  Well 0.66 0.32 1.62             

            

pH (su) River 7.25 6.88 7.49 7.24 6.87 7.49 7.23 6.86 7.54 7.24 

  Canal 7.26 6.89 7.57 7.28 6.90 7.59 7.27 6.90 7.61 7.27 

  Well 6.81 6.59 7.11             

            

Temperature (ºC) River 26.73 23.62 28.30 26.76 23.62 28.30 26.79 23.63 28.30 26.76 

  Canal 27.18 24.07 28.87 27.27 24.11 29.06 27.36 24.13 29.13 27.27 
  Well 26.08 24.48 27.54               
            

 
Note:  ºC = degrees Celsius. 
 mg/L = milligrams per liter. 
 su = standard units. 
 µS/cm = microsiemans per centimeter. 
 
Source:  ECT, 2009. 
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Table 4-4.  Summary of Water Quality Parameters for Canal Stations 
 
 

  
Average at Station Minimum at Station Maximum at Station 

Parameters 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 

                   
Enterococci  
(colonies/100ml) 189* 127 86 73* 236 105 1 U 41 53 8* 73 43 750* 350 140 240* 570 210 
Total Coliforms 
(colonies/100ml) 1,690 905 1,352 938 1,860 1,810 200 U 1 U 1 U 100 1 U  1 U 6,000 1,690 3,080 2,310 4,160 4,000 
Fecal Coliforms 
(colonies/100ml) 22 94 56 115 107 75 1 U 26 32 41 49 38 90 380 80 300 270 113 
Total Phosphorus  
(mg/L) 0.581 0.138 0.139 0.117 0.139 0.141 0.374 0.097 0.107 0.084 0.099 0.104 1.01 0.165 0.157 0.149 0.185 0.167 
Total Kjeldahl Nitrogen 
(mg/L) 1.25 0.671 0.656 0.789 0.671 0.654 0.54 0.38 0.31 0.6 0.33 0.31 2.95 0.97 0.96 0.98 0.94 1.04 
Nitrate-Nitrite  
(mg/L) 0.06 0.403 0.488 0.145 0.47 0.428 0.01 0.148 0.26 0.005 0.24 0.251 0.17 0.644 0.712 0.284 0.69 0.691 

    
 

                              
 
*Values excluded an outlier of 1,150 and 2,100 from a canal Station 4 and the monitoring well. 
 
Note:  mL = milliliters. 
 mg/L = milligrams per liter. 
 U = analyzed but not detected. 
 
Source:  ECT, 2009. 
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Table 4-5.  Summary of Water Quality Parameters for River Stations 
 

  Average at Station Minimum at Station Maximum at Station 

Parameters 7 8 9 10 7 8 9 10 7 8 9 10 

             
Enterococci 
(col/100ml) 42 33 31 35 14 17 15 10 77 47 52 77 
Total Coliforms 
(col/100ml) 818 846 973 728 1 U 100 100 100 1850 2000 3080 2770 
Fecal Coliforms 
(col/100ml) 39 32 26 36 12 8 6 10 68 72 63 99 
Total Phosphorus 
(mg/L) 0.151 0.139 0.154 0.15 0.107 0.114 0.114 0.12 0.216 0.16 0.18 0.18 
Total Kjeldahl Nitrogen 
(mg/L) 0.634 0.685 0.631 0.70 0.33 0.38 0.32 0.36 0.86 0.94 0.91 1.14 
Nitrate-Nitrite 
(mg/L) 0.517 0.515 0.529 0.535 0.266 0.260 0.270 0.275 0.775 0.759 0.780 0.790 

                          
 
 
Note:  mL = milliliter. 
 mg/L = milligrams per liter. 
 U = analyzed but not detected. 
 
Source:  ECT, 2009. 
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Table 4-6.  Statistics for Water Quality Parameters at Canal, River, and Monitoring Well Stations 
 

      Standard     
Parameters Size Average Deviation Maximum Minimum

 Canal Stations      
Total Coliform (col/100 mL) 40 1,373 1,156 4,160 1 U 
Fecal Coliform (col/100 mL) 40 89 76 380 26 

Enterococci * (col/100 mL) 40 73 79 240 8 
Salmonella  Present 22.5% of time (9 out of 40) 
Total Phosphorus (mg/L) 20 0.135 0.029 0.185 0.084 
Total Kjeldahl Nitrogen (mg/L) 40 0.69 0.22 1.04 0.31 
Nitrate-Nitrite (mg/L) 40 0.39 0.2 0.71 0.01 
Total N (mg/L) (calculated) 40 1.07 0.15 1.38 0.67 
      
 River Stations      
Total Coliform (col/100 mL) 32 841 738 3,080 1 U 
Fecal Coliform (col/100 mL) 32 33 23 99 6 
Enterococci (col/100 mL) 32 35 18 77 10 
Salmonella  Present 46.8 of time (15 out of 32) 
Total Phosphorus (mg/L) 16 0.149 0.029 0.216 0.107 
Total Kjeldahl Nitrogen (mg/L) 32 0.66 0.22 1.14 0.32 
Nitrate-Nitrite (mg/L) 32 0.52 0.19 0.79 0.26 
Total N (mg/L) (calculated) 32 1.19 0.12 1.47 0.9 
      
 Monitoring Well      
Total Coliform (col/100 mL) 8 1,690 2,202 6,000 200 U 
Fecal Coliform (col/100 mL) 8 22 32 90 1 U 
Enterococci (col/100 mL) 8 189 313 750 1 U 
Salmonella 8 Present 50% of time (4 out of 8) 
Total Phosphorus (mg/L) 4 0.581 0.293 1.01 0.374 
Total Kjeldahl Nitrogen (mg/L) 8 1.25 0.75 2.95 0.54 
Nitrate-Nitrite (mg/L) 8 0.06 0.06 0.17 0.01 
Total N (mg/L) (calculated) 8 1.31 0.74 3.02 0.55 
            

 
*Statistics exclude a suspected outlier value of 1,150 and 2,100 from a canal station  
 and monitoring well, respectively. 
 
Note: col/100 mL = colonies per 100 milliliters. 
 mg/L = milligrams per liter. 
 U = analyzed but not detected at or above the method detection limit. 
 
Source:  ECT, 2009. 
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4.2.1 IN SITU PARAMETERS 

In situ measurements of pH, temperature, DO, and specific conductance were conducted 

at three depths in the water column: 1 ft below the surface (surface), mid-depth, and 1 ft 

above the bottom (bottom) at each surface water sampling station. Summary statistics for 

each of the parameter at the three depths at the river and canal station are provided in Ta-

ble 4-4. As in situ data collection during the monitoring well sampling was done solely to 

establish adequate purging of standing ground water before sample collection and not to 

evaluate ground water quality, this data is not included in discussion of data analyses. 

 

Viewing the surface water in situ data both vertically in the water column and spatially 

within the study area indicates there is not a large variation in the measurements. Spa-

tially, the greatest difference when comparing the vertical averages of the canal and river 

stations  is for specific conductance with  canal stations at 349 microsiemens per centime-

ter (µS/cm) and the river stations at 265 µS/cm, which is an approximate 30 percent dif-

ference in values. This may be due to residual effects from flood tides coupled with in-

complete flushing of canals during ebb tides. The other three parameters vertical average 

only differ by 7 percent (DO) or less. Evaluating differences vertically in the water col-

umn by comparing the average surface and average bottom measurements for conduc-

tance values (271 vs. 261 µS/cm) indicates the canal stations only varied by 3 percent top 

to bottom, and only by 5 percent (359 vs. 343 µS/cm) at the river stations. Additionally, 

pH, temperature, and DO data have only relatively minor differences in the vertical with 

the largest difference being canal station DO at 8 percent, but pH and temperature verti-

cal differences are less than 1 percent. This uniformity in data indicates waters are well 

mixed, show no evidence of a salt wedge intrusion during sampling, and supports using 

surface grab samples as a good representation of water quality through the water column. 

 

4.2.2 NUTRIENT PARAMETERS 
Nutrient parameters include TP, TKN, and NOx. Total N was derived by summing TKN 

and NOx. Each of these nutrients result is briefly described below, and are exhibited on 

Table 4-6. The discussion includes comparison with the supplemental data presented in 

Section 3.0, and specifically on Table 3-2. 

 



 4-12J:\HSES_SHARED\RESEARCH\PROJECTS\SUWANNEE CMP GRANT\CONTRACT\DELIVERABLES\TASK

4.2.2.1 Total Phosphorus 

As discussed earlier, TP was only analyzed for the first 4 weeks. Analytical results show 

that the average TP concentration in the monitoring well was considerably higher at 

0.581 mg/L as compared to canal and river values at 0.135 and 0.149 mg/L, respectively. 

Well minimum and maximum TP concentrations were 0.374 mg/L, and 1.010 mg/L, re-

spectively. The maximum well TP of 1.010 mg/L is approximately five times the canal 

and river station maximums. The higher well values may be due to influences from the 

surrounding soils and/or fertilizer use for lawn maintenance. The river and canal stations 

TP values are quite similar, with the river concentrations being marginally higher in each 

statistical category. The average canal and river concentrations are 0.135 mg/L and 

0.149 mg/L, respectively. These values compare favorably with river station average val-

ues in the supplemental database (see Table 3-2), which range from 0.118 mg/L to 

0.128 mg/L. 

 

4.2.2.2 Total Kjeldahl Nitrogen 
The monitoring well TKN concentrations were approximately twice the canal and river 

average, minimum, and maximum values. The average well TKN concentration was 

1.25 mg/L compared to canal and river averages of 0.69 and 0.66 mg/L, respectively. Ca-

nal and river statistical values were essentially identical, indicating spatial uniformity 

throughout the surface water monitoring stations. Again project surface water TKN data 

compare very well with the averages in the supplemental database for river stations, 

which range from 0.58 mg/L to 0.65 mg/L. 

 

4.2.2.3 Nitrate + Nitrite (NOx) 
The average NOx was approximately 30 percent higher in the river stations at 0.52 mg/L 

than the Canal Stations at 0.39 mg/L. The monitoring well had the lowest NOx, which 

averaged only 0.06 mg/L over the sampling period. The maximum river and canal NOx 

concentrations were 0.79 and 0.71 mg/L, respectively. The monitoring well maximum 

concentration was 0.17 mg/L. 

 

The average river NOx concentration of 0.52 mg/L is slightly less but close to the range 

of average supplemental data river station values of 0.60 mg/L to 0.68 mg/L. 
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4.2.2.4 Total N 
Total N was derived by adding TKN and NOx. Average total N was similar in both the 

canal and river Stations at 1.19 mg/L and 1.07 mg/L, respectively. The monitoring well’s 

total N average concentration was slightly higher at 1.31 mg/L. The maximum total N 

concentration was 3.02 mg/L at the well, compared to 1.38 and 1.47 mg/L at canal and 

river Stations, respectively. 

 

4.2.3 NUTRIENT-DISCHARGE RELATIONSHIP 
To explore the relationship between river discharge and nutrient parameters, the surface 

waters average values for TKN, NOx, and total N were determined. These averages were 

calculated including all of the river and canal stations, but excluding the monitoring well 

station. Statistical analysis between the overall average values of the selected water qual-

ity parameters and average river discharge for the sampling day revealed the following: a 

positive correlation existed between discharge and TKN (i.e., TKN increased with the 

increase in the discharge); a negative correlation existed between discharge and NOx. The 

variations of TKN, NOx, and total N with the river flow are presented in Figure 4-3. It is 

apparent from the figure that the TKN increased with the flow and NOx decreased with 

the flow, whereas there was no influence of flow on total N.   

 

The correlation coefficients (R2), which measure the linear degree of association between 

the data values, are included in Figure 4-4. 

 

4.2.4 MICROBIOLOGICAL PARAMETERS 
Microbiological parameters measured in 2009 included total coliform, fecal coliform, en-

terococci, and salmonella. All of these parameters were expressed in terms of number of 

colonies present in 100 mL of sample (col/100 mL) except salmonella, which was re-

ported qualitatively as present or absent. The summary results of the microbiological data 

are included in Table 4-6. 
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  FIGURE 4-3.

  VARIATION OF NUTRIENTS WITH THE RIVER DISCHARGE

    Source:  ECT, 2009.
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  FIGURE 4-4.

  RELATIONSHIP BETWEEN NUTRIENTS AND RIVER DISCHARGE

    Source:  ECT, 2009.
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4.2.4.1 Total Coliform 

Total coliform in the monitoring well varied substantially over the sampling duration. 

Concentrations ranged from a minimum of below detection to 6,000 col/100 mL. The av-

erage well total coliform count was 1,690 col/100 mL. River stations total coliform  aver-

age was approximately half of the monitoring well at 841 col/100 mL. Canal stations av-

erage counts were comparable to the well at 1373 col/100 mL. River and canal stations 

also had wide variations in counts over the 8 weeks, ranging from below detection to a 

range of 3,000 to 4,000 col/100 mL. The average river stations value of 841 col/100 mL 

is similar but slightly higher than supplemental data averages for river stations ranging 

from 503 to 763 col/100 mL. 

  

4.2.4.2 Fecal Coliform 

The average fecal coliform count was highest in the canal stations at 89 col/100 mL, 

compared to the river and well stations at 33 and 22 col/100 mL, respectively. The canal 

stations also exhibited the highest maximum fecal coliform count, at 380 col/100 mL 

compared to the river and well maximums of 99 and 90, respectively. Only the well had 

at least one instance of below detection for fecal coliform, as this bacteria was detected in 

all river and canal station samples over the 8-week sampling period. 

 

The supplemental data average fecal coliform counts ranged from 69 to 118 col/100 mL, 

which brackets and compares well with the project’s canal average at 89 col/100 mL. 

 

4.2.4.3 Enterococci 
The enterococci bacteria were detected at significantly higher levels in the monitoring 

well as opposed to the surface water stations. The average well count was 428 

col/100 mL, compared to the canal and river averages at 73 and 35 col/100 mL, respec-

tively. The maximum well count was one to two orders of magnitude greater than the sur-

face water stations at 2,100 col/100 mL as opposed to 240 and 77 col/100 mL for the ca-

nal and river stations, respectively. However it is suspected the 2,100 value may be a data 

outlier or the result of outside contamination. If this is the case, the maximum well count 

of 750 col/100 mL, is still greater than the surface water station maximum values. 
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The enterococci values were consistently higher in the canals than the river as shown in 

Figure 4-5. The canal station values suggested a weak correlation with river discharge as 

the values increased with river flow. The values at the river stations remained relatively 

constant as the river flow varied. 

 

EPA has four criteria levels for body contact for enterococci levels. The most stringent is 

for beach areas at 61 counts/100 mL, and the most tolerant is for infrequent full body 

contact at a level of 151 counts/100 mL. These values are presented on Figure 4-4 for 

comparison with the results. As illustrated, the average enterococci values in the river 

comply with the most stringent criteria, but the canal values frequently exceed the least 

protective criteria. 

 

4.2.4.4 Salmonella 
Salmonella were analyzed qualitatively as presence or absence in the samples. Salmo-

nella were present in the monitoring well 50 percent (4 out of 8) of the time. The results 

varied in the river and canal stations. In the river stations, salmonella were present 

46.8 percent (15 out of 32) of the time as compared to 22.5 percent (9 out of 40) of the 

time in the canal stations. Salmonella in each sampling location during the sampling pe-

riod is presented in Table 4-7. The higher salmonella occurrences in the river suggest that 

the canals are not the source of salmonella. Also, in viewing Table 4-7, the high occur-

rence of salmonella at Station 7 (75 percent) suggests there may be a downstream source 

of salmonella not associated with the town and canal stations, which have a lower per-

centage than Station 7. 

 

4.2.5 MICROBIOLOGICAL PARAMETERS—DISCHARGE RELATIONSHIP 
Very weak negative correlations were found between total and fecal coliform with the 

river discharge. As these correlations were insignificant, graphical representation are not 

included in this report. 
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  FIGURE 4-5.

  WEEKLY AVERAGE ENTEROCOCCI IN RIVER AND CANAL STATIONS

    Source:  ECT, 2009.
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Table 4-7.  Salmonella Results 
 

Sampling Weeks 
Station 

No. 1 2 3 4 5 6 7 8 

  
Percent 
Presence 

          
1 O O X X O X X O 50 
2 O O O O O X O X 25 
3 O O X O O O O X 25 
4 O O O O O X X O 25 
5 O O O O X X O X 37.5 
6 O O O O O O O O 0 
7 O O X X X X X X 75 
8 O O X X X O O X 50 
9 O O O X X X O X 50 

10 O O O O O O O X 12.5 

                    
 
Note: X = present. 
 O = absent. 
 
Source:  AEL, 2009. 
  ECT, 2009. 
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4.2.6 SOURCE TRACKING 
Water samples from three locations (Stations 2, 5, and 10) were analyzed for Enterococ-

cus faecium esp Human Gene Biomarker (HGB) to track the presence of human fecal 

contamination as opposed to other animal sources. The stations were selected in consulta-

tion with FDOH staff. Samples from Stations 2, 5, and 10 were collected on the final 

4 weeks of sampling. Table 4-8 summarizes the DNA source tracking results. The results 

were inconsistent within and among the sampling locations. 

 

For example, the first samples collected were all negative for human DNA presence. The 

second and fourth round of sampling had identical results with Stations 5 and 10 results 

positive for human DNA and Station 2 negative. Whereas on the third round of sampling, 

Stations 5 and 10 that were positive in the rounds 2 and 4 were negative and the negative 

station (Station 2) was positive. Overall, HGB was detected 42 percent of the time with 

no appreciable difference between the canals and the river. 
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Table 4-8.  DNA Source Tracking Analyses Results 
 

 
DNA Analytical Results for Sam-

pling Weeks Station 
No. 5 6 7 8 

Percent Positive 
(within  
Station) 

      
2 N N P N 25 
5 N P N P 50 
10 N P N P 50 
           

% Positive       
(among stations) 

 
0 
 

67 
 

33 
 

67 
  

 
Note: P = positive for human DNA. 
 N = negative for human DNA. 
 
Source: ECT, 2009. 
  Molecular, 2009 
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5.0 ANALYSIS AND DISCUSSION 

 

5.1 SUMMARY OF 1998 REPORT RESULTS 

For the previous town of Suwannee project conducted in 1996 to 1998, a study plan was 

implemented to examine the pre- and postconstruction water quality near the town of 

Suwannee to document potential improvements following closure of the OSTDS. The 

plan consisted of baseline monitoring of fecal coliform, Salmonella occurrence, NOx, and 

TKN. 

 

For microbiological sampling, the results showed that total and fecal coliform concentra-

tions were relatively high throughout the entire study.  The average fecal coliform counts 

in the canals of the town was about three times as high as the river and exceeded the 

Class III standard for fresh and marine water.  It was believed that the heavy rains associ-

ated with El Niño during the postconstruction sampling obscured the positive effects on 

water quality brought about by the town of Suwannee switching to a WWTP, therefore, 

the postconstruction data will not be included in discussions of comparative results of the 

previous and current study in subsequent sections of this report. 

 

Salmonella results were presented as a qualitative description (presence/absence) as is the 

case in the current study. The general trends observed during the earlier study were: 

1. There were far more occurrences of Salmonella at the river stations than in 

the canal stations. 

2. Salmonella  was always present at the upstream control station (Station 10) 

and the main channel, downstream station (Station 8). 

3. There were more occurrences of Salmonella during postconstruction moni-

toring in the canals than pre-construction (36.7 and 13.8 percent, respec-

tively). 

4. Pre- and postconstruction occurrences of Salmonella were comparable in the 

river. 

5. There appeared to be a negative correlation between fecal coliform and Sal-

monella (i.e., as the amount of fecal coliform increased, the occurrence of 

Salmonella decreased). 
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Regarding NOx results in the earlier study, the most notable observation was that pre-

construction surface water stations (Stations 2 through 10) total NOx mean concentrations 

were nearly five times higher than the postconstruction mean concentrations (0.75 and 

0.15 mg/L-N, respectively). This difference in part may have been an improvement due 

to the use of the WWTP, but was probably a dilution affect from the higher river flows 

during postconstruction sampling. Pre-construction average NOx concentrations in the 

canals were marginally lower than the river stations at 0.727 and 0.876 mg/L, respec-

tively. Postconstruction average NOx canal concentrations were also lower than river 

concentrations at 0.133 and 0.163 mg/L, respectively. 

 

The average surface water postconstruction TKN concentration was approximately one-

third higher than the pre-construction concentrations, at 0.67 and 0.40 mg/L, respectively. 

The high TKN values were probably the result of high organic nitrogen from runoff dur-

ing the extensive rainfall resulting from the El Niño event which approximately doubled 

the river flow from the previous year. 

 

The results from the ground water sample near the septic tank drainfield (Station 1) indi-

cated a reduction in NOx values from pre- to postconstruction. The preconstruction values 

averaged 1.88 mg/L-N compared to the postconstruction values, a 15-fold reduction. The 

average TKN was also reduced from an average of 7.44 mg/L-N to 3.76 mg/L-N. Given 

the magnitude of well nitrogen, particularly TKN, in the ground water compared to sur-

face water, it was apparent that the septic tank drainfield was the major source for nitro-

gen at the well and the statistics suggest that closure of the septic tank reduced the nitro-

gen levels in the ground water. 

 

5.2 COMPARISON OF 1996 AND 2009 RESULTS 
The primary goal of the water quality sampling program near the town of Suwannee was 

to document the water quality effects of installing a central wastewater treatment facility 

and closing about 850 septic tanks. More specifically, the study was to evaluate if closing 

the septic tanks would reduce pollution and enhance the viability of oyster harvesting in 

Suwannee Sound. The baseline study for the program was completed in 1996 prior to 
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closure of the septic tanks. The intent was to sample 1 year later to evaluate potential im-

provements. Unfortunately, the value of the postconstruction sampling was compromised 

by two factors:  (1) the septic tank closure was delayed and not all tanks were closed 

prior to the 1997 sampling; and (2) 1997 was an El Niño year, and the river flows were 

two to three times greater which affected the results and limited the ability to compare 

with preconstruction values. 

 

In a continued attempt to evaluate the affects of septic tank closure, the FDOH has 

funded this study to investigate if positive effects are measurable 12 years after the septic 

tanks were closed. The results of the monitoring effort were presented in Section 4; this 

section provides a comparison of these results with the 1996 preconstruction data. 

 

5.2.1 ANCILLARY DATA 
For a controlled study it is desirable to keep all variables constant except the study pa-

rameter. In this case, the study parameter was the effect of closing septic tanks on water 

quality. One of the key parameters that could affect or bias the study is river flow. The 

Suwannee River discharge flow for the sampling periods from 1996, 1997, and 2009 are 

presented in Figure 5-1 for comparison. 

 

For the baseline or preconstruction year (1996) the river flow remained relatively con-

stant. However, in 1997, because of El Niño, the river flow increased sharply which made 

it difficult to interpret preconstruction and postconstruction results. The river flow in 

2009 was quite variable, but no large flow increases as observed in 1997 occurred. Con-

sequently, the effects of river flow in adding bias to the data were probably small or cer-

tainly less than observed in the 1997 results. 
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  FIGURE 5-1. 

  RIVER DISCHARGES AND THE SAMPLING EVENTS DURING 
  THE YEARS 1996, 1997, AND 2009
    Source:  ECT, 2009.
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The comparison of the 1996 and 1997 results were provided in the previous report (ECT, 

1998) and will not be repeated. However, comparison of 1996 and 2009 also requires 

evaluation of other parameters that might influence the data comparison. During both 

sampling episodes, DO, pH, and temperature were routinely measured. The results are 

presented in Figure 5-2 and give the average values from measurements made at mid-

depth for all stations for the entire sampling period. The results indicate the average DO 

decreased from 6.40 mg/L in 1996 to 4.95 mg/L in 2009, and the pH increased from 7.07 

to 7.26. These changes, although relatively small, could have an influence on some of the 

parameters measured. The temperature difference, however, was quite large and averaged 

more than 7ºC higher in June-July 2009 than November to December 1996. Scheduling 

and funding deadlines required sampling to be completed in June-July. Consequently, the 

variability in temperature could not be avoided. The temperature difference could account 

for variability in some of the parameters, especially the microbiology. The higher water 

temperature in 2009 is probably responsible for the lower DO observed in 2009. 

 

The variability in these ancillary data is presented to describe and illustrate other parame-

ters that could influence the interpretation of the preconstruction and postconstruction 

results. Other than temperature, the influences are considered to be small. 

 

5.2.2 NUTRIENTS 
During the 2009 sampling, phosphorus was measured for the first 4 weeks to obtain gen-

eral background information and is discussed in Section 4. Phosphorus was not measured 

in 1996 so preconstruction comparisons are not possible. Consequently, the nutrients’ 

discussion will focus on NOx and its relationship with TKN and total N. 

 

Preliminary examination of the NOx data indicated there was a correlation between NOx 

and river flow. The weekly average values for the river stations and the canal stations are 

plotted against river flow and are shown in Figure 5-3. The figure illustrates the strong 

correlation between river flow and NOx and also illustrates the difficulty in examining the 

influence of septic tank closure with such high variability with river flow. 
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  FIGURE 5-2.  

   COMPARISON OF IN SITU  DATA DURING 1996 AND 2009
   SAMPLING PERIODS
    Source:  ECT, 2009.
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  FIGURE 5-3.

  NITRATE + NITRITE COMPARISON OF CANAL AND RIVER STATION
  AVERAGES IN 1996, 1997, AND 2009
   Source:  ECT, 2009.
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The figure also illustrates the high river flow conditions in 1997; consequently, the 1997 

data were not examined further for comparison with the 1996, preconstruction data. 

 

To further illustrate the relationship between river flow and NOx, the values were plotted 

in Figures 5-4 (1996 data) and 5-5 (2009 data). The figures illustrate two points:  (1) the 

consistently higher NOx values in the river versus the canals, and (2) the highly correlated 

relationship between NOx and river flow with NOx decreasing with increasing river flow. 

 

To further examine the 1996 data and the 2009 NOx postconstruction data, the average 

values for the river stations and the canal stations were calculated and presented in Ta-

bles 5-1 and 5-2. The data for TKN, total N, and the coliform data are also summarized 

on these tables. As illustrated in Figure 5-4 and 5-5, the results indicate the NOx was con-

sistently lower in the canals than in the river for both years. Also, there was an overall 

reduction (average of all stations) in NOx in 2009. However, the reduction could not be 

attributed to closing septic tanks because the reduction at the river stations (40 percent) 

was comparable to the reduction at the canal stations (47 percent). 

 

For the other nitrogen species, TKN increased from 1996 to 2009, but the values ob-

served in the river were comparable to the values in the canals in both 1996 and 2009. 

The increase in TKN was offset by the decrease in NOx such that the total N remained 

nearly unchanged between 1996 and 2009 as shown in Figure 5-6. The reduction in NOx 

and the increase in TKN observed in 2009 was probably the result of higher water tem-

peratures and reduced DO in 2009, and the changes could not be attributed to removal of 

septic tanks. 

 

5.2.3 MICROBIOLOGY 
The following section compares the results of the microbiology from 1996 with the re-

cent samples. Source tracking and enterococci analyses were not completed in 1996 and, 

consequently, are not presented here, but were discussed in Section 4. 
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  FIGURE 5-4.

   NITRATE + NITRITE-FLOW RELATIONSHIP 1996 AVERAGE VALUES IN CANAL 
  AND CONTROL STATIONS
    Source:  ECT, 2009.
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  FIGURE 5-5.

  NITRATE + NITRITE-FLOW RELATIONSHIP 2009 AVERAGE VALUES IN 
  CANAL AND CONTROL STATIONS
    Source:  ECT, 2009.
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Table 5-1. Changes in average concentrations between the 1996 and 2009 sampling 
events. Data are presented for River Stations, Canal Stations, and combined 
River and Canal Stations (Overall) 

 

Water Quality 

 
River 

Stations % change 
Canal  

Stations % change Overall  % change 

Parameters 
 

1996 
 2009 from 1996

1996 
 

2009 
 

from 1996 
 

1996 
 

2009 
 

 
from 1996 

 
 

Fecal coliform 134 33 -75 485 89 -82 309 61 -80 
Total coliform 170 841 394 537 1401 161 354 1121 217 
Nitrate/Nitrite 0.88 0.52 -40 0.73 0.39 -47 0.80 0.46 -43 

TKN 0.39 0.66 71 0.41 0.69 68 0.40 0.68 69 
Total N 

 
1.26 

 
1.19 

 
-6 
 

1.14 
 

1.07 
 

-6 
 

1.20 
 

1.13 
 

-6 
 

 
Source:  ECT, 2009. 
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Table 5-2. Differences in average concentrations between River and canal Stations in 
the years 1996 and 2009 

 
 

Water Quality 1996 % 2009 % 

Parameters 
 

River  
Stations 

 

Canal  
Stations 

 
Difference 

 

River  
Stations 

 

Canal  
Stations 

 
Difference 

 

Fecal coliform 134 485 262 33 89 170 
Total coliform 170 537 216 841 1401 67 
Nitrate/Nitrite 0.88 0.73 -17 0.52 0.39 -25 

TKN 0.39 0.41 5 0.66 0.69 5 
Total N 

 
1.26 

 
1.14 

 
-10 

 
1.19 

 
1.07 

 
-10 

 
 
Source:  ECT, 2009. 
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  FIGURE 5-6. 
  COMPARISON OF NOX, TKN, AND TOTAL N
  BETWEEN 1996 AND 2009 (AVERAGE VALUES 
  ARE SHOWN WITH + STANDARD DEVIATION
     Source:  ECT, 2009.
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Salmonella 

Salmonella samples were analyzed for presence/absence only, and the 2009 results are 

presented in Section 4. In 2009 salmonella was present in 46.8 percent of the river sam-

ples and only 22.5 percent of the canal stations. This indicates that salmonella issuing 

from the canals is not the primary source of salmonella in the river. 

 

In 1996 salmonella was present in the river stations 75 percent of the time with 

100 percent occurrence at Stations 8, 9, and 10, and no occurrence at Station 7. Salmo-

nella was present in the five canal stations only 15 percent of the time in 1996. Conse-

quently, the occurrence of salmonella decreased from 75 percent to 46.8 percent from 

1996 to 2009; however, in the canal stations, the occurrence increased slightly from 

15 percent in 1996 to 22.5 percent in 2009. The results indicate that during both studies 

the occurrence of salmonella was higher in the river than in the canals. Further, since the 

occurrences in the canals was slightly higher in 2009, there was no observed reduction 

resulting from septic tank closure. This conclusion, however, does not account for the 

unknown effects of the 7ºC difference in water temperatures between the two sampling 

events. 

 

Coliforms

The average observed coliform values for both fecal and total coliforms for 1996 and 

2009 and for all river and canal stations are presented in Table 5-1. As with the other pa-

rameters, the results from the 1997 sampling are not presented because of extremely high 

river flow that biased the data in 1999. Several key items are apparent in the data. The 

fecal coliform values are much higher in the canals than in the river in both 1996 

(351 percent higher) and 2009 (170 percent higher) suggesting that the canals are a 

source of fecal coliforms to the river. This is not surprising given the concentration of 

fish, birds, and other animals in canal areas. 

 

The data also indicate that there was a reduction in fecal coliforms in 2009 in both the 

canals (85 percent reduction) and the river station (75 percent reduction). However, since 

the reduction observed in the river stations is comparable to that observed in the canals, it 

cannot be concluded that the reduction is a benefit of closing the septic tanks. It is prob-
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able that the seasonal variations affected the results since the 2009 data were collected in 

the summer, and the 1996 data were collected in late fall. 

 

Similar to the fecal coliform data, the total coliform values were higher in the canals in 

both 1996 (216 percent higher) and 2009 (67 percent higher), again indicating that the 

canals are a source of coliforms to the river. However, contrary to the fecal coliform re-

sults, the total coliform counts increased in 2009 at both the river and canal stations. Con-

sequently, closing the septic tanks did not reduce the total coliform values, and the in-

creases observed were probably caused by seasonal variability. 

 

5.2.4 STATISTICAL TREATMENT 
The primary goal of the 2009 study was to evaluate and document any potential im-

provements in water quality from closing 850 septic tanks in the town of Suwannee and 

establishing a central wastewater treatment system. A simple before and after comparison 

was completed by changing river flows, rainfall, and water temperatures. Further, similar 

change in the test parameters were observed in the river (control) stations as observed in 

the canal stations. Consequently, separating regional or seasonal changes in the river ba-

sin from potential septic tank closure benefits was difficult.  

 

The observed changes between 2009 and 1996 were discussed in the previous sections. 

The results indicated the differences between the concentrations of canal and river sta-

tions for a few of the indicator parameters were reduced in 2009 as compared to 1996 (re-

fer to Table 5-1). 

 

To help determine if these differences were attributable to septic tank closure, water qual-

ity data from the 1996 and 2009 sampling events were further analyzed using five indica-

tor parameters including total and fecal coliforms, NOx, TKN, and total N. For each sam-

pling week, each indicator parameter was grouped as a canal station or river station. Av-

erages of canal stations and river stations were calculated for each of the parameters and 

are presented in Table 5-3. 
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Table 5-3.  Weekly Averages of River and Canal Stations and their Differences 

1996 

 Fecal Coliform Total Coliform Nitrate/Nitrite TKN Total N 

Week # River Canal 
Differ- 
ence River Canal 

Differ- 
ence River Canal 

Differ- 
ence River Canal 

Differ- 
ence River Canal 

Differ 
-ence 

1 80 784 704 134 806 672 0.815 0.616 -0.199 0.423 0.528 0.106 1.237 1.144 -0.094 
2 425 1138 713 498 1214 717 0.896 0.785 -0.111 0.400 0.502 0.102 1.296 1.287 -0.009 
3 213 716 504 223 790 568 0.957 0.796 -0.161 0.313 0.292 -0.021 1.269 1.088 -0.181 
4 138 458 320 230 534 304 0.988 0.779 -0.209 0.470 0.308 -0.162 1.458 1.087 -0.371 
5 124 302 179 166 442 276 0.913 0.774 -0.138 0.428 0.390 -0.038 1.340 1.164 -0.176 
6 31 138 107 37 144 106 0.866 0.746 -0.120 0.345 0.382 0.037 1.211 1.128 -0.083 
7 37 287 250 35 318 284 0.871 0.728 -0.142 0.298 0.362 0.065 1.168 1.090 -0.078 
8 25 57 32 40 52 12 0.708 0.594 -0.114 0.430 0.544 0.114 1.138 1.138 0.000 

Mean 134 485 351 170 537 367 0.876 0.727 -0.149 0.388 0.414 0.025 1.265 1.141 -0.124 
                

2009 

 Fecal Coliform Total Coliform Nitrate/Nitrite TKN Total N 

Week # River Canal 
Differ- 
ence River Canal 

Differ- 
ence River Canal 

Differ- 
ence River Canal 

Differ- 
ence River Canal 

Differ- 
ence 

1 54 119 66 75 40 -35 0.693 0.496 -0.197 0.390 0.442 0.052 1.083 0.938 -0.145 
2 11 52 41 570 696 127 0.364 0.242 -0.121 0.795 0.734 -0.061 1.159 0.976 -0.182 
3 18 83 66 570 1785 1216 0.268 0.229 -0.039 0.873 0.832 -0.041 1.140 1.061 -0.079 
4 10 69 59 377 1385 1008 0.328 0.270 -0.058 0.893 0.900 0.008 1.220 1.170 -0.050 
5 40 62 23 924 1216 292 0.415 0.320 -0.095 0.745 0.902 0.157 1.160 1.222 0.062 
6 29 182 154 694 2372 1679 0.596 0.435 -0.161 0.743 0.722 -0.021 1.338 1.157 -0.182 
7 71 78 7 2425 2342 -83 0.762 0.603 -0.159 0.478 0.484 0.007 1.240 1.087 -0.153 
8 36 68 32 1097 1369 273 0.766 0.499 -0.266 0.385 0.490 0.105 1.151 0.989 -0.161 

Mean 33 89 56 841 1401 559 0.524 0.387 -0.137 0.663 0.688 0.026 1.186 1.075 -0.111 
 
Source:  ECT, 2009. 
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In an attempt to assess the septic tank closure contribution to canal water with respect to 

river water background, the differences between the average concentrations of indicator 

parameters between the canal and river stations were determined for each of the eight 

weekly replicate sampling periods. These differences are also presented in Table 5-3. 

 

A two-sample (paired) t-test was used to compare the eight replicate weekly means of 

differences for each of the indicator parameters. This analysis was completed to test if 

there was a significant difference in the observed difference in canal versus river stations 

between 1996 and 2009. Of the five parameters tested, only fecal coliform was signifi-

cantly different between the 1996 and 2009 replicate samples (see Table 5-4). This dif-

ference is the result of a larger change in the canal values as compared to the change in 

the river values in the 2009 versus 1996 samples (see Table 5-1). When the background 

variation in river water quality was considered, none of the remaining parameters were 

significantly different.  
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Table 5-4. Mean and Standard Deviation of the Differences in River and Canal Stations  
  Averages in 1996 and 2009 
 

  
 

1996 2009   
  Standard  Standard  

Parameters 
 

 
Mean 

 

 
Deviation 

 
Mean 

 
Deviation 

 
P 
 

Fecal Coliform 351 262 56 45 0.017* 
Total Coliform 367 259 559 654 0.502 
Nitrate/Nitrite -0.149 0.038 -0.137 0.075 0.732 
TKN 0.025 0.095 0.026 0.075 0.993 
Total N -0.124 0.120 -0.111 0.085 0.856 
      
 
*Indicates significant difference. 
 
Note: P = value is the probability of being wrong in concluding that there is a true  
  difference between the groups. 
 
Source: ECT, 2009. 
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6.0 CONCLUSIONS AND RECOMMENDATIONS 

 

6.1 CONCLUSIONS 

The goal of this study was to evaluate the long-term effects of closing about 850 OSTDS 

in the town of Suwannee and installing a central wastewater treatment system. The ap-

proach was to sample water quality in the Suwannee River and the canals within the town 

of Suwannee and compare the results with data collected in 1996 prior to OSTDS clo-

sures. Attempts were made to repeat the sampling study in 2009 as close as practical to 

the study in 1996 to enhance the comparability of the results. 

 

The results did not suggest that there was large improvement in water quality in the ca-

nals between 1996 and 2009 that could be attributed to closing the OSTDS. Interpretation 

of the results, however, was difficult because of changing river flows, seasonal differ-

ences and variability in the river (control) stations. However, several specific observa-

tions were noted: 

• Salmonella occurrences were higher in the river than in the canals in both 2009 

and 1996 indicating the canals were not the primary source of salmonella. The oc-

currences of salmonella in 2009 were slightly higher than 1996. Salmonella oc-

curred more frequently downstream than upstream. 

• NOx exhibited a strong correlation with river flow and decreased with increasing 

river flow. TKN increased with increasing river flow. There was consistently 

more NOx in the river samples than in the canals. 

• The source tracking results indicated human material was present about 42 percent 

of the time and about equally present in the canals and the river. 

• The total and fecal coliform values were much higher in the canals than in the riv-

er in both 1996 and 2009. The fecal coliforms decreased from 1996 to 2009 in 

both the canals and the river stations whereas the total coliforms increased from 

1996 to 2009. The higher values in the canals as compared to the river are proba-

bly from domestic animals or wildlife concentrated near the canals. 

• Simple statistical comparison of the 2009 results with the 1996 results were com-

plicated by large changes in the river (control) stations resulting from variability 

in river flow and possibly water temperature (seasonality). Consequently, a more 
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detailed statistical approach was used to filter the effects of changes in the control 

stations. 

• Monitoring well results displayed higher nutrient concentrations than surface wa-

ters. 

• Using a statistical method to account for the variability in the river (control) sta-

tions, the only statistically significant observation was a reduction in fecal coli-

forms in the canals in 2009 as compared to 1996. This would indicate a benefit of 

closing the OSTDS.  

 

6.2 RECOMMENDATIONS 
The difficulty to date in assessing the potential benefits of OSTDS closure in the town of 

Suwannee is controlling outside environmental influences that can mask any real changes 

that might be present. In 1997 the large increase in rainfall and river flow resulted in 

large changes in the river (control) stations. Similar large changes observed in the river 

station were apparent in the canals, but it could not be determined if the improvements 

resulted from general changes in water quality in the area or resulted from closing the 

OSTDS. Similarly in 2009, a significant reduction in fecal coliforms was apparent in the 

canals, but it was not certain if this was a direct result of OSTDS closures or a seasonal 

effect caused by warmer water or variation in wildlife occurrences. 

 

Consequently, it is recommended that the sampling be repeated in November/December 

in an attempt to closely match the environmental conditions present during the baseline 

sampling in 1996. This should allow for two key comparisons: 

• Comparison of the 1996 baseline conditions (pre-OSTDS closure) under the simi-

lar seasonal and river flow conditions. 

• Comparison of the winter conditions with the 2009 summer conditions. 

 

This should enhance the chances of identifying benefits of the OSTDS closure if they ex-

ist. 

 



 REF-1J:\HSES_SHARED\RESEARCH\PROJECTS\SUWANNEE CMP GRANT\CONTRACT\DELIVERABLES\TA

REFERENCES 

 
American Public Health Association (APHA), American Water Works Association 

(AWWA), and Water Pollution Control Federation (WPCF). 1998. Standard Me-
thods for the Examination of Water and Wastewater, 20th Edition. APHA, Wash-
ington, DC. 

 
Environmental Consulting & Technology, Inc. (ECT). 1998. Evaluation of the Potential 

for Restoring Commercially Viable Oyster Harvesting in Suwannee Sound. June 
1998. 

 
Environmental Consulting & Technology, Inc. (ECT).  2009. Quality Assurance Project 

Plan for the Evaluation of Water Quality. May 2009. 
 
Florida Department of Health and Rehabilitative Services (FDHRS). 1991. Suwannee 

River Floodplain Onsite Sewage Disposal System Inventory, Annual Report, 
1991. Prepared by FDHRS in cooperation with the Suwannee River Water Man-
agement District (SRWMD). 

 
Glatzer, M.B. (editor). 1990. “Special Study of Incidence of Salmonella in Suwannee 

Sound, October 23 - November 8, 1990.” Prepared by the Florida Department of 
Natural Resources (FDNR), Florida Department of Agriculture and Consumer 
Services (FDACS), and U.S. Food and Drug Administration (FDA). 

 
Suwannee River Water Management District (SRWMD). 2009. <http://www.srwmd.org/ 

index.aspx?NID=311. 
 
U.S. Geological Survey (USGS). 2009. <http://waterdata.usgs.gov/fl/nwis/dv/ 

?site_no=02323500&amp;referred_module=sw>. 
 

http://www.srwmd.org/%20index.aspx?NID=311
http://www.srwmd.org/%20index.aspx?NID=311
http://waterdata.usgs.gov/fl/nwis/dv/%20?site_no=02323500&amp;referred_module=sw
http://waterdata.usgs.gov/fl/nwis/dv/%20?site_no=02323500&amp;referred_module=sw


 J:\HSES_SHARED\RESEARCH\PROJECTS\SUWANNEE CMP GRANT\CONTRACT\DELIVERABLES\TASK 5 F

ACKNOWLEDGEMENT 

 

ECT would like to acknowledge the following funding sources for this project: the U.S. 

National Oceanic and Atmospheric Administration and the Florida Department of Health 

Onsite Sewage Research Trust Fund. 

ECT would like to thank the following people for their hard work and valuable insight on 

this project: the U.S. National Oceanic and Atmospheric Administration; the FDOH Re-

search Review and Advisory Committee; FDEP; FDOH staff, especially Ms. Elke Ursin, 

Mr. Eberhard Roeder, and Mr. Paul Booher; and the many other people that contributed.  

Their assistance was invaluable. 

 



 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX A –  
SUPPLEMENTAL DATA 



Fecal Coliform
Source: Florida Department of Agriculture and Consumer Services, 2009

SEAS STORET Dilution for Time Fecal coli Verified*
Station No Station ID Coliforms Date HHMM mpn/100ml

201 28SEAS201 3 3/7/1996 930 350 V
201 28SEAS201 3 4/11/1996 935 1 V
201 28SEAS201 3 4/17/1996 1200 33 V
201 28SEAS201 3 4/18/1996 1057 17 V
201 28SEAS201 3 4/23/1996 955 27 V
201 28SEAS201 3 5/7/1996 933 23 V
201 28SEAS201 3 5/16/1996 858 79 V
201 28SEAS201 3 5/21/1996 805 17 V
201 28SEAS201 3 5/28/1996 810 70 V
201 28SEAS201 3 6/5/1996 1125 49 V
201 28SEAS201 3 6/20/1996 930 13 V
201 28SEAS201 3 6/26/1996 840 23 V
201 28SEAS201 3 7/18/1996 1013 49 V
201 28SEAS201 3 7/29/1996 740 49 V
201 28SEAS201 3 8/8/1996 1035 49 V
201 28SEAS201 3 8/13/1996 930 130 V
201 28SEAS201 3 8/22/1996 1200 49 V
201 28SEAS201 3 8/28/1996 937 79 V
201 28SEAS201 3 9/5/1996 834 46 V
201 28SEAS201 3 9/12/1996 1425 49 V
201 28SEAS201 3 9/17/1996 805 49 V
201 28SEAS201 3 9/25/1996 907 79 V
201 28SEAS201 3 10/2/1996 927 23 V
201 28SEAS201 3 11/6/1996 1355 33 V
201 28SEAS201 3 11/7/1996 1235 240 V
201 28SEAS201 3 11/12/1996 1140 23 V
201 28SEAS201 3 11/18/1996 1335 220 V
201 28SEAS201 3 11/25/1996 925 220 V
201 28SEAS201 3 12/2/1996 1235 350 V
201 28SEAS201 3 12/9/1996 1025 350 V
201 28SEAS201 3 12/16/1996 1010 49 V
201 28SEAS201 3 12/30/1996 1045 13 V
201 28SEAS201 3 1/8/1997 935 110 V
201 28SEAS201 3 1/22/1997 952 43 V
201 28SEAS201 3 2/6/1997 945 350 V
201 28SEAS201 3 2/13/1997 930 23 V
201 28SEAS201 3 2/17/1997 940 8 V
201 28SEAS201 3 2/27/1997 1130 79 V
201 28SEAS201 3 3/6/1997 933 240 V
201 28SEAS201 3 3/12/1997 1100 49 V
201 28SEAS201 3 3/27/1997 950 110 V
201 28SEAS201 3 4/3/1997 940 17 V
201 28SEAS201 3 4/9/1997 905 33 V
201 28SEAS201 3 4/16/1997 915 23 V
201 28SEAS201 3 4/21/1997 1000 70 V
201 28SEAS201 3 5/22/1997 932 33 V
201 28SEAS201 3 6/4/1997 930 140 V



201 28SEAS201 3 6/12/1997 945 13 V
201 28SEAS201 3 6/23/1997 946 33 V
201 28SEAS201 3 6/26/1997 912 79 V
201 28SEAS201 3 7/1/1997 829 49 V
201 28SEAS201 3 7/10/1997 841 70 V
201 28SEAS201 3 7/17/1997 918 70 V
201 28SEAS201 3 7/24/1997 937 49 V
201 28SEAS201 3 7/31/1997 824 240 V
201 28SEAS201 3 8/27/1997 835 49 V
201 28SEAS201 3 9/4/1997 945 79 V
201 28SEAS201 3 9/10/1997 940 240 V
201 28SEAS201 3 9/18/1997 925 180 V
201 28SEAS201 3 9/23/1997 1445 49 V
201 28SEAS201 3 10/1/1997 925 79 V
201 28SEAS201 3 10/9/1997 1402 33 V
201 28SEAS201 3 10/16/1997 925 110 V
201 28SEAS201 3 10/23/1997 930 79 V
201 28SEAS201 3 11/24/1997 1000 13 V
201 28SEAS201 3 12/1/1997 1150 110 V
201 28SEAS201 3 1/8/1998 1245 170 V
201 28SEAS201 3 4/2/1998 1000 17 V
201 28SEAS201 3 5/14/1998 915 22 V
201 28SEAS201 3 6/1/1998 910 23 V
201 28SEAS201 3 6/8/1998 905 23 V
201 28SEAS201 3 7/14/1998 913 33 V
201 28SEAS201 3 8/25/1998 1315 79 V
201 28SEAS201 3 10/27/1998 925 79 V
201 28SEAS201 3 11/24/1998 1135 70 V
201 28SEAS201 3 12/8/1998 725 130 V
201 28SEAS201 3 2/4/1999 805 350 V
201 28SEAS201 3 3/11/1999 830 110 V
201 28SEAS201 3 4/14/1999 1046 23 V
201 28SEAS201 3 5/4/1999 811 22 V
201 28SEAS201 3 6/10/1999 810 2 V
201 28SEAS201 3 7/8/1999 840 8 V
201 28SEAS201 3 8/23/1999 945 23 V
201 28SEAS201 3 10/11/1999 1000 79 V
201 28SEAS201 3 11/4/1999 1110 23 V
201 28SEAS201 3 12/6/1999 915 170 V
201 28SEAS201 3 1/5/2000 1010 49 V
201 28SEAS201 3 4/11/2000 930 130 V
201 28SEAS201 3 5/2/2000 930 94 V
201 28SEAS201 3 6/28/2000 900 23 V
201 28SEAS201 3 7/19/2000 855 33 V
201 28SEAS201 3 8/23/2000 650 23 V
201 28SEAS201 3 9/27/2000 1010 33 V
201 28SEAS201 3 11/20/2000 910 33 V
201 28SEAS201 3 12/5/2000 900 7 V
201 28SEAS201 3 1/17/2001 725 49 V
201 28SEAS201 3 2/20/2001 949 79 V
201 28SEAS201 3 4/17/2001 945 7 V
201 28SEAS201 3 5/14/2001 812 2 V
201 28SEAS201 3 6/20/2001 919 70 V
201 28SEAS201 3 7/12/2001 921 110 V
201 28SEAS201 3 8/28/2001 855 49 V



201 28SEAS201 3 10/25/2001 847 33 V
201 28SEAS201 3 11/7/2001 925 920 V
201 28SEAS201 3 12/17/2001 930 70 V
201 28SEAS201 3 1/14/2002 1140 110 V
201 28SEAS201 3 4/11/2002 1029 540 V
201 28SEAS201 3 5/6/2002 1002 8 V
201 28SEAS201 3 6/10/2002 1017 5 V
201 28SEAS201 3 7/1/2002 1043 22 V
201 28SEAS201 3 8/28/2002 1002 130 V
201 28SEAS201 3 12/4/2002 1351 27 V
201 28SEAS201 3 1/28/2003 1218 8 V
201 28SEAS201 3 4/16/2003 1337 79 V
201 28SEAS201 3 5/5/2003 1439 33 V
201 28SEAS201 3 7/22/2003 1036 49 V
201 28SEAS201 3 8/26/2003 930 130 V
201 28SEAS201 3 10/8/2003 1312 33 V
201 28SEAS201 3 12/18/2003 1026 130 V
201 28SEAS201 3 3/15/2004 1325 33 V
201 28SEAS201 3 5/10/2004 938 49 V
201 28SEAS201 3 7/7/2004 1430 8 V
201 28SEAS201 3 8/26/2004 832 79 V
201 28SEAS201 3 10/26/2004 1039 79 V
201 28SEAS201 3 11/17/2004 1012 79 V
201 28SEAS201 3 12/8/2004 1126 240 V
201 28SEAS201 3 1/10/2005 1352 170 V
201 28SEAS201 3 2/8/2005 1324 23 V
201 28SEAS201 3 3/22/2005 1135 46 V
201 28SEAS201 3 6/13/2005 1416 33 V
201 28SEAS201 3 8/15/2005 1245 13 V
201 28SEAS201 3 10/3/2005 1047 23 V
201 28SEAS201 3 1/24/2006 1020 79 V
201 28SEAS201 3 3/1/2006 1341 140 V
201 28SEAS201 3 6/20/2006 938 2 V
201 28SEAS201 3 7/17/2006 949 8 V
201 28SEAS201 3 8/8/2006 1216 23 V
201 28SEAS201 3 11/20/2006 1119 7 V
201 28SEAS201 3 12/7/2006 1143 79 V
201 28SEAS201 3 2/26/2007 1321 79 V
201 28SEAS201 3 3/6/2007 1223 13 V
201 28SEAS201 3 4/2/2007 1334 79 V
201 28SEAS201 3 5/2/2007 1031 49 V
201 28SEAS201 3 7/17/2007 924 13 V
201 28SEAS201 3 8/27/2007 1308 11 V
201 28SEAS201 3 11/8/2007 1251 70 V
201 28SEAS201 3 12/11/2007 1339 110 V
201 28SEAS201 3 4/2/2008 1305 130 V
201 28SEAS201 3 5/12/2008 1240 79 V
201 28SEAS201 3 6/17/2008 1000 23 V
201 28SEAS201 3 7/14/2008 1234 2 V
201 28SEAS201 3 9/8/2008 1020 70 V
201 28SEAS201 3 10/1/2008 1311 79 V
201 28SEAS201 3 11/12/2008 1144 31 V
201 28SEAS201 3 12/8/2008 1319 79 V
201 28SEAS201 3 2/9/2009 1258 49 V
201 28SEAS201 3 3/16/2009 1104 220 V



201 28SEAS201 3 4/29/2009 1313 13 V

202 28SEAS202 3 9/28/1983 1347 70 V
202 28SEAS202 3 9/29/1983 1154 240 V
202 28SEAS202 3 10/12/1983 758 49 V
202 28SEAS202 3 2/23/1984 1033 33 V
202 28SEAS202 3 5/9/1984 1001 14 V
202 28SEAS202 3 8/15/1984 859 17 V
202 28SEAS202 3 11/27/1984 806 140 V
202 28SEAS202 3 11/28/1984 913 240 V
202 28SEAS202 3 11/29/1984 1042 94 V
202 28SEAS202 3 12/17/1984 1219 49 V
202 28SEAS202 3 12/18/1984 944 79 V
202 28SEAS202 3 12/19/1984 955 46 V
202 28SEAS202 3 2/4/1985 1241 33 V
202 28SEAS202 3 2/5/1985 1014 49 V
202 28SEAS202 3 2/6/1985 1021 110 V
202 28SEAS202 3 2/7/1985 1013 350 V
202 28SEAS202 3 2/8/1985 945 33 V
202 28SEAS202 3 3/27/1985 1243 33 V
202 28SEAS202 3 3/28/1985 952 33 V
202 28SEAS202 3 4/23/1985 1305 26 V
202 28SEAS202 3 4/24/1985 906 49 V
202 28SEAS202 3 4/25/1985 937 49 V
202 28SEAS202 3 6/13/1985 1149 33 V
202 28SEAS202 3 6/14/1985 900 70 V
202 28SEAS202 3 7/24/1985 848 33 V
202 28SEAS202 3 7/25/1985 950 110 V
202 28SEAS202 3 12/3/1985 1212 33 V
202 28SEAS202 3 12/4/1985 1007 13 V
202 28SEAS202 3 12/5/1985 909 8 V
202 28SEAS202 3 3/17/1986 1211 17 V
202 28SEAS202 3 5/5/1986 1013 2 V
202 28SEAS202 3 6/3/1986 1231 5 V
202 28SEAS202 3 7/15/1986 1233 49 V
202 28SEAS202 3 7/29/1986 X 49 V
202 28SEAS202 3 7/30/1986 X 33 V
202 28SEAS202 3 8/12/1986 1119 70 V
202 28SEAS202 3 8/13/1986 1036 79 V
202 28SEAS202 3 8/14/1986 1146 540 V
202 28SEAS202 3 5/28/1987 905 33 V
202 28SEAS202 3 8/26/1987 1102 49 V
202 28SEAS202 3 9/8/1987 958 110 V
202 28SEAS202 3 9/17/1987 938 540 V
202 28SEAS202 3 9/21/1987 1222 170 V
202 28SEAS202 3 11/17/1987 1055 240 V
202 28SEAS202 3 11/30/1987 1408 33 V
202 28SEAS202 3 1/25/1988 1115 22 V
202 28SEAS202 3 2/25/1988 1025 17 V
202 28SEAS202 3 3/10/1988 1015 79 V
202 28SEAS202 3 3/15/1988 X 33 V
202 28SEAS202 3 3/17/1988 1016 23 V
202 28SEAS202 3 3/22/1988 1431 27 V
202 28SEAS202 3 5/12/1988 948 79 V
202 28SEAS202 3 7/29/1988 1200 8 V



202 28SEAS202 3 9/15/1988 1334 220 V
202 28SEAS202 3 9/20/1988 1037 170 V
202 28SEAS202 3 9/23/1988 1031 79 V
202 28SEAS202 3 10/5/1988 1053 110 V
202 28SEAS202 3 11/28/1988 1108 350 V
202 28SEAS202 3 11/30/1988 1107 33 V
202 28SEAS202 3 12/21/1988 1040 170 V
202 28SEAS202 3 1/27/1989 1001 79 V
202 28SEAS202 3 2/21/1989 1143 130 V
202 28SEAS202 3 3/27/1989 1047 170 V
202 28SEAS202 3 4/25/1989 1059 70 V
202 28SEAS202 3 8/24/1989 946 240 V
202 28SEAS202 3 8/29/1989 1029 23 V
202 28SEAS202 3 9/7/1989 1016 33 V
202 28SEAS202 3 9/28/1989 1004 130 V
202 28SEAS202 3 10/17/1989 1103 350 V
202 28SEAS202 3 11/7/1989 946 79 V
202 28SEAS202 3 12/14/1989 1007 350 V
202 28SEAS202 3 12/18/1989 811 14 V
202 28SEAS202 3 12/21/1989 834 27 V
202 28SEAS202 3 2/12/1990 1216 13 V
202 28SEAS202 3 2/27/1990 910 4 V
202 28SEAS202 3 3/14/1990 915 17 V
202 28SEAS202 3 4/26/1990 911 49 V
202 28SEAS202 3 8/20/1990 1100 49 V
202 28SEAS202 3 8/31/1990 939 23 V
202 28SEAS202 3 9/4/1990 1049 23 V
202 28SEAS202 3 1/17/1991 1114 240 V
202 28SEAS202 3 1/22/1991 1420 14 V
202 28SEAS202 3 1/24/1991 1032 49 V
202 28SEAS202 3 1/31/1991 1025 79 V
202 28SEAS202 3 2/5/1991 1141 130 V
202 28SEAS202 3 2/12/1991 1019 240 V
202 28SEAS202 3 4/9/1992 1030 49 V
202 28SEAS202 3 8/20/1992 949 23 V
202 28SEAS202 3 9/24/1992 957 130 V
202 28SEAS202 3 10/28/1992 1300 540 V
202 28SEAS202 3 12/28/1992 1520 49 V
202 28SEAS202 3 3/25/1993 1650 23 V
202 28SEAS202 3 5/18/1993 850 13 V
202 28SEAS202 3 10/14/1993 1123 27 V
202 28SEAS202 3 2/22/1994 1221 130 V
202 28SEAS202 3 3/15/1994 1040 17 V
202 28SEAS202 3 5/24/1994 915 33 V
202 28SEAS202 3 8/29/1994 1210 13 V
202 28SEAS202 3 9/29/1994 810 23 V
202 28SEAS202 3 11/30/1994 1110 350 V
202 28SEAS202 3 12/15/1994 900 33 V
202 28SEAS202 3 2/23/1995 830 33 V
202 28SEAS202 3 3/16/1995 1005 49 V
202 28SEAS202 3 4/4/1995 950 13 V
202 28SEAS202 3 8/30/1995 745 33 V
202 28SEAS202 3 11/15/1995 815 33 V
202 28SEAS202 3 2/14/1996 845 17 V
202 28SEAS202 3 2/21/1996 1110 130 V



202 28SEAS202 3 3/7/1996 730 240 V
202 28SEAS202 3 4/4/1996 1335 23 V
202 28SEAS202 3 4/11/1996 940 11 V
202 28SEAS202 3 4/17/1996 1205 33 V
202 28SEAS202 3 4/18/1996 1101 33 V
202 28SEAS202 3 4/23/1996 959 17 V
202 28SEAS202 3 5/7/1996 936 33 V
202 28SEAS202 3 5/16/1996 902 49 V
202 28SEAS202 3 5/21/1996 810 33 V
202 28SEAS202 3 5/28/1996 820 23 V
202 28SEAS202 3 6/5/1996 1130 79 V
202 28SEAS202 3 6/11/1996 910 22 V
202 28SEAS202 3 6/20/1996 940 13 V
202 28SEAS202 3 6/26/1996 845 1 V
202 28SEAS202 3 7/18/1996 1018 33 V
202 28SEAS202 3 7/29/1996 745 46 V
202 28SEAS202 3 8/8/1996 1038 23 V
202 28SEAS202 3 8/13/1996 935 49 V
202 28SEAS202 3 8/22/1996 1155 23 V
202 28SEAS202 3 8/28/1996 941 79 V
202 28SEAS202 3 9/5/1996 838 79 V
202 28SEAS202 3 9/12/1996 1420 8 V
202 28SEAS202 3 9/17/1996 815 170 V
202 28SEAS202 3 9/25/1996 911 33 V
202 28SEAS202 3 10/2/1996 931 79 V
202 28SEAS202 3 11/6/1996 1350 33 V
202 28SEAS202 3 11/18/1996 1340 350 V
202 28SEAS202 3 12/2/1996 1240 540 V
202 28SEAS202 3 12/9/1996 1030 350 V
202 28SEAS202 3 12/16/1996 1015 49 V
202 28SEAS202 3 12/30/1996 1050 70 V
202 28SEAS202 3 1/8/1997 945 49 V
202 28SEAS202 3 1/22/1997 957 33 V
202 28SEAS202 3 2/6/1997 948 23 V
202 28SEAS202 3 2/13/1997 934 33 V
202 28SEAS202 3 2/17/1997 945 8 V
202 28SEAS202 3 2/27/1997 1312 70 V
202 28SEAS202 3 3/6/1997 936 170 V
202 28SEAS202 3 3/12/1997 1110 49 V
202 28SEAS202 3 3/27/1997 955 110 V
202 28SEAS202 3 4/9/1997 908 49 V
202 28SEAS202 3 4/16/1997 919 13 V
202 28SEAS202 3 4/21/1997 1010 46 V
202 28SEAS202 3 5/22/1997 935 110 V
202 28SEAS202 3 6/4/1997 940 31 V
202 28SEAS202 3 6/12/1997 949 23 V
202 28SEAS202 3 6/23/1997 953 49 V
202 28SEAS202 3 6/26/1997 916 33 V
202 28SEAS202 3 7/1/1997 833 33 V
202 28SEAS202 3 7/10/1997 845 49 V
202 28SEAS202 3 7/17/1997 923 79 V
202 28SEAS202 3 7/24/1997 840 33 V
202 28SEAS202 3 7/31/1997 828 49 V
202 28SEAS202 3 8/14/1997 926 X V
202 28SEAS202 3 8/27/1997 840 49 V



202 28SEAS202 3 9/4/1997 948 49 V
202 28SEAS202 3 9/10/1997 950 49 V
202 28SEAS202 3 9/18/1997 927 33 V
202 28SEAS202 3 9/23/1997 1440 110 V
202 28SEAS202 3 10/1/1997 930 49 V
202 28SEAS202 3 10/9/1997 1358 49 V
202 28SEAS202 3 10/16/1997 930 170 V
202 28SEAS202 3 10/23/1997 945 33 V
202 28SEAS202 3 11/24/1997 1005 17 V
202 28SEAS202 3 12/1/1997 1155 79 V
202 28SEAS202 3 1/8/1998 1240 350 V
202 28SEAS202 3 4/2/1998 1015 33 V
202 28SEAS202 3 5/14/1998 922 21 V
202 28SEAS202 3 6/1/1998 930 49 V
202 28SEAS202 3 6/8/1998 910 33 V
202 28SEAS202 3 7/14/1998 920 23 V
202 28SEAS202 3 8/25/1998 1310 49 V
202 28SEAS202 3 10/27/1998 930 33 V
202 28SEAS202 3 12/8/1998 730 79 V
202 28SEAS202 3 2/4/1999 810 130 V
202 28SEAS202 3 3/11/1999 840 130 V
202 28SEAS202 3 4/14/1999 1050 23 V
202 28SEAS202 3 5/4/1999 815 23 V
202 28SEAS202 3 6/10/1999 815 1 V
202 28SEAS202 3 7/8/1999 845 17 V
202 28SEAS202 3 8/23/1999 950 33 V
202 28SEAS202 3 10/11/1999 1005 49 V
202 28SEAS202 3 11/4/1999 1115 8 V
202 28SEAS202 3 12/6/1999 920 130 V
202 28SEAS202 3 1/5/2000 1015 79 V
202 28SEAS202 3 4/11/2000 935 79 V
202 28SEAS202 3 5/2/2000 935 46 V
202 28SEAS202 3 6/28/2000 905 7 V
202 28SEAS202 3 7/19/2000 900 23 V
202 28SEAS202 3 8/23/2000 655 49 V
202 28SEAS202 3 9/27/2000 1015 70 V
202 28SEAS202 3 11/20/2000 915 5 V
202 28SEAS202 3 12/5/2000 905 4 V
202 28SEAS202 3 1/17/2001 730 130 V
202 28SEAS202 3 2/20/2001 953 49 V
202 28SEAS202 3 4/17/2001 950 1 V
202 28SEAS202 3 5/14/2001 817 13 V
202 28SEAS202 3 6/20/2001 921 17 V
202 28SEAS202 3 7/12/2001 925 130 V
202 28SEAS202 3 8/28/2001 858 49 V
202 28SEAS202 3 10/25/2001 850 22 V
202 28SEAS202 3 11/7/2001 928 240 V
202 28SEAS202 3 12/17/2001 937 79 V
202 28SEAS202 3 1/14/2002 1145 240 V
202 28SEAS202 3 4/11/2002 1031 130 V
202 28SEAS202 3 5/6/2002 1006 2 V
202 28SEAS202 3 6/10/2002 1020 8 V
202 28SEAS202 3 7/1/2002 1046 7 V
202 28SEAS202 3 8/28/2002 1004 33 V
202 28SEAS202 3 12/4/2002 1348 22 V



202 28SEAS202 3 1/28/2003 1220 9 V
202 28SEAS202 3 4/16/2003 1335 22 V
202 28SEAS202 3 5/5/2003 1434 31 V
202 28SEAS202 3 7/22/2003 1033 33 V
202 28SEAS202 3 8/26/2003 928 170 V
202 28SEAS202 3 10/8/2003 1308 110 V
202 28SEAS202 3 12/18/2003 1023 79 V
202 28SEAS202 3 3/15/2004 1321 49 V
202 28SEAS202 3 5/10/2004 940 46 V
202 28SEAS202 3 7/7/2004 1426 33 V
202 28SEAS202 3 8/26/2004 834 23 V
202 28SEAS202 3 10/26/2004 1041 23 V
202 28SEAS202 3 11/17/2004 1017 79 V
202 28SEAS202 3 12/8/2004 1128 79 V
202 28SEAS202 3 1/10/2005 1349 33 V
202 28SEAS202 3 2/8/2005 1320 49 V
202 28SEAS202 3 3/22/2005 1132 49 V
202 28SEAS202 3 6/13/2005 1412 33 V
202 28SEAS202 3 8/15/2005 1241 240 V
202 28SEAS202 3 10/3/2005 1050 49 V
202 28SEAS202 3 1/24/2006 1022 79 V
202 28SEAS202 3 3/1/2006 1338 130 V
202 28SEAS202 3 6/20/2006 940 2 V
202 28SEAS202 3 7/17/2006 951 23 V
202 28SEAS202 3 8/8/2006 1213 2 V
202 28SEAS202 3 11/20/2006 1122 33 V
202 28SEAS202 3 12/7/2006 1144 540 V
202 28SEAS202 3 2/26/2007 1317 170 V
202 28SEAS202 3 3/6/2007 1227 8 V
202 28SEAS202 3 4/2/2007 1331 70 V
202 28SEAS202 3 5/2/2007 1029 31 V
202 28SEAS202 3 7/17/2007 906 17 V
202 28SEAS202 3 8/27/2007 1305 33 V
202 28SEAS202 3 11/8/2007 1247 49 V
202 28SEAS202 3 12/11/2007 1335 23 V
202 28SEAS202 3 4/2/2008 1301 170 V
202 28SEAS202 3 5/12/2008 1244 8 V
202 28SEAS202 3 6/17/2008 1003 13 V
202 28SEAS202 3 7/14/2008 1230 5 V
202 28SEAS202 3 9/8/2008 1023 49 V
202 28SEAS202 3 10/1/2008 1306 79 V
202 28SEAS202 3 11/12/2008 1146 110 V
202 28SEAS202 3 12/8/2008 1316 49 V
202 28SEAS202 3 3/16/2009 1107 540 V
202 28SEAS202 3 4/29/2009 1309 8 V

244 28SEAS244 3 9/28/1983 1240 70 V
244 28SEAS244 3 9/29/1983 1239 33 V
244 28SEAS244 3 10/12/1983 953 130 V
244 28SEAS244 3 2/23/1984 1516 33 V
244 28SEAS244 3 5/9/1984 1452 8 V
244 28SEAS244 3 8/14/1984 1406 17 V
244 28SEAS244 3 11/27/1984 1148 920 V
244 28SEAS244 3 11/28/1984 1234 240 V
244 28SEAS244 3 11/29/1984 1032 33 V



244 28SEAS244 3 12/17/1984 1445 49 V
244 28SEAS244 3 12/19/1984 1230 49 V
244 28SEAS244 3 2/4/1985 1540 23 V
244 28SEAS244 3 2/5/1985 1245 2 V
244 28SEAS244 3 2/6/1985 1324 240 V
244 28SEAS244 3 2/7/1985 1403 17 V
244 28SEAS244 3 2/8/1985 1340 33 V
244 28SEAS244 3 3/27/1985 1533 5 V
244 28SEAS244 3 3/28/1985 1244 2 V
244 28SEAS244 3 4/23/1985 1525 23 V
244 28SEAS244 3 4/24/1985 1317 33 V
244 28SEAS244 3 4/25/1985 1209 17 V
244 28SEAS244 3 6/13/1985 1432 8 V
244 28SEAS244 3 6/14/1985 1225 79 V
244 28SEAS244 3 7/24/1985 1145 22 V
244 28SEAS244 3 7/25/1985 1255 49 V
244 28SEAS244 3 12/3/1985 1441 11 V
244 28SEAS244 3 12/4/1985 1322 5 V
244 28SEAS244 3 12/5/1985 1201 2 V
244 28SEAS244 3 3/17/1986 1502 5 V
244 28SEAS244 3 5/5/1986 1418 5 V
244 28SEAS244 3 7/15/1986 1615 5 V
244 28SEAS244 3 7/17/1986 1115 5 V
244 28SEAS244 3 7/29/1986 X 49 V
244 28SEAS244 3 7/30/1986 X 13 V
244 28SEAS244 3 8/12/1986 1421 49 V
244 28SEAS244 3 8/13/1986 1342 23 V
244 28SEAS244 3 8/14/1986 958 110 V
244 28SEAS244 3 5/28/1987 1330 13 V
244 28SEAS244 3 8/26/1987 1049 79 V
244 28SEAS244 3 9/8/1987 1422 79 V
244 28SEAS244 3 9/21/1987 1544 110 V
244 28SEAS244 3 11/23/1987 1006 130 V
244 28SEAS244 3 11/30/1987 1653 33 V
244 28SEAS244 3 2/25/1988 1350 27 V
244 28SEAS244 3 3/10/1988 1335 70 V
244 28SEAS244 3 3/15/1988 1414 33 V
244 28SEAS244 3 5/12/1988 1334 27 V
244 28SEAS244 3 7/29/1988 1458 33 V
244 28SEAS244 3 9/20/1988 1334 33 V
244 28SEAS244 3 9/23/1988 1254 23 V
244 28SEAS244 3 10/5/1988 1340 17 V
244 28SEAS244 3 11/30/1988 1424 22 V
244 28SEAS244 3 12/21/1988 1355 70 V
244 28SEAS244 3 1/27/1989 1255 33 V
244 28SEAS244 3 3/7/1989 1040 8 V
244 28SEAS244 3 3/27/1989 1345 17 V
244 28SEAS244 3 8/24/1989 1329 49 V
244 28SEAS244 3 8/29/1989 1307 49 V
244 28SEAS244 3 9/7/1989 1412 79 V
244 28SEAS244 3 9/28/1989 1322 49 V
244 28SEAS244 3 10/17/1989 1308 540 V
244 28SEAS244 3 11/7/1989 1320 46 V
244 28SEAS244 3 12/14/1989 1420 140 V
244 28SEAS244 3 12/18/1989 1119 13 V



244 28SEAS244 3 2/27/1990 1334 8 V
244 28SEAS244 3 4/26/1990 1226 23 V
244 28SEAS244 3 8/20/1990 1402 70 V
244 28SEAS244 3 8/31/1990 1130 23 V
244 28SEAS244 3 1/31/1991 1220 240 V
244 28SEAS244 3 2/25/1992 1003 17 V
244 28SEAS244 3 4/9/1992 1342 2 V
244 28SEAS244 3 8/20/1992 1644 22 V
244 28SEAS244 3 9/24/1992 1322 49 V
244 28SEAS244 3 10/28/1992 1600 79 V
244 28SEAS244 3 12/28/1992 1535 14 V
244 28SEAS244 3 2/25/1993 1455 8 V
244 28SEAS244 3 3/25/1993 1635 49 V
244 28SEAS244 3 5/18/1993 1440 17 V
244 28SEAS244 3 2/22/1994 1210 23 V
244 28SEAS244 3 3/15/1994 1430 13 V
244 28SEAS244 3 5/24/1994 910 33 V
244 28SEAS244 3 8/29/1994 1155 8 V
244 28SEAS244 3 9/29/1994 1305 22 V
244 28SEAS244 3 11/30/1994 1440 220 V
244 28SEAS244 3 12/15/1994 1250 5 V
244 28SEAS244 3 2/23/1995 1405 33 V
244 28SEAS244 3 3/16/1995 1410 79 V
244 28SEAS244 3 4/4/1995 1435 33 V
244 28SEAS244 3 8/30/1995 1255 13 V
244 28SEAS244 3 11/15/1995 1330 17 V
244 28SEAS244 3 2/14/1996 1055 13 V
244 28SEAS244 3 2/21/1996 1230 130 V
244 28SEAS244 3 3/7/1996 1000 170 V
244 28SEAS244 3 4/11/1996 1143 8 V
244 28SEAS244 3 4/17/1996 1210 33 V
244 28SEAS244 3 4/18/1996 1526 17 V
244 28SEAS244 3 4/23/1996 1455 2 V
244 28SEAS244 3 5/7/1996 1354 33 V
244 28SEAS244 3 5/16/1996 1356 49 V
244 28SEAS244 3 5/21/1996 1205 23 V
244 28SEAS244 3 5/28/1996 1230 70 V
244 28SEAS244 3 6/11/1996 1355 23 V
244 28SEAS244 3 6/26/1996 1300 23 V
244 28SEAS244 3 7/18/1996 1335 14 V
244 28SEAS244 3 7/29/1996 1215 23 V
244 28SEAS244 3 8/8/1996 1450 79 V
244 28SEAS244 3 8/13/1996 1400 49 V
244 28SEAS244 3 8/22/1996 755 23 V
244 28SEAS244 3 8/28/1996 1445 79 V
244 28SEAS244 3 9/5/1996 1520 70 V
244 28SEAS244 3 9/12/1996 1000 79 V
244 28SEAS244 3 9/17/1996 1310 79 V
244 28SEAS244 3 9/25/1996 1544 49 V
244 28SEAS244 3 10/2/1996 1404 130 V
244 28SEAS244 3 11/6/1996 1420 49 V
244 28SEAS244 3 11/7/1996 1315 170 V
244 28SEAS244 3 11/12/1996 1500 33 V
244 28SEAS244 3 11/18/1996 1420 540 V
244 28SEAS244 3 11/25/1996 1350 130 V



244 28SEAS244 3 12/2/1996 1210 540 V
244 28SEAS244 3 12/9/1996 940 140 V
244 28SEAS244 3 12/16/1996 1415 17 V
244 28SEAS244 3 12/30/1996 1325 33 V
244 28SEAS244 3 1/8/1997 1411 33 V
244 28SEAS244 3 1/22/1997 1456 49 V
244 28SEAS244 3 2/6/1997 1459 110 V
244 28SEAS244 3 2/13/1997 1318 13 V
244 28SEAS244 3 2/17/1997 1355 22 V
244 28SEAS244 3 2/27/1997 1454 23 V
244 28SEAS244 3 3/6/1997 1407 130 V
244 28SEAS244 3 3/12/1997 1425 23 V
244 28SEAS244 3 3/27/1997 1433 17 V
244 28SEAS244 3 4/9/1997 1420 5 V
244 28SEAS244 3 4/16/1997 1415 4 V
244 28SEAS244 3 4/21/1997 1410 22 V
244 28SEAS244 3 5/22/1997 1432 33 V
244 28SEAS244 3 6/4/1997 1330 49 V
244 28SEAS244 3 6/12/1997 1153 23 V
244 28SEAS244 3 6/23/1997 1350 23 V
244 28SEAS244 3 6/26/1997 1427 33 V
244 28SEAS244 3 7/1/1997 1335 49 V
244 28SEAS244 3 7/10/1997 1210 49 V
244 28SEAS244 3 7/17/1997 1426 79 V
244 28SEAS244 3 7/24/1997 1410 49 V
244 28SEAS244 3 7/31/1997 1100 130 V
244 28SEAS244 3 8/14/1997 1345 X V
244 28SEAS244 3 8/27/1997 1250 23 V
244 28SEAS244 3 9/4/1997 1417 170 V
244 28SEAS244 3 9/10/1997 1330 130 V
244 28SEAS244 3 9/18/1997 1418 63 V
244 28SEAS244 3 10/1/1997 1325 33 V
244 28SEAS244 3 10/16/1997 1420 130 V
244 28SEAS244 3 10/23/1997 1415 33 V
244 28SEAS244 3 11/24/1997 1335 22 V
244 28SEAS244 3 12/1/1997 1525 49 V
244 28SEAS244 3 4/2/1998 1440 8 V
244 28SEAS244 3 5/14/1998 1240 13 V
244 28SEAS244 3 6/1/1998 1300 13 V
244 28SEAS244 3 6/8/1998 1314 33 V
244 28SEAS244 3 7/14/1998 1300 33 V
244 28SEAS244 3 8/25/1998 1510 31 V
244 28SEAS244 3 10/27/1998 915 31 V
244 28SEAS244 3 12/8/1998 1100 130 V
244 28SEAS244 3 2/4/1999 1335 79 V
244 28SEAS244 3 3/11/1999 1320 70 V
244 28SEAS244 3 4/1/1999 1150 70 V
244 28SEAS244 3 5/4/1999 1235 26 V
244 28SEAS244 3 7/8/1999 1240 2 V
244 28SEAS244 3 8/23/1999 1350 33 V
244 28SEAS244 3 10/11/1999 1407 33 V
244 28SEAS244 3 12/6/1999 905 79 V
244 28SEAS244 3 1/5/2000 1320 49 V
244 28SEAS244 3 4/11/2000 1300 1 V
244 28SEAS244 3 5/2/2000 1330 79 V



244 28SEAS244 3 6/28/2000 1300 23 V
244 28SEAS244 3 7/19/2000 1255 2 V
244 28SEAS244 3 8/23/2000 1025 13 V
244 28SEAS244 3 9/27/2000 1410 17 V
244 28SEAS244 3 11/20/2000 1325 13 V
244 28SEAS244 3 12/5/2000 1300 8 V
244 28SEAS244 3 1/17/2001 1042 23 V
244 28SEAS244 3 2/20/2001 1322 130 V
244 28SEAS244 3 4/17/2001 1320 7 V
244 28SEAS244 3 5/14/2001 1140 23 V
244 28SEAS244 3 6/20/2001 1211 12 V
244 28SEAS244 3 7/12/2001 1306 14 V
244 28SEAS244 3 8/28/2001 1251 14 V
244 28SEAS244 3 10/25/2001 1151 33 V
244 28SEAS244 3 11/7/2001 1307 350 V
244 28SEAS244 3 12/17/2001 1307 79 V
244 28SEAS244 3 1/14/2002 1452 79 V
244 28SEAS244 3 4/11/2002 1019 130 V
244 28SEAS244 3 5/6/2002 945 8 V
244 28SEAS244 3 6/10/2002 1000 13 V
244 28SEAS244 3 7/1/2002 1031 33 V
244 28SEAS244 3 8/28/2002 952 70 V
244 28SEAS244 3 12/4/2002 1402 23 V
244 28SEAS244 3 1/28/2003 1534 23 V
244 28SEAS244 3 4/16/2003 1347 13 V
244 28SEAS244 3 5/5/2003 1454 8 V
244 28SEAS244 3 7/22/2003 1052 17 V
244 28SEAS244 3 8/26/2003 940 33 V
244 28SEAS244 3 10/8/2003 1330 170 V
244 28SEAS244 3 12/18/2003 1040 23 V
244 28SEAS244 3 3/15/2004 1337 5 V
244 28SEAS244 3 5/10/2004 927 540 V
244 28SEAS244 3 7/7/2004 1442 11 V
244 28SEAS244 3 8/26/2004 821 49 V
244 28SEAS244 3 10/26/2004 1213 13 V
244 28SEAS244 3 11/17/2004 1043 33 V
244 28SEAS244 3 12/8/2004 1114 110 V
244 28SEAS244 3 1/10/2005 1406 79 V
244 28SEAS244 3 2/8/2005 1337 130 V
244 28SEAS244 3 3/22/2005 1147 1 V
244 28SEAS244 3 6/13/2005 1430 23 V
244 28SEAS244 3 8/15/2005 1259 13 V
244 28SEAS244 3 10/3/2005 1035 23 V
244 28SEAS244 3 1/24/2006 1010 22 V
244 28SEAS244 3 3/1/2006 1354 79 V
244 28SEAS244 3 7/17/2006 938 2 V
244 28SEAS244 3 8/8/2006 1229 23 V
244 28SEAS244 3 11/20/2006 1107 13 V
244 28SEAS244 3 12/7/2006 1311 540 V
244 28SEAS244 3 2/26/2007 1333 920 V
244 28SEAS244 3 3/6/2007 1211 7 V
244 28SEAS244 3 4/2/2007 1351 540 V
244 28SEAS244 3 5/2/2007 1042 49 V
244 28SEAS244 3 7/17/2007 913 17 V
244 28SEAS244 3 8/27/2007 1324 79 V



244 28SEAS244 3 11/8/2007 1304 70 V
244 28SEAS244 3 12/11/2007 1347 49 V
244 28SEAS244 3 4/2/2008 1320 170 V
244 28SEAS244 3 5/12/2008 1309 49 V
244 28SEAS244 3 6/17/2008 950 110 V
244 28SEAS244 3 7/14/2008 1247 23 V
244 28SEAS244 3 9/8/2008 1010 23 V
244 28SEAS244 3 10/1/2008 1325 130 V
244 28SEAS244 3 11/12/2008 1136 170 V
244 28SEAS244 3 3/16/2009 1054 130 V
244 28SEAS244 3 4/29/2009 1326 17 V

246 28SEAS246 3 9/28/1983 X 79 V
246 28SEAS246 3 9/29/1983 900 49 V
246 28SEAS246 3 10/12/1983 958 130 V
246 28SEAS246 3 2/23/1984 1521 17 V
246 28SEAS246 3 5/9/1984 1456 9 V
246 28SEAS246 3 8/14/1984 1411 13 V
246 28SEAS246 3 11/27/1984 1153 920 V
246 28SEAS246 3 11/28/1984 1238 920 V
246 28SEAS246 3 11/29/1984 1035 130 V
246 28SEAS246 3 12/17/1984 1449 79 V
246 28SEAS246 3 12/18/1984 1458 79 V
246 28SEAS246 3 12/19/1984 1234 43 V
246 28SEAS246 3 2/4/1985 1543 33 V
246 28SEAS246 3 2/5/1985 1238 2 V
246 28SEAS246 3 2/6/1985 1327 130 V
246 28SEAS246 3 2/7/1985 1407 79 V
246 28SEAS246 3 2/8/1985 1344 13 V
246 28SEAS246 3 3/27/1985 1536 13 V
246 28SEAS246 3 3/28/1985 1247 8 V
246 28SEAS246 3 4/23/1985 1528 49 V
246 28SEAS246 3 4/24/1985 1335 49 V
246 28SEAS246 3 4/25/1985 1214 17 V
246 28SEAS246 3 6/13/1985 1435 17 V
246 28SEAS246 3 6/14/1985 1229 130 V
246 28SEAS246 3 7/24/1985 1150 79 V
246 28SEAS246 3 7/25/1985 1258 110 V
246 28SEAS246 3 12/3/1985 1444 33 V
246 28SEAS246 3 12/4/1985 1325 17 V
246 28SEAS246 3 12/5/1985 1204 17 V
246 28SEAS246 3 3/17/1986 1506 33 V
246 28SEAS246 3 5/5/1986 1422 5 V
246 28SEAS246 3 7/15/1986 1621 170 V
246 28SEAS246 3 7/17/1986 1121 33 V
246 28SEAS246 3 7/29/1986 X 31 V
246 28SEAS246 3 7/30/1986 X 79 V
246 28SEAS246 3 8/12/1986 1424 79 V
246 28SEAS246 3 8/13/1986 1028 240 V
246 28SEAS246 3 8/14/1986 953 130 V
246 28SEAS246 3 8/26/1987 1053 46 V
246 28SEAS246 3 9/8/1987 1430 130 V
246 28SEAS246 3 9/21/1987 1549 350 V
246 28SEAS246 3 11/23/1987 1001 49 V
246 28SEAS246 3 11/30/1987 1657 23 V



246 28SEAS246 3 2/25/1988 1352 23 V
246 28SEAS246 3 3/10/1988 1426 33 V
246 28SEAS246 3 3/15/1988 1417 17 V
246 28SEAS246 3 5/12/1988 1339 34 V
246 28SEAS246 3 7/29/1988 1500 49 V
246 28SEAS246 3 9/15/1988 1035 920 V
246 28SEAS246 3 9/20/1988 1355 110 V
246 28SEAS246 3 9/23/1988 1257 49 V
246 28SEAS246 3 10/5/1988 1344 23 V
246 28SEAS246 3 11/30/1988 1426 23 V
246 28SEAS246 3 12/21/1988 1400 70 V
246 28SEAS246 3 3/27/1989 1345 49 V
246 28SEAS246 3 8/24/1989 1339 170 V
246 28SEAS246 3 8/29/1989 1311 31 V
246 28SEAS246 3 9/7/1989 1419 46 V
246 28SEAS246 3 9/28/1989 1329 79 V
246 28SEAS246 3 10/17/1989 1309 110 V
246 28SEAS246 3 11/7/1989 1322 130 V
246 28SEAS246 3 12/14/1989 1424 130 V
246 28SEAS246 3 12/18/1989 1123 11 V
246 28SEAS246 3 2/27/1990 1340 13 V
246 28SEAS246 3 4/26/1990 1235 31 V
246 28SEAS246 3 8/20/1990 1406 23 V
246 28SEAS246 3 8/31/1990 1134 540 V
246 28SEAS246 3 9/4/1990 1240 79 V
246 28SEAS246 3 1/17/1991 1406 33 V
246 28SEAS246 3 1/22/1991 1530 79 V
246 28SEAS246 3 1/31/1991 1223 170 V
246 28SEAS246 3 2/5/1991 1405 23 V
246 28SEAS246 3 2/25/1992 959 33 V
246 28SEAS246 3 4/9/1992 1346 17 V
246 28SEAS246 3 8/20/1992 1649 33 V
246 28SEAS246 3 9/24/1992 1317 33 V
246 28SEAS246 3 10/28/1992 1558 79 V
246 28SEAS246 3 12/28/1992 1529 13 V
246 28SEAS246 3 2/25/1993 1500 8 V
246 28SEAS246 3 3/25/1993 1640 79 V
246 28SEAS246 3 5/18/1993 1445 49 V
246 28SEAS246 3 2/22/1994 1420 49 V
246 28SEAS246 3 3/15/1994 1435 17 V
246 28SEAS246 3 5/24/1994 900 79 V
246 28SEAS246 3 8/29/1994 1355 110 V
246 28SEAS246 3 9/29/1994 1310 17 V
246 28SEAS246 3 11/30/1994 1435 220 V
246 28SEAS246 3 12/15/1994 1255 14 V
246 28SEAS246 3 2/23/1995 1415 23 V
246 28SEAS246 3 3/16/1995 1415 33 V
246 28SEAS246 3 4/4/1995 1445 13 V
246 28SEAS246 3 8/30/1995 1300 33 V
246 28SEAS246 3 11/15/1995 1340 70 V
246 28SEAS246 3 2/14/1996 1100 22 V
246 28SEAS246 3 2/21/1996 1235 33 V
246 28SEAS246 3 3/7/1996 1030 920 V
246 28SEAS246 3 4/4/1996 1345 33 V
246 28SEAS246 3 4/11/1996 1156 2 V



246 28SEAS246 3 4/17/1996 1200 23 V
246 28SEAS246 3 4/18/1996 1530 13 V
246 28SEAS246 3 4/23/1996 1500 13 V
246 28SEAS246 3 5/7/1996 1357 49 V
246 28SEAS246 3 5/16/1996 1400 49 V
246 28SEAS246 3 5/21/1996 1210 13 V
246 28SEAS246 3 5/28/1996 1235 49 V
246 28SEAS246 3 6/5/1996 1115 79 V
246 28SEAS246 3 6/11/1996 1400 23 V
246 28SEAS246 3 6/26/1996 1305 23 V
246 28SEAS246 3 7/18/1996 1342 21 V
246 28SEAS246 3 7/29/1996 1225 23 V
246 28SEAS246 3 8/8/1996 1454 350 V
246 28SEAS246 3 8/13/1996 1405 31 V
246 28SEAS246 3 8/22/1996 750 8 V
246 28SEAS246 3 8/28/1996 1505 350 V
246 28SEAS246 3 9/5/1996 1526 540 V
246 28SEAS246 3 9/12/1996 940 79 V
246 28SEAS246 3 9/17/1996 1320 240 V
246 28SEAS246 3 9/25/1996 1549 23 V
246 28SEAS246 3 10/2/1996 1407 33 V
246 28SEAS246 3 11/6/1996 1425 170 V
246 28SEAS246 3 11/7/1996 1320 540 V
246 28SEAS246 3 11/12/1996 1120 130 V
246 28SEAS246 3 11/18/1996 1425 540 V
246 28SEAS246 3 11/25/1996 915 220 V
246 28SEAS246 3 12/2/1996 1215 350 V
246 28SEAS246 3 12/9/1996 950 540 V
246 28SEAS246 3 12/16/1996 950 110 V
246 28SEAS246 3 12/30/1996 1330 94 V
246 28SEAS246 3 1/8/1997 1415 49 V
246 28SEAS246 3 1/22/1997 1057 33 V
246 28SEAS246 3 2/6/1997 1504 170 V
246 28SEAS246 3 2/13/1997 1324 33 V
246 28SEAS246 3 2/17/1997 1400 8 V
246 28SEAS246 3 2/27/1997 1500 33 V
246 28SEAS246 3 3/6/1997 1417 110 V
246 28SEAS246 3 3/12/1997 1433 23 V
246 28SEAS246 3 3/27/1997 1438 17 V
246 28SEAS246 3 4/9/1997 1427 23 V
246 28SEAS246 3 4/16/1997 1422 13 V
246 28SEAS246 3 4/21/1997 1415 2 V
246 28SEAS246 3 5/22/1997 1438 23 V
246 28SEAS246 3 6/4/1997 1335 70 V
246 28SEAS246 3 6/12/1997 1148 33 V
246 28SEAS246 3 6/23/1997 1356 79 V
246 28SEAS246 3 6/26/1997 1436 46 V
246 28SEAS246 3 7/1/1997 1341 23 V
246 28SEAS246 3 7/10/1997 1215 49 V
246 28SEAS246 3 7/17/1997 1430 49 V
246 28SEAS246 3 7/24/1997 1417 94 V
246 28SEAS246 3 7/31/1997 1106 70 V
246 28SEAS246 3 8/14/1997 1355 X V
246 28SEAS246 3 8/27/1997 1250 170 V
246 28SEAS246 3 9/4/1997 1422 49 V



246 28SEAS246 3 9/10/1997 1335 350 V
246 28SEAS246 3 9/18/1997 1425 350 V
246 28SEAS246 3 9/23/1997 1450 170 V
246 28SEAS246 3 10/1/1997 1330 130 V
246 28SEAS246 3 10/9/1997 1412 240 V
246 28SEAS246 3 10/16/1997 1426 350 V
246 28SEAS246 3 10/23/1997 1420 240 V
246 28SEAS246 3 11/24/1997 1405 33 V
246 28SEAS246 3 12/1/1997 1130 79 V
246 28SEAS246 3 4/2/1998 1445 33 V
246 28SEAS246 3 5/14/1998 1245 13 V
246 28SEAS246 3 6/8/1998 1307 23 V
246 28SEAS246 3 7/14/1998 1305 49 V
246 28SEAS246 3 8/25/1998 1515 33 V
246 28SEAS246 3 10/27/1998 920 240 V
246 28SEAS246 3 12/8/1998 1110 1600 V
246 28SEAS246 3 2/4/1999 1340 49 V
246 28SEAS246 3 3/11/1999 1325 23 V
246 28SEAS246 3 4/1/1999 1145 140 V
246 28SEAS246 3 5/4/1999 1240 49 V
246 28SEAS246 3 7/8/1999 1245 79 V
246 28SEAS246 3 8/23/1999 1355 23 V
246 28SEAS246 3 9/9/1999 1230 110 V
246 28SEAS246 3 10/11/1999 1410 130 V
246 28SEAS246 3 12/6/1999 900 350 V
246 28SEAS246 3 1/5/2000 939 33 V
246 28SEAS246 3 4/11/2000 1305 23 V
246 28SEAS246 3 5/2/2000 1335 23 V
246 28SEAS246 3 6/28/2000 1305 7 V
246 28SEAS246 3 7/19/2000 1300 11 V
246 28SEAS246 3 8/23/2000 1030 79 V
246 28SEAS246 3 9/27/2000 1415 170 V
246 28SEAS246 3 11/20/2000 1330 79 V
246 28SEAS246 3 12/5/2000 1305 130 V
246 28SEAS246 3 1/17/2001 1047 79 V
246 28SEAS246 3 2/20/2001 940 220 V
246 28SEAS246 3 4/17/2001 1323 17 V
246 28SEAS246 3 5/14/2001 1145 14 V
246 28SEAS246 3 6/20/2001 1217 33 V
246 28SEAS246 3 7/12/2001 1313 350 V
246 28SEAS246 3 8/28/2001 1253 70 V
246 28SEAS246 3 10/25/2001 1158 240 V
246 28SEAS246 3 11/7/2001 1311 130 V
246 28SEAS246 3 12/17/2001 1310 79 V
246 28SEAS246 3 1/14/2002 1457 130 V
246 28SEAS246 3 4/11/2002 1023 33 V
246 28SEAS246 3 5/6/2002 952 2 V
246 28SEAS246 3 6/10/2002 1008 8 V
246 28SEAS246 3 7/1/2002 1034 49 V
246 28SEAS246 3 8/28/2002 956 79 V
246 28SEAS246 3 12/4/2002 1357 110 V
246 28SEAS246 3 1/28/2003 1210 17 V
246 28SEAS246 3 4/16/2003 1343 33 V
246 28SEAS246 3 5/5/2003 1447 22 V
246 28SEAS246 3 7/22/2003 1046 23 V



246 28SEAS246 3 8/26/2003 936 79 V
246 28SEAS246 3 10/8/2003 1324 220 V
246 28SEAS246 3 12/18/2003 1034 70 V
246 28SEAS246 3 3/15/2004 1332 17 V
246 28SEAS246 3 5/10/2004 931 64 V
246 28SEAS246 3 7/7/2004 1437 49 V
246 28SEAS246 3 8/26/2004 825 70 V
246 28SEAS246 3 10/26/2004 1209 49 V
246 28SEAS246 3 11/17/2004 1037 240 V
246 28SEAS246 3 12/8/2004 1119 240 V
246 28SEAS246 3 1/10/2005 1400 79 V
246 28SEAS246 3 2/8/2005 1331 110 V
246 28SEAS246 3 3/22/2005 1141 1 V
246 28SEAS246 3 6/13/2005 1425 49 V
246 28SEAS246 3 8/15/2005 1253 33 V
246 28SEAS246 3 10/3/2005 1039 23 V
246 28SEAS246 3 1/24/2006 1014 79 V
246 28SEAS246 3 3/1/2006 1348 240 V
246 28SEAS246 3 7/17/2006 942 13 V
246 28SEAS246 3 8/8/2006 1224 23 V
246 28SEAS246 3 11/20/2006 1112 17 V
246 28SEAS246 3 12/7/2006 1307 350 V
246 28SEAS246 3 2/26/2007 1328 280 V
246 28SEAS246 3 3/6/2007 1216 23 V
246 28SEAS246 3 4/2/2007 1346 240 V
246 28SEAS246 3 5/2/2007 1037 79 V
246 28SEAS246 3 7/17/2007 917 11 V
246 28SEAS246 3 8/27/2007 1319 33 V
246 28SEAS246 3 11/8/2007 1259 49 V
246 28SEAS246 3 4/2/2008 1314 240 V
246 28SEAS246 3 5/12/2008 1303 27 V
246 28SEAS246 3 6/17/2008 954 70 V
246 28SEAS246 3 7/14/2008 1242 33 V
246 28SEAS246 3 9/8/2008 1014 33 V
246 28SEAS246 3 10/1/2008 1320 49 V
246 28SEAS246 3 11/12/2008 1139 350 V
246 28SEAS246 3 3/16/2009 1058 220 V
246 28SEAS246 3 4/29/2009 1320 8 V

428 28SEAS428 3 3/7/1996 935 540 V
428 28SEAS428 3 4/11/1996 1116 27 V
428 28SEAS428 3 4/17/1996 1438 11 V
428 28SEAS428 3 4/18/1996 1258 23 V
428 28SEAS428 3 4/23/1996 1228 8 V
428 28SEAS428 3 5/7/1996 1132 240 V
428 28SEAS428 3 5/16/1996 1058 110 V
428 28SEAS428 3 5/21/1996 1025 49 V
428 28SEAS428 3 5/28/1996 1010 49 V
428 28SEAS428 3 6/5/1996 1350 49 V
428 28SEAS428 3 6/11/1996 1105 22 V
428 28SEAS428 3 6/20/1996 1150 13 V
428 28SEAS428 3 6/26/1996 1050 23 V
428 28SEAS428 3 7/18/1996 1008 13 V
428 28SEAS428 3 7/29/1996 950 23 V
428 28SEAS428 3 8/8/1996 1305 33 V



428 28SEAS428 3 8/13/1996 1125 31 V
428 28SEAS428 3 8/22/1996 1015 23 V
428 28SEAS428 3 8/28/1996 1154 46 V
428 28SEAS428 3 9/5/1996 1134 79 V
428 28SEAS428 3 9/12/1996 1245 49 V
428 28SEAS428 3 9/17/1996 955 110 V
428 28SEAS428 3 9/25/1996 1127 33 V
428 28SEAS428 3 10/2/1996 1054 49 V
428 28SEAS428 3 10/17/1996 1243 49 V
428 28SEAS428 3 11/6/1996 1320 240 V
428 28SEAS428 3 11/7/1996 1230 350 V
428 28SEAS428 3 11/12/1996 1145 23 V
428 28SEAS428 3 11/18/1996 1330 350 V
428 28SEAS428 3 11/25/1996 940 240 V
428 28SEAS428 3 12/2/1996 1415 540 V
428 28SEAS428 3 12/9/1996 1235 240 V
428 28SEAS428 3 12/16/1996 1155 49 V
428 28SEAS428 3 12/30/1996 1030 33 V
428 28SEAS428 3 1/8/1997 1105 79 V
428 28SEAS428 3 1/22/1997 1147 11 V
428 28SEAS428 3 2/6/1997 1108 46 V
428 28SEAS428 3 2/13/1997 1105 33 V
428 28SEAS428 3 2/17/1997 1138 8 V
428 28SEAS428 3 2/27/1997 1321 79 V
428 28SEAS428 3 3/6/1997 1111 79 V
428 28SEAS428 3 3/12/1997 1238 23 V
428 28SEAS428 3 3/27/1997 1143 130 V
428 28SEAS428 3 4/3/1997 1135 27 V
428 28SEAS428 3 4/9/1997 1103 23 V
428 28SEAS428 3 4/16/1997 1126 5 V
428 28SEAS428 3 4/21/1997 1200 33 V
428 28SEAS428 3 5/22/1997 1150 23 V
428 28SEAS428 3 6/4/1997 1119 49 V
428 28SEAS428 3 6/12/1997 939 49 V
428 28SEAS428 3 6/23/1997 1151 22 V
428 28SEAS428 3 6/26/1997 1118 33 V
428 28SEAS428 3 7/1/1997 1054 23 V
428 28SEAS428 3 7/10/1997 1104 22 V
428 28SEAS428 3 7/17/1997 1137 23 V
428 28SEAS428 3 7/24/1997 1108 49 V
428 28SEAS428 3 7/31/1997 1050 33 V
428 28SEAS428 3 8/27/1997 1040 33 V
428 28SEAS428 3 9/4/1997 1119 79 V
428 28SEAS428 3 9/10/1997 1134 110 V
428 28SEAS428 3 9/18/1997 1116 70 V
428 28SEAS428 3 9/23/1997 1250 110 V
428 28SEAS428 3 10/1/1997 1125 46 V
428 28SEAS428 3 10/9/1997 810 33 V
428 28SEAS428 3 10/16/1997 1133 350 V
428 28SEAS428 3 10/23/1997 1206 46 V
428 28SEAS428 3 11/24/1997 1140 13 V
428 28SEAS428 3 12/1/1997 1325 49 V
428 28SEAS428 3 1/8/1998 1050 79 V
428 28SEAS428 3 4/2/1998 1220 33 V
428 28SEAS428 3 5/14/1998 1055 2 V



428 28SEAS428 3 6/1/1998 1220 22 V
428 28SEAS428 3 6/8/1998 1450 23 V
428 28SEAS428 3 7/14/1998 1110 79 V
428 28SEAS428 3 8/25/1998 1100 79 V
428 28SEAS428 3 10/27/1998 1120 79 V
428 28SEAS428 3 12/8/1998 915 110 V
428 28SEAS428 3 2/4/1999 1040 33 V
428 28SEAS428 3 3/11/1999 1055 110 V
428 28SEAS428 3 4/14/1999 1245 33 V
428 28SEAS428 3 5/4/1999 1005 49 V
428 28SEAS428 3 6/10/1999 1005 2 V
428 28SEAS428 3 7/8/1999 1035 2 V
428 28SEAS428 3 8/23/1999 1140 13 V
428 28SEAS428 3 10/11/1999 1140 94 V
428 28SEAS428 3 12/6/1999 1135 70 V
428 28SEAS428 3 1/5/2000 1005 130 V
428 28SEAS428 3 5/2/2000 1125 33 V
428 28SEAS428 3 6/28/2000 1055 49 V
428 28SEAS428 3 7/19/2000 1050 8 V
428 28SEAS428 3 8/23/2000 815 13 V
428 28SEAS428 3 9/27/2000 1205 70 V
428 28SEAS428 3 11/20/2000 1135 23 V
428 28SEAS428 3 12/5/2000 1055 17 V
428 28SEAS428 3 1/17/2001 859 70 V
428 28SEAS428 3 2/20/2001 1130 79 V
428 28SEAS428 3 4/17/2001 1135 8 V
428 28SEAS428 3 5/14/2001 954 33 V
428 28SEAS428 3 6/20/2001 1042 46 V
428 28SEAS428 3 7/12/2001 1126 49 V
428 28SEAS428 3 8/28/2001 1024 130 V
428 28SEAS428 3 10/25/2001 1015 23 V
428 28SEAS428 3 11/7/2001 1121 240 V
428 28SEAS428 3 12/17/2001 1113 79 V
428 28SEAS428 3 1/14/2002 1303 280 V
428 28SEAS428 3 4/11/2002 1144 130 V
428 28SEAS428 3 5/6/2002 1229 11 V
428 28SEAS428 3 6/10/2002 1156 17 V
428 28SEAS428 3 7/1/2002 1226 13 V
428 28SEAS428 3 8/28/2002 1130 33 V
428 28SEAS428 3 12/4/2002 1235 49 V
428 28SEAS428 3 1/28/2003 1356 13 V
428 28SEAS428 3 4/16/2003 1219 33 V
428 28SEAS428 3 5/5/2003 1212 33 V
428 28SEAS428 3 7/22/2003 1321 240 V
428 28SEAS428 3 8/26/2003 816 130 V
428 28SEAS428 3 10/8/2003 1118 110 V
428 28SEAS428 3 12/18/2003 1258 79 V
428 28SEAS428 3 3/15/2004 1143 33 V
428 28SEAS428 3 5/10/2004 1058 79 V
428 28SEAS428 3 7/7/2004 1152 33 V
428 28SEAS428 3 8/26/2004 953 33 V
428 28SEAS428 3 10/26/2004 1036 8 V
428 28SEAS428 3 11/17/2004 1054 33 V
428 28SEAS428 3 12/8/2004 1252 240 V
428 28SEAS428 3 1/10/2005 1206 33 V



428 28SEAS428 3 2/8/2005 1138 79 V
428 28SEAS428 3 3/22/2005 1012 170 V
428 28SEAS428 3 5/9/2005 1032 17 V
428 28SEAS428 3 6/13/2005 1140 130 V
428 28SEAS428 3 8/15/2005 1053 8 V
428 28SEAS428 3 10/3/2005 1217 23 V
428 28SEAS428 3 1/24/2006 1209 46 V
428 28SEAS428 3 3/1/2006 1152 170 V
428 28SEAS428 3 7/17/2006 1104 1 V
428 28SEAS428 3 8/8/2006 1031 23 V
428 28SEAS428 3 11/20/2006 1250 5 V
428 28SEAS428 3 12/7/2006 1139 130 V
428 28SEAS428 3 2/26/2007 1123 350 V
428 28SEAS428 3 3/6/2007 1202 33 V
428 28SEAS428 3 4/2/2007 1340 70 V
428 28SEAS428 3 5/2/2007 900 49 V
428 28SEAS428 3 7/17/2007 1026 13 V
428 28SEAS428 3 8/27/2007 1048 49 V
428 28SEAS428 3 11/8/2007 1102 170 V
428 28SEAS428 3 11/13/2007 1208 240 V
428 28SEAS428 3 12/11/2007 1218 79 V
428 28SEAS428 3 4/2/2008 1121 79 V
428 28SEAS428 3 5/12/2008 1342 79 V
428 28SEAS428 3 6/17/2008 1114 79 V
428 28SEAS428 3 7/14/2008 1058 22 V
428 28SEAS428 3 9/8/2008 1141 49 V
428 28SEAS428 3 10/1/2008 1120 240 V
428 28SEAS428 3 11/12/2008 1237 170 V
428 28SEAS428 3 12/8/2008 1150 33 V
428 28SEAS428 3 3/16/2009 1227 170 V
428 28SEAS428 3 4/29/2009 1056 8 V

*Shellfish Environmental Assessment Sections (SEAS) Metadata specifies
"V" for Verified (data has been proofed and corrected)



Fecal Coliform
Source: Florida Department of Environmental Protection, 2009

Org ID Station ID Date Time Value Units Analytical MDL MDL Units PQL VQ
Procedure

21FLSUW SRE060C1 10/3/1995 14:26:00 *Non-detect 9222-D         100 #/100ml   
21FLSUW SRE060C1 11/16/1995 15:55:00 33 #/100ml   9222-D         
21FLSUW SRE060C1 11/16/1995 15:53:00 40 #/100ml   9222-D         
21FLSUW SRE060C1 12/6/1995 12:15:00 189 #/100ml   9222-D         
21FLSUW SRE060C1 1/10/1996 12:20:00 *Non-detect 9222-D         10 #/100ml   
21FLSUW SRE060C1 1/10/1996 12:18:00 36 #/100ml   9222-D         
21FLSUW SRE060C1 2/7/1996 11:48:00 *Non-detect 9222-D         10 #/100ml   
21FLSUW SRE060C1 2/7/1996 11:46:00 14 #/100ml   9222-D         
21FLSUW SRE060C1 3/6/1996 11:23:00 340 #/100ml   9222-D         
21FLSUW SRE060C1 4/3/1996 11:35:00 30 #/100ml   9222-D         
21FLSUW SRE060C1 5/16/1996 12:16:00 *Non-detect 9222-D         10 #/100ml   
21FLSUW SRE060C1 5/16/1996 12:13:00 40 #/100ml   9222-D         
21FLSUW SRE060C1 6/13/1996 12:15:00 *Non-detect 9222-D         10 #/100ml   
21FLSUW SRE060C1 6/13/1996 12:20:00 40 #/100ml   9222-D         
21FLSUW SRE060C1 7/18/1996 10:31:00 200 #/100ml   9222-D         
21FLSUW SRE060C1 8/22/1996 11:06:00 *Non-detect 9222-D         100 #/100ml   
21FLSUW SRE060C1 8/22/1996 11:11:00 100 #/100ml   9222-D         
21FLSUW SRE060C1 9/19/1996 11:08:00 *Non-detect 9222-D         100 #/100ml   
21FLSUW SRE060C1 10/11/1996 11:14:00 88 #/100ml   9222-D         
21FLSUW SRE060C1 11/6/1996 11:50:00 80 #/100ml   9222-D         
21FLSUW SRE060C1 11/6/1996 11:52:00 180 #/100ml   9222-D         
21FLSUW SRE060C1 12/4/1996 11:34:00 12 #/100ml   9222-D         
21FLSUW SRE060C1 1/23/1997 11:00:00 51 #/100ml   9222-D         
21FLSUW SRE060C1 3/12/1997 11:03:00 22 #/100ml   9222-D         
21FLSUW SRE060C1 4/3/1997 12:36:00 5 #/100ml   9222-D         
21FLSUW SRE060C1 5/7/1997 11:38:00 55 #/100ml   9222-D         
21FLSUW SRE060C1 6/4/1997 11:26:00 34 #/100ml   9222-D         
21FLSUW SRE060C1 7/14/1997 12:11:00 16 #/100ml   9222-D         
21FLSUW SRE060C1 8/7/1997 10:43:00 22 #/100ml   9222-D         
21FLSUW SRE060C1 9/9/1997 11:49:00 68 #/100ml   9222-D         
21FLSUW SRE060C1 10/2/1997 11:56:00 70 #/100ml   9222-D         
21FLSUW SRE060C1 11/11/1997 13:22:00 65 #/100ml   9222-D         
21FLSUW SRE060C1 11/11/1997 13:20:00 71 #/100ml   9222-D         
21FLSUW SRE060C1 12/9/1997 12:06:00 12 #/100ml   9222-D         
21FLSUW SRE060C1 1/13/1998 14:14:00 95 #/100ml   9222-D         
21FLSUW SRE060C1 2/10/1998 14:06:00 52 #/100ml   9222-D         
21FLSUW SRE060C1 3/17/1998 14:39:00 38 #/100ml   9222-D         
21FLSUW SRE060C1 3/17/1998 14:37:00 35 #/100ml   9222-D         
21FLSUW SRE060C1 4/13/1998 14:58:00 19 #/100ml   9222-D         
21FLSUW SRE060C1 5/6/1998 13:52:00 3 #/100ml   9222-D         
21FLSUW SRE060C1 6/3/1998 14:06:00 8 #/100ml   9222-D         
21FLSUW SRE060C1 7/7/1998 14:03:00 69 #/100ml   9222-D         
21FLSUW SRE060C1 7/7/1998 14:00:00 37 #/100ml   9222-D         
21FLSUW SRE060C1 8/11/1998 13:43:00 43 #/100ml   9222-D         
21FLSUW SRE060C1 9/10/1998 12:39:00 160 #/100ml   9222-D         
21FLSUW SRE060C1 10/15/1998 13:21:00 9 #/100ml   9222-D         
21FLSUW SRE060C1 11/5/1998 12:30:00 230 #/100ml   9222-D         
21FLSUW SRE060C1 12/28/1998 14:22:00 26 #/100ml   9222-D         
21FLSUW SRE060C1 1/19/1999 12:15:00 43 #/100ml   9222-D         
21FLSUW SRE060C1 2/3/1999 12:51:00 170 #/100ml   9222-D         
21FLSUW SRE060C1 3/3/1999 13:21:00 18 #/100ml   9222-D         
21FLSUW SRE060C1 6/15/1999 14:06:00 2 #/100ml   9222-D         
21FLSUW SRE060C1 6/15/1999 13:58:00 3 #/100ml   9222-D         
21FLSUW SRE060C1 7/13/1999 13:35:00 *Non-detect 9222-D         1 #/100ml   
21FLSUW SRE060C1 7/13/1999 13:22:00 3 #/100ml   9222-D         
21FLSUW SRE060C1 9/28/1999 13:54:00 80 #/100ml   9222-D         



21FLSUW SRE060C1 9/28/1999 13:58:00 180 #/100ml   9222-D         
21FLSUW SRE060C1 9/28/1999 13:56:00 30 #/100ml   9222-D         

21FLSUW SRE080C1 10/3/1995 17:25:00 *Non-detect 9222-D         100 #/100ml   
21FLSUW SRE080C1 11/16/1995 15:31:00 10 #/100ml   9222-D         
21FLSUW SRE080C1 12/6/1995 13:08:00 30 #/100ml   9222-D         
21FLSUW SRE080C1 12/6/1995 13:12:00 102 #/100ml   9222-D         
21FLSUW SRE080C1 1/10/1996 13:36:00 *Non-detect 9222-D         10 #/100ml   
21FLSUW SRE080C1 2/7/1996 12:48:00 *Non-detect 9222-D         10 #/100ml   
21FLSUW SRE080C1 3/6/1996 12:18:00 80 #/100ml   9222-D         
21FLSUW SRE080C1 3/6/1996 12:16:00 110 #/100ml   9222-D         
21FLSUW SRE080C1 4/3/1996 12:38:00 10 #/100ml   9222-D         
21FLSUW SRE080C1 4/3/1996 12:34:00 30 #/100ml   9222-D         
21FLSUW SRE080C1 5/16/1996 13:27:00 50 #/100ml   9222-D         
21FLSUW SRE080C1 6/13/1996 13:30:00 *Non-detect 9222-D         10 #/100ml   
21FLSUW SRE080C1 6/13/1996 13:34:00 *Non-detect 9222-D         10 #/100ml   
21FLSUW SRE080C1 7/18/1996 11:37:00 *Non-detect 9222-D         100 #/100ml   
21FLSUW SRE080C1 7/18/1996 11:40:00 *Non-detect 9222-D         100 #/100ml   
21FLSUW SRE080C1 8/22/1996 12:06:00 *Non-detect 9222-D         100 #/100ml   
21FLSUW SRE080C1 9/19/1996 11:58:00 100 #/100ml   9222-D         
21FLSUW SRE080C1 10/11/1996 12:11:00 48 #/100ml   9222-D         
21FLSUW SRE080C1 11/6/1996 13:00:00 100 #/100ml   9222-D         
21FLSUW SRE080C1 11/6/1996 12:59:00 32 #/100ml   9222-D         
21FLSUW SRE080C1 12/4/1996 12:26:00 68 #/100ml   9222-D         
21FLSUW SRE080C1 1/23/1997 12:10:00 75 #/100ml   9222-D         
21FLSUW SRE080C1 2/12/1997 12:37:00 27 #/100ml   9222-D         
21FLSUW SRE080C1 2/12/1997 12:39:00 28 #/100ml   9222-D         
21FLSUW SRE080C1 3/12/1997 11:31:00 60 #/100ml   9222-D         
21FLSUW SRE080C1 4/3/1997 13:52:00 12 #/100ml   9222-D         
21FLSUW SRE080C1 4/3/1997 13:49:00 52 #/100ml   9222-D         
21FLSUW SRE080C1 5/7/1997 12:43:00 16 #/100ml   9222-D         
21FLSUW SRE080C1 5/7/1997 12:41:00 27 #/100ml   9222-D         
21FLSUW SRE080C1 6/4/1997 12:30:00 4 #/100ml   9222-D         
21FLSUW SRE080C1 7/14/1997 13:26:00 21 #/100ml   9222-D         
21FLSUW SRE080C1 7/14/1997 13:22:00 230 #/100ml   9222-D         
21FLSUW SRE080C1 8/7/1997 11:46:00 54 #/100ml   9222-D         
21FLSUW SRE080C1 9/9/1997 13:04:00 90 #/100ml   9222-D         
21FLSUW SRE080C1 10/2/1997 11:34:00 50 #/100ml   9222-D         
21FLSUW SRE080C1 11/11/1997 14:50:00 250 #/100ml   9222-D         
21FLSUW SRE080C1 11/11/1997 14:47:00 108 #/100ml   9222-D         
21FLSUW SRE080C1 12/9/1997 14:39:00 84 #/100ml   9222-D         
21FLSUW SRE080C1 1/13/1998 13:26:00 133 #/100ml   9222-D         
21FLSUW SRE080C1 1/13/1998 13:28:00 105 #/100ml   9222-D         
21FLSUW SRE080C1 2/10/1998 13:34:00 94 #/100ml   9222-D         
21FLSUW SRE080C1 3/17/1998 15:48:00 41 #/100ml   9222-D         
21FLSUW SRE080C1 3/17/1998 15:52:00 28 #/100ml   9222-D         
21FLSUW SRE080C1 4/13/1998 16:10:00 12 #/100ml   9222-D         
21FLSUW SRE080C1 4/13/1998 16:08:00 8 #/100ml   9222-D         
21FLSUW SRE080C1 5/6/1998 14:19:00 8 #/100ml   9222-D         
21FLSUW SRE080C1 6/3/1998 15:06:00 4 #/100ml   9222-D         
21FLSUW SRE080C1 7/7/1998 15:21:00 *Non-detect 9222-D         1 #/100ml   
21FLSUW SRE080C1 7/7/1998 15:19:00 30 #/100ml   9222-D         
21FLSUW SRE080C1 8/11/1998 13:15:00 27 #/100ml   9222-D         
21FLSUW SRE080C1 9/10/1998 13:39:00 200 #/100ml   9222-D         
21FLSUW SRE080C1 10/15/1998 14:27:00 80 #/100ml   9222-D         
21FLSUW SRE080C1 10/15/1998 14:28:00 120 #/100ml   9222-D         
21FLSUW SRE080C1 11/9/1998 13:34:00 870 #/100ml   9222-D         
21FLSUW SRE080C1 11/9/1998 13:32:00 810 #/100ml   9222-D         
21FLSUW SRE080C1 12/28/1998 13:44:00 31 #/100ml   9222-D         
21FLSUW SRE080C1 12/28/1998 13:42:00 60 #/100ml   9222-D         
21FLSUW SRE080C1 1/19/1999 12:44:00 88 #/100ml   9222-D         
21FLSUW SRE080C1 2/3/1999 13:46:00 87 #/100ml   9222-D         
21FLSUW SRE080C1 3/3/1999 14:47:00 16 #/100ml   9222-D         



21FLSUW SRE080C1 3/3/1999 14:43:00 10 #/100ml   9222-D         
21FLSUW SRE080C1 6/15/1999 15:18:00 *Non-detect 9222-D         1 #/100ml   
21FLSUW SRE080C1 7/13/1999 14:47:00 1 #/100ml   9222-D         
21FLSUW SRE080C1 7/13/1999 14:57:00 1 #/100ml   9222-D         
21FLSUW SRE080C1 8/18/1999 13:54:00 230 #/100ml   9222-D         
21FLSUW SRE080C1 9/28/1999 15:24:00 3 #/100ml   9222-D         
21FLSUW SRE080C1 9/28/1999 15:22:00 3 #/100ml   9222-D         
21FLSUW SRE080C1 10/29/2001 11:35:00 7 #/100ml   9222-D         
21FLSUW SRE080C1 12/13/2001 14:50:00 90 #/100ml   9222-D         
21FLSUW SRE080C1 12/13/2001 15:01:00 60 #/100ml   9222-D         
21FLSUW SRE080C1 2/11/2002 14:18:00 990 #/100ml   9222-D         
21FLSUW SRE080C1 4/8/2002 15:23:00 18 #/100ml   9222-D         
21FLSUW SRE080C1 6/11/2002 15:07:00 *Non-detect 9222-D         0 #/100ml   
21FLSUW SRE080C1 8/15/2002 14:22:00 70 #/100ml   9222-D         
21FLSUW SRE080C1 2/10/2003 14:53:00 70 #/100ml   9222-D         
21FLSUW SRE080C1 4/14/2003 13:27:00 20 #/100ml   9222-D         
21FLSUW SRE080C1 6/11/2003 15:58:00 970 #/100ml   9222-D         
21FLSUW SRE080C1 10/8/2003 13:17:00 540 #/100ml   9222-D         
21FLSUW SRE080C1 2/9/2004 12:15:00 140 #/100ml   9222-D         
21FLSUW SRE080C1 4/15/2004 12:46:00 100 #/100ml   9222-D         
21FLSUW SRE080C1 8/11/2004 11:40:00 360 #/100ml   9222-D         
21FLSUW SRE080C1 12/13/2004 14:48:00 400 #/100ml   9222-D         
21FLSUW SRE080C1 2/3/2005 13:47:00 90 #/100ml   9222-D         
21FLSUW SRE080C1 4/18/2005 12:40:00 40 #/100ml   9222-D         

21FLSUW SUW275C1 2/13/1990 12:10:00 10 #/100ml   9222-D         
21FLSUW SUW275C1 3/13/1990 10:55:00 20 #/100ml   9222-D         
21FLSUW SUW275C1 4/17/1990 11:00:00 7 #/100ml   9222-D         
21FLSUW SUW275C1 5/15/1990 13:07:00 1 #/100ml   9222-D         
21FLSUW SUW275C1 6/12/1990 13:00:00 15 #/100ml   9222-D         
21FLSUW SUW275C1 7/16/1990 11:10:00 *Non-detect 9222-D         1 #/100ml   
21FLSUW SUW275C1 8/16/1990 11:50:00 *Non-detect 9222-D         1 #/100ml   
21FLSUW SUW275C1 9/13/1990 11:55:00 *Non-detect 9222-D         1 #/100ml   
21FLSUW SUW275C1 10/16/1990 15:40:00 35 #/100ml   9222-D         
21FLSUW SUW275C1 11/14/1990 12:05:00 32 #/100ml   9222-D         
21FLSUW SUW275C1 12/12/1990 16:15:00 13 #/100ml   9222-D         
21FLSUW SUW275C1 1/15/1991 13:05:00 33 #/100ml   9222-D         
21FLSUW SUW275C1 4/10/1996 11:10:00 *Non-detect 9222-D         10 #/100ml   
21FLSUW SUW275C1 10/9/1996 11:06:00 60 #/100ml   9222-D         
21FLSUW SUW275C1 2/20/1997 11:30:00 140 #/100ml   9222-D         
21FLSUW SUW275C1 4/10/1997 10:20:00 4 #/100ml   9222-D         
21FLSUW SUW275C1 6/12/1997 10:30:00 19 #/100ml   9222-D         
21FLSUW SUW275C1 8/15/1997 10:28:00 27 #/100ml   9222-D         
21FLSUW SUW275C1 10/11/1999 10:51:00 32 #/100ml   9222-D         
21FLSUW SUW275C1 11/1/1999 9:57:00 200 #/100ml   9222-D         
21FLSUW SUW275C1 12/20/1999 11:41:00 28 #/100ml   9222-D         
21FLSUW SUW275C1 1/12/2000 14:55:00 17 #/100ml   9222-D         
21FLSUW SUW275C1 1/12/2000 14:53:00 20 #/100ml   9222-D         
21FLSUW SUW275C1 2/1/2000 8:30:00 13 #/100ml   9222-D         
21FLSUW SUW275C1 3/9/2000 9:50:00 21 #/100ml   9222-D         
21FLSUW SUW275C1 4/10/2000 10:27:00 8 #/100ml   9222-D         
21FLSUW SUW275C1 5/1/2000 9:35:00 4 #/100ml   9222-D         
21FLSUW SUW275C1 6/19/2000 14:18:00 45 #/100ml   9222-D         
21FLSUW SUW275C1 7/19/2000 10:05:00 4 #/100ml   9222-D         
21FLSUW SUW275C1 8/21/2000 9:43:00 320 #/100ml   9222-D         
21FLSUW SUW275C1 9/12/2000 9:06:00 40 #/100ml   9222-D         
21FLSUW SUW275C1 10/10/2000 14:30:00 8 #/100ml   9222-D         
21FLSUW SUW275C1 11/15/2000 9:33:00 59 #/100ml   9222-D         
21FLSUW SUW275C1 12/13/2000 14:23:00 28 #/100ml   9222-D         
21FLSUW SUW275C1 2/8/2001 15:11:00 44 #/100ml   9222-D         
21FLSUW SUW275C1 3/8/2001 10:13:00 6 #/100ml   9222-D         
21FLSUW SUW275C1 5/15/2001 9:24:00 3 #/100ml   9222-D         
21FLSUW SUW275C1 6/12/2001 11:06:00 15 #/100ml   9222-D         



21FLSUW SUW275C1 7/17/2001 10:41:00 9 #/100ml   9222-D         
21FLSUW SUW275C1 8/16/2001 10:03:00 120 #/100ml   9222-D         
21FLSUW SUW275C1 9/13/2001 10:15:00 60 #/100ml   9222-D         
21FLSUW SUW275C1 10/29/2001 14:48:00 7 #/100ml   9222-D         
21FLSUW SUW275C1 11/15/2001 9:30:00 9 #/100ml   9222-D         
21FLSUW SUW275C1 12/13/2001 9:49:00 190 #/100ml   9222-D         
21FLSUW SUW275C1 1/16/2002 12:37:00 180 #/100ml   9222-D         
21FLSUW SUW275C1 2/11/2002 10:16:00 1700 #/100ml   9222-D         
21FLSUW SUW275C1 3/11/2002 10:35:00 10 #/100ml   9222-D         
21FLSUW SUW275C1 4/8/2002 10:53:00 11 #/100ml   9222-D         
21FLSUW SUW275C1 5/14/2002 9:20:00 18 #/100ml   9222-D         
21FLSUW SUW275C1 6/11/2002 10:46:00 6 #/100ml   9222-D         
21FLSUW SUW275C1 7/15/2002 9:55:00 44 #/100ml   9222-D         
21FLSUW SUW275C1 8/15/2002 10:35:00 72 #/100ml   9222-D         
21FLSUW SUW275C1 9/12/2002 10:54:00 20 #/100ml   9222-D         
21FLSUW SUW275C1 1/14/2003 13:03:00 50 #/100ml   9222-D         
21FLSUW SUW275C1 4/14/2003 10:41:00 300 #/100ml   9222-D         
21FLSUW SUW275C1 7/8/2003 13:31:00 260 #/100ml   9222-D         
21FLSUW SUW275C1 10/8/2003 9:53:00 550 #/100ml   9222-D         
21FLSUW SUW275C1 2/9/2004 9:08:00 110 #/100ml   9222-D         
21FLSUW SUW275C1 4/15/2004 9:22:00 230 #/100ml   9222-D         
21FLSUW SUW275C1 7/8/2004 12:00:00 800 #/100ml   9222-D         
21FLSUW SUW275C1 11/15/2004 10:09:00 400 #/100ml   9222-D         
21FLSUW SUW275C1 1/10/2005 13:54:00 100 #/100ml   9222-D         
21FLSUW SUW275C1 4/18/2005 9:20:00 40 #/100ml   9222-D         
21FLSUW SUW275C1 7/18/2005 12:12:00 80 #/100ml   9222-D         

21FLSUW SUW285C1 10/11/1999 11:14:00 35 #/100ml   9222-D         
21FLSUW SUW285C1 10/11/1999 11:16:00 38 #/100ml   9222-D         
21FLSUW SUW285C1 11/1/1999 10:29:00 270 #/100ml   9222-D         
21FLSUW SUW285C1 12/20/1999 14:05:00 33 #/100ml   9222-D         
21FLSUW SUW285C1 1/12/2000 15:17:00 12 #/100ml   9222-D         
21FLSUW SUW285C1 2/1/2000 8:52:00 7 #/100ml   9222-D         
21FLSUW SUW285C1 3/9/2000 10:19:00 38 #/100ml   9222-D         
21FLSUW SUW285C1 3/9/2000 10:21:00 24 #/100ml   9222-D         
21FLSUW SUW285C1 4/10/2000 10:53:00 25 #/100ml   9222-D         
21FLSUW SUW285C1 5/1/2000 9:57:00 4 #/100ml   9222-D         
21FLSUW SUW285C1 6/19/2000 14:32:00 32 #/100ml   9222-D         
21FLSUW SUW285C1 7/19/2000 10:21:00 30 #/100ml   9222-D         
21FLSUW SUW285C1 8/21/2000 9:59:00 140 #/100ml   9222-D         
21FLSUW SUW285C1 9/12/2000 9:23:00 32 #/100ml   9222-D         
21FLSUW SUW285C1 9/12/2000 9:21:00 30 #/100ml   9222-D         
21FLSUW SUW285C1 10/10/2000 14:57:00 14 #/100ml   9222-D         
21FLSUW SUW285C1 10/10/2000 14:55:00 24 #/100ml   9222-D         
21FLSUW SUW285C1 11/15/2000 8:55:00 90 #/100ml   9222-D         
21FLSUW SUW285C1 12/13/2000 14:53:00 210 #/100ml   9222-D         
21FLSUW SUW285C1 12/13/2000 14:51:00 120 #/100ml   9222-D         
21FLSUW SUW285C1 2/8/2001 14:41:00 67 #/100ml   9222-D         
21FLSUW SUW285C1 3/8/2001 10:34:00 9 #/100ml   9222-D         
21FLSUW SUW285C1 4/9/2001 14:22:00 56 #/100ml   9222-D         
21FLSUW SUW285C1 5/15/2001 9:48:00 21 #/100ml   9222-D         
21FLSUW SUW285C1 6/12/2001 11:31:00 27 #/100ml   9222-D         
21FLSUW SUW285C1 7/17/2001 10:18:00 27 #/100ml   9222-D         
21FLSUW SUW285C1 8/16/2001 10:29:00 10 #/100ml   9222-D         
21FLSUW SUW285C1 9/13/2001 10:31:00 23 #/100ml   9222-D         
21FLSUW SUW285C1 10/29/2001 14:19:00 *Non-detect 9222-D         1 #/100ml   
21FLSUW SUW285C1 11/15/2001 9:48:00 25 #/100ml   9222-D         
21FLSUW SUW285C1 12/13/2001 10:50:00 190 #/100ml   9222-D         
21FLSUW SUW285C1 1/16/2002 12:59:00 69 #/100ml   9222-D         
21FLSUW SUW285C1 3/11/2002 11:13:00 13 #/100ml   9222-D         
21FLSUW SUW285C1 3/11/2002 11:11:00 15 #/100ml   9222-D         
21FLSUW SUW285C1 4/8/2002 11:23:00 70 #/100ml   9222-D         
21FLSUW SUW285C1 5/14/2002 9:40:00 31 #/100ml   9222-D         



21FLSUW SUW285C1 6/11/2002 11:08:00 14 #/100ml   9222-D         
21FLSUW SUW285C1 6/11/2002 11:06:00 6 #/100ml   9222-D         
21FLSUW SUW285C1 7/15/2002 10:26:00 58 #/100ml   9222-D         
21FLSUW SUW285C1 8/15/2002 10:59:00 46 #/100ml   9222-D         
21FLSUW SUW285C1 9/12/2002 11:26:00 23 #/100ml   9222-D         
21FLSUW SUW285C1 4/14/2003 10:58:00 80 #/100ml   9222-D         
21FLSUW SUW285C1 7/8/2003 13:55:00 490 #/100ml   9222-D         
21FLSUW SUW285C1 10/8/2003 10:20:00 350 #/100ml   9222-D         
21FLSUW SUW285C1 2/9/2004 9:33:00 90 #/100ml   9222-D         
21FLSUW SUW285C1 4/15/2004 9:42:00 70 #/100ml   9222-D         
21FLSUW SUW285C1 7/8/2004 11:37:00 920 #/100ml   9222-D         
21FLSUW SUW285C1 11/15/2004 11:00:00 100 #/100ml   9222-D         
21FLSUW SUW285C1 1/10/2005 14:16:00 100 #/100ml   9222-D         
21FLSUW SUW285C1 4/18/2005 9:50:00 160 #/100ml   9222-D         
21FLSUW SUW285C1 7/18/2005 12:33:00 100 #/100ml   9222-D         

21FLSUW SUW305C1 2/13/1990 11:30:00 13 #/100ml   9222-D         
21FLSUW SUW305C1 3/13/1990 10:30:00 23 #/100ml   9222-D         
21FLSUW SUW305C1 4/17/1990 10:15:00 3 #/100ml   9222-D         
21FLSUW SUW305C1 5/15/1990 9:45:00 *Non-detect 9222-D         1 #/100ml   
21FLSUW SUW305C1 6/12/1990 11:55:00 37 #/100ml   9222-D         
21FLSUW SUW305C1 7/16/1990 10:00:00 *Non-detect 9222-D         1 #/100ml   
21FLSUW SUW305C1 8/16/1990 10:32:00 *Non-detect 9222-D         1 #/100ml   
21FLSUW SUW305C1 9/13/1990 10:52:00 52 #/100ml   9222-D         
21FLSUW SUW305C1 10/16/1990 14:25:00 590 #/100ml   9222-D         
21FLSUW SUW305C1 11/14/1990 14:45:00 37 #/100ml   9222-D         
21FLSUW SUW305C1 12/12/1990 15:15:00 50 #/100ml   9222-D         
21FLSUW SUW305C1 1/15/1991 11:50:00 50 #/100ml   9222-D         
21FLSUW SUW305C1 10/11/1999 11:47:00 45 #/100ml   9222-D         
21FLSUW SUW305C1 11/1/1999 11:02:00 200 #/100ml   9222-D         
21FLSUW SUW305C1 12/20/1999 13:45:00 47 #/100ml   9222-D         
21FLSUW SUW305C1 12/20/1999 13:47:00 60 #/100ml   9222-D         
21FLSUW SUW305C1 1/12/2000 15:38:00 39 #/100ml   9222-D         
21FLSUW SUW305C1 2/1/2000 9:14:00 13 #/100ml   9222-D         
21FLSUW SUW305C1 3/9/2000 10:54:00 29 #/100ml   9222-D         
21FLSUW SUW305C1 4/10/2000 11:37:00 15 #/100ml   9222-D         
21FLSUW SUW305C1 4/10/2000 11:39:00 26 #/100ml   9222-D         
21FLSUW SUW305C1 5/1/2000 10:21:00 *Non-detect 9222-D         1 #/100ml   
21FLSUW SUW305C1 5/1/2000 10:19:00 10 #/100ml   9222-D         
21FLSUW SUW305C1 6/19/2000 15:05:00 2 #/100ml   9222-D         
21FLSUW SUW305C1 6/19/2000 15:07:00 1 #/100ml   9222-D         
21FLSUW SUW305C1 7/19/2000 10:45:00 47 #/100ml   9222-D         
21FLSUW SUW305C1 8/21/2000 10:27:00 160 #/100ml   9222-D         
21FLSUW SUW305C1 9/12/2000 9:53:00 11 #/100ml   9222-D         
21FLSUW SUW305C1 10/10/2000 15:24:00 16 #/100ml   9222-D         
21FLSUW SUW305C1 11/15/2000 8:11:00 300 #/100ml   9222-D         
21FLSUW SUW305C1 12/13/2000 15:47:00 250 #/100ml   9222-D         
21FLSUW SUW305C1 2/8/2001 14:07:00 50 #/100ml   9222-D         
21FLSUW SUW305C1 3/7/2001 11:37:00 20 #/100ml   9222-D         
21FLSUW SUW305C1 3/7/2001 11:35:00 20 #/100ml   9222-D         
21FLSUW SUW305C1 4/9/2001 13:57:00 74 #/100ml   9222-D         
21FLSUW SUW305C1 5/15/2001 10:21:00 19 #/100ml   9222-D         
21FLSUW SUW305C1 6/12/2001 12:35:00 19 #/100ml   9222-D         
21FLSUW SUW305C1 7/17/2001 10:00:00 50 #/100ml   9222-D         
21FLSUW SUW305C1 8/16/2001 10:55:00 280 #/100ml   9222-D         
21FLSUW SUW305C1 8/16/2001 10:53:00 310 #/100ml   9222-D         
21FLSUW SUW305C1 9/13/2001 11:32:00 90 #/100ml   9222-D         
21FLSUW SUW305C1 10/29/2001 12:06:00 22 #/100ml   9222-D         
21FLSUW SUW305C1 11/15/2001 10:29:00 14 #/100ml   9222-D         
21FLSUW SUW305C1 12/13/2001 11:54:00 140 #/100ml   9222-D         
21FLSUW SUW305C1 1/16/2002 13:33:00 48 #/100ml   9222-D         
21FLSUW SUW305C1 2/11/2002 12:30:00 830 #/100ml   9222-D         
21FLSUW SUW305C1 3/11/2002 12:03:00 21 #/100ml   9222-D         



21FLSUW SUW305C1 4/8/2002 12:52:00 102 #/100ml   9222-D         
21FLSUW SUW305C1 5/14/2002 10:11:00 40 #/100ml   9222-D         
21FLSUW SUW305C1 6/11/2002 12:45:00 6 #/100ml   9222-D         
21FLSUW SUW305C1 7/15/2002 10:44:00 58 #/100ml   9222-D         
21FLSUW SUW305C1 8/15/2002 12:11:00 28 #/100ml   9222-D         
21FLSUW SUW305C1 8/15/2002 12:09:00 130 #/100ml   9222-D         
21FLSUW SUW305C1 9/12/2002 12:38:00 36 #/100ml   9222-D         
21FLSUW SUW305C1 1/14/2003 13:42:00 20 #/100ml   9222-D         
21FLSUW SUW305C1 4/14/2003 11:52:00 150 #/100ml   9222-D         
21FLSUW SUW305C1 7/8/2003 14:37:00 320 #/100ml   9222-D         
21FLSUW SUW305C1 10/8/2003 11:26:00 600 #/100ml   9222-D         
21FLSUW SUW305C1 2/9/2004 12:39:00 70 #/100ml   9222-D         
21FLSUW SUW305C1 4/15/2004 11:03:00 150 #/100ml   9222-D         
21FLSUW SUW305C1 7/8/2004 12:29:00 1480 #/100ml   9222-D         
21FLSUW SUW305C1 11/15/2004 12:05:00 100 #/100ml   9222-D         
21FLSUW SUW305C1 1/10/2005 14:41:00 100 #/100ml   9222-D         
21FLSUW SUW305C1 4/18/2005 8:45:00 150 #/100ml   9222-D         
21FLSUW SUW305C1 7/18/2005 12:57:00 50 #/100ml   9222-D         

21FLSUW SUW410C1 5/15/1990 10:40:00 14 #/100ml   9222-D         
21FLSUW SUW410C1 6/12/1990 12:30:00 29 #/100ml   9222-D         
21FLSUW SUW410C1 7/16/1990 10:40:00 20 #/100ml   9222-D         
21FLSUW SUW410C1 8/16/1990 11:20:00 *Non-detect 9222-D         1 #/100ml   
21FLSUW SUW410C1 9/13/1990 11:20:00 *Non-detect 9222-D         1 #/100ml   
21FLSUW SUW410C1 10/16/1990 15:10:00 *Non-detect 9222-D         1 #/100ml   
21FLSUW SUW410C1 11/14/1990 15:20:00 34 #/100ml   9222-D         
21FLSUW SUW410C1 12/12/1990 15:45:00 31 #/100ml   9222-D         
21FLSUW SUW410C1 1/15/1991 12:25:00 72 #/100ml   9222-D         

Note:
Analytical Procedure - The abbreviated name or identifying code of the analytical procedure.
MDL - MINIMUM DETECTION LIMIT - Refers to the least amount of the target substance that could be detected 
by the instrument or analytical process that was used to determine the result. Above this value, the target substance is presumed to be present.
VQ - VALUE QUALIFIER - A code describing specific quality assurance conditions as reported by the data provider. 
Where applicable, following definitions apply. 
I - The reported value is between the laboratory method detection limit and the laboratory practical quantitation limit.
U - Indicates that the compound was analyzed for but not detected. This symbol shall be used to indicate that the specified component 
was not detected. The value associated with the qualifier shall be the laboratory method detection limit. Unless requested by the client, 
less than the method detection limit values shall not be reported.
V - Indicates that the analyte was detected in both the sample and the associated method blank. 



Total Kjeldahl Nitrogen
Source: Florida Department of Environmental Protection, 2009

Org ID Station ID Date Time Value Units Analytical MDL MDL Units PQL VQ
Procedure

21FLSUW SRE060C1 5/16/1996 12:13:00 0.3 mg/l      351.2
21FLSUW SRE060C1 5/16/1996 12:16:00 0.4 mg/l      351.2
21FLSUW SRE060C1 6/13/1996 12:20:00 0.52 mg/l      351.2
21FLSUW SRE060C1 6/13/1996 12:15:00 0.54 mg/l      351.2
21FLSUW SRE060C1 7/18/1996 10:31:00 0.61 mg/l      351.2
21FLSUW SRE060C1 8/22/1996 11:06:00 0.58 mg/l      351.2
21FLSUW SRE060C1 8/22/1996 11:11:00 0.7 mg/l      351.2
21FLSUW SRE060C1 9/19/1996 11:08:00 0.34 mg/l      351.2
21FLSUW SRE060C1 10/11/1996 11:14:00 0.46 mg/l      351.2
21FLSUW SRE060C1 11/6/1996 11:50:00 0.64 mg/l      351.2
21FLSUW SRE060C1 11/6/1996 11:52:00 0.55 mg/l      351.2
21FLSUW SRE060C1 11/6/1996 11:54:00 0.54 mg/l      351.2
21FLSUW SRE060C1 12/4/1996 11:34:00 0.22 mg/l      351.2
21FLSUW SRE060C1 1/23/1997 11:00:00 0.72 mg/l      351.2
21FLSUW SRE060C1 3/12/1997 11:03:00 0.88 mg/l      351.2
21FLSUW SRE060C1 4/3/1997 12:36:00 0.61 mg/l      351.2
21FLSUW SRE060C1 5/7/1997 11:38:00 0.71 mg/l      351.2
21FLSUW SRE060C1 6/4/1997 11:26:00 0.31 mg/l      351.2
21FLSUW SRE060C1 7/14/1997 12:11:00 0.61 mg/l      351.2
21FLSUW SRE060C1 8/7/1997 10:43:00 0.53 mg/l      351.2
21FLSUW SRE060C1 9/9/1997 11:49:00 0.27 mg/l      351.2
21FLSUW SRE060C1 10/2/1997 11:56:00 0.08 mg/l      351.2
21FLSUW SRE060C1 11/11/1997 13:20:00 0.65 mg/l      351.2
21FLSUW SRE060C1 11/11/1997 13:22:00 0.61 mg/l      351.2
21FLSUW SRE060C1 12/9/1997 12:06:00 0.32 mg/l      351.2
21FLSUW SRE060C1 1/13/1998 14:14:00 0.58 mg/l      351.2
21FLSUW SRE060C1 2/10/1998 14:06:00 0.34 mg/l      351.2
21FLSUW SRE060C1 3/17/1998 14:37:00 0.5 mg/l      351.2
21FLSUW SRE060C1 3/17/1998 14:39:00 0.71 mg/l      351.2
21FLSUW SRE060C1 4/13/1998 14:58:00 0.36 mg/l      351.2
21FLSUW SRE060C1 5/6/1998 13:52:00 0.43 mg/l      351.2
21FLSUW SRE060C1 6/3/1998 14:06:00 0.2 mg/l      351.2
21FLSUW SRE060C1 7/7/1998 14:00:00 0.64 mg/l      351.2
21FLSUW SRE060C1 7/7/1998 14:03:00 0.69 mg/l      351.2
21FLSUW SRE060C1 8/11/1998 13:43:00 0.12 mg/l      351.2
21FLSUW SRE060C1 9/10/1998 12:39:00 0.23 mg/l      351.2
21FLSUW SRE060C1 10/15/1998 13:21:00 1.02 mg/l      351.2
21FLSUW SRE060C1 11/5/1998 12:30:00 0.26 mg/l      351.2
21FLSUW SRE060C1 12/28/1998 14:22:00 0.21 mg/l      351.2
21FLSUW SRE060C1 1/19/1999 12:15:00 0.31 mg/l      351.2
21FLSUW SRE060C1 2/3/1999 12:51:00 0.44 mg/l      351.2
21FLSUW SRE060C1 3/3/1999 13:21:00 0.2 mg/l      351.2
21FLSUW SRE060C1 6/15/1999 14:06:00 0.36 mg/l      351.2
21FLSUW SRE060C1 6/15/1999 13:58:00 0.24 mg/l      351.2
21FLSUW SRE060C1 7/13/1999 13:35:00 0.64 mg/l      351.2
21FLSUW SRE060C1 7/13/1999 13:22:00 0.5 mg/l      351.2
21FLSUW SRE060C1 9/28/1999 13:54:00 0.28 mg/l      351.2
21FLSUW SRE060C1 9/28/1999 13:58:00 0.33 mg/l      351.2
21FLSUW SRE060C1 9/28/1999 13:56:00 0.31 mg/l      351.2

21FLSUW SRE080C1 5/16/1996 13:27:00 0.05 mg/l      351.2
21FLSUW SRE080C1 6/13/1996 13:34:00 0.77 mg/l      351.2
21FLSUW SRE080C1 6/13/1996 13:30:00 0.78 mg/l      351.2
21FLSUW SRE080C1 7/18/1996 11:37:00 0.98 mg/l      351.2
21FLSUW SRE080C1 7/18/1996 11:40:00 0.9 mg/l      351.2
21FLSUW SRE080C1 8/22/1996 12:06:00 0.69 mg/l      351.2



21FLSUW SRE080C1 9/19/1996 11:58:00 0.62 mg/l      351.2
21FLSUW SRE080C1 10/11/1996 12:11:00 0.95 mg/l      351.2
21FLSUW SRE080C1 11/6/1996 13:00:00 0.65 mg/l      351.2
21FLSUW SRE080C1 11/6/1996 12:59:00 0.65 mg/l      351.2
21FLSUW SRE080C1 12/4/1996 12:26:00 0.63 mg/l      351.2
21FLSUW SRE080C1 1/23/1997 12:10:00 1.06 mg/l      351.2
21FLSUW SRE080C1 2/12/1997 12:37:00 1.08 mg/l      351.2
21FLSUW SRE080C1 2/12/1997 12:39:00 1.25 mg/l      351.2
21FLSUW SRE080C1 3/12/1997 11:31:00 0.8 mg/l      351.2
21FLSUW SRE080C1 4/3/1997 13:49:00 0.77 mg/l      351.2
21FLSUW SRE080C1 4/3/1997 13:52:00 0.69 mg/l      351.2
21FLSUW SRE080C1 5/7/1997 12:43:00 1.02 mg/l      351.2
21FLSUW SRE080C1 5/7/1997 12:45:00 1.24 mg/l      351.2
21FLSUW SRE080C1 5/7/1997 12:41:00 1.08 mg/l      351.2
21FLSUW SRE080C1 6/4/1997 12:30:00 0.83 mg/l      351.2
21FLSUW SRE080C1 7/14/1997 13:22:00 0.57 mg/l      351.2
21FLSUW SRE080C1 7/14/1997 13:26:00 0.62 mg/l      351.2
21FLSUW SRE080C1 8/7/1997 11:46:00 0.63 mg/l      351.2
21FLSUW SRE080C1 9/9/1997 13:04:00 0.63 mg/l      351.2
21FLSUW SRE080C1 10/2/1997 11:34:00 0.79 mg/l      351.2
21FLSUW SRE080C1 11/11/1997 14:47:00 0.94 mg/l      351.2
21FLSUW SRE080C1 11/11/1997 14:50:00 1.1 mg/l      351.2
21FLSUW SRE080C1 12/9/1997 14:39:00 0.08 mg/l      351.2
21FLSUW SRE080C1 1/13/1998 13:26:00 0.71 mg/l      351.2
21FLSUW SRE080C1 1/13/1998 13:28:00 0.68 mg/l      351.2
21FLSUW SRE080C1 2/10/1998 13:34:00 0.73 mg/l      351.2
21FLSUW SRE080C1 3/17/1998 15:52:00 1.02 mg/l      351.2
21FLSUW SRE080C1 3/17/1998 15:48:00 1.2 mg/l      351.2
21FLSUW SRE080C1 4/13/1998 16:08:00 0.66 mg/l      351.2
21FLSUW SRE080C1 4/13/1998 16:10:00 0.56 mg/l      351.2
21FLSUW SRE080C1 5/6/1998 14:19:00 0.31 mg/l      351.2
21FLSUW SRE080C1 6/3/1998 15:06:00 0.8 mg/l      351.2
21FLSUW SRE080C1 7/7/1998 15:21:00 0.81 mg/l      351.2
21FLSUW SRE080C1 7/7/1998 15:19:00 0.81 mg/l      351.2
21FLSUW SRE080C1 8/11/1998 13:15:00 0.54 mg/l      351.2
21FLSUW SRE080C1 9/10/1998 13:39:00 0.44 mg/l      351.2
21FLSUW SRE080C1 10/15/1998 14:27:00 1.12 mg/l      351.2
21FLSUW SRE080C1 10/15/1998 14:28:00 1.02 mg/l      351.2
21FLSUW SRE080C1 11/9/1998 13:34:00 0.5 mg/l      351.2
21FLSUW SRE080C1 11/9/1998 13:32:00 0.43 mg/l      351.2
21FLSUW SRE080C1 12/28/1998 13:42:00 0.39 mg/l      351.2
21FLSUW SRE080C1 12/28/1998 13:44:00 0.42 mg/l      351.2
21FLSUW SRE080C1 1/19/1999 12:44:00 0.61 mg/l      351.2
21FLSUW SRE080C1 2/3/1999 13:46:00 0.68 mg/l      351.2
21FLSUW SRE080C1 3/3/1999 14:43:00 0.3 mg/l      351.2
21FLSUW SRE080C1 3/3/1999 14:47:00 0.33 mg/l      351.2
21FLSUW SRE080C1 6/15/1999 15:18:00 0.52 mg/l      351.2
21FLSUW SRE080C1 7/13/1999 14:47:00 0.52 mg/l      351.2
21FLSUW SRE080C1 7/13/1999 14:57:00 0.55 mg/l      351.2
21FLSUW SRE080C1 8/18/1999 13:54:00 0.7 mg/l      351.2
21FLSUW SRE080C1 9/28/1999 15:22:00 0.79 mg/l      351.2
21FLSUW SRE080C1 9/28/1999 15:24:00 0.83 mg/l      351.2
21FLSUW SRE080C1 10/29/2001 11:35:00 0.52 mg/l      351.2
21FLSUW SRE080C1 12/13/2001 15:01:00 0.15 mg/l      351.2
21FLSUW SRE080C1 12/13/2001 14:50:00 0.2 mg/l      351.2
21FLSUW SRE080C1 2/11/2002 14:18:00 0.13 mg/l      351.2
21FLSUW SRE080C1 4/8/2002 15:25:00 0.78 mg/l      351.2
21FLSUW SRE080C1 4/8/2002 15:23:00 0.84 mg/l      351.2
21FLSUW SRE080C1 6/11/2002 15:20:00 0.47 mg/l      351.2
21FLSUW SRE080C1 6/11/2002 15:07:00 0.46 mg/l      351.2
21FLSUW SRE080C1 8/15/2002 14:22:00 0.72 mg/l      351.2
21FLSUW SRE080C1 2/10/2003 15:03:00 0.7 mg/l      351.2
21FLSUW SRE080C1 2/10/2003 14:53:00 0.7 mg/l      351.2



21FLSUW SRE080C1 4/14/2003 13:27:00 1.4 mg/l      351.2
21FLSUW SRE080C1 4/14/2003 13:29:00 1.4 mg/l      351.2
21FLSUW SRE080C1 4/14/2003 13:34:00 1.5 mg/l      351.2
21FLSUW SRE080C1 6/11/2003 15:58:00 0.8 mg/l      351.2
21FLSUW SRE080C1 8/5/2003 14:49:00 1.01 mg/l      351.2
21FLSUW SRE080C1 10/8/2003 13:17:00 0.57 mg/l      351.2
21FLSUW SRE080C1 10/8/2003 13:25:00 0.54 mg/l      351.2
21FLSUW SRE080C1 12/15/2003 13:56:00 1.4 mg/l      351.2
21FLSUW SRE080C1 2/9/2004 12:15:00 0.49 mg/l      351.2
21FLSUW SRE080C1 4/15/2004 12:46:00 1.01 mg/l      351.2
21FLSUW SRE080C1 6/10/2004 13:12:00 0.59 mg/l      351.2
21FLSUW SRE080C1 6/10/2004 13:07:00 0.55 mg/l      351.2
21FLSUW SRE080C1 8/11/2004 11:48:00 0.8 mg/l      351.2
21FLSUW SRE080C1 8/11/2004 11:40:00 0.81 mg/l      351.2
21FLSUW SRE080C1 10/13/2004 12:52:00 1.6 mg/l      351.2
21FLSUW SRE080C1 12/13/2004 14:48:00 0.89 mg/l      351.2
21FLSUW SRE080C1 2/3/2005 13:59:00 0.58 mg/l      351.2
21FLSUW SRE080C1 2/3/2005 13:47:00 0.73 mg/l      351.2
21FLSUW SRE080C1 4/18/2005 12:40:00 0.9 mg/l      351.2
21FLSUW SRE080C1 4/18/2005 12:42:00 1.04 mg/l      351.2
21FLSUW SRE080C1 6/14/2005 14:35:00 0.37 mg/l      351.2
21FLSUW SRE080C1 6/14/2005 14:28:00 0.46 mg/l      351.2
21FLSUW SRE080C1 6/14/2005 14:37:00 0.63 mg/l      351.2
21FLSUW SRE080C1 8/11/2005 13:18:00 1 mg/l      351.2
21FLSUW SRE080C1 10/12/2005 13:16:00 0.8 mg/l      351.2
21FLSUW SRE080C1 10/12/2005 13:03:00 0.694 mg/l      351.2
21FLSUW SRE080C1 12/20/2005 14:04:00 0.34 mg/l      351.2
21FLSUW SRE080C1 2/6/2006 14:00:00 0.53 mg/l      351.2
21FLSUW SRE080C1 4/13/2006 13:42:00 0.53 mg/l      351.2
21FLSUW SRE080C1 4/13/2006 13:28:00 0.58 mg/l      351.2
21FLSUW SRE080C1 6/14/2006 15:05:00 0.96 mg/l      351.2
21FLSUW SRE080C1 8/14/2006 13:31:00 0.942 mg/l      351.2
21FLSUW SRE080C1 10/5/2006 13:28:00 0.71 mg/l      351.2
21FLSUW SRE080C1 10/5/2006 13:40:00 0.21 mg/l      351.2
21FLSUW SRE080C1 12/11/2006 14:51:00 *Non-detect 351.2 0.18 mg/l      
21FLSUW SRE080C1 2/6/2007 14:37:00 0.737 mg/l      351.2
21FLSUW SRE080C1 4/18/2007 13:03:00 1.72 mg/l      351.2
21FLSUW SRE080C1 10/31/2007 10:06:00 0.83 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SRE080C1 10/31/2007 10:14:00 1.07 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SRE080C1 12/27/2007 14:51:00 0.65 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SRE080C1 2/19/2008 10:51:00 0.54 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SRE080C1 8/20/2008 10:05:00 0.69 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SRE080C1 2/11/2009 12:49:00 0.33 mg/l      351.2 0.07 mg/l      0.5 I

21FLSUW SUW275C1 2/13/1990 12:10:00 0.96 mg/l      351.2
21FLSUW SUW275C1 3/13/1990 10:55:00 0.96 mg/l      351.2
21FLSUW SUW275C1 4/17/1990 11:00:00 0.3 mg/l      351.2
21FLSUW SUW275C1 5/15/1990 13:07:00 *Non-detect 351.2 0.1 mg/l      
21FLSUW SUW275C1 6/12/1990 13:00:00 0.26 mg/l      351.2
21FLSUW SUW275C1 7/16/1990 11:10:00 0.22 mg/l      351.2
21FLSUW SUW275C1 8/16/1990 11:50:00 0.34 mg/l      351.2
21FLSUW SUW275C1 9/13/1990 11:55:00 0.2 mg/l      351.2
21FLSUW SUW275C1 10/16/1990 15:40:00 0.13 mg/l      351.2
21FLSUW SUW275C1 11/14/1990 12:05:00 *Non-detect 351.2 0.1 mg/l      
21FLSUW SUW275C1 12/12/1990 16:15:00 0.16 mg/l      351.2
21FLSUW SUW275C1 1/15/1991 13:05:00 0.19 mg/l      351.2
21FLSUW SUW275C1 2/21/1991 12:15:00 0.88 mg/l      351.2
21FLSUW SUW275C1 3/21/1991 15:45:00 0.8 mg/l      351.2
21FLSUW SUW275C1 4/16/1991 13:00:00 0.63 mg/l      351.2
21FLSUW SUW275C1 5/14/1991 15:30:00 0.71 mg/l      351.2
21FLSUW SUW275C1 6/11/1991 13:19:00 0.79 mg/l      351.2
21FLSUW SUW275C1 7/16/1991 12:40:00 0.56 mg/l      351.2
21FLSUW SUW275C1 8/14/1991 12:50:00 0.95 mg/l      351.2



21FLSUW SUW275C1 9/10/1991 12:20:00 0.64 mg/l      351.2
21FLSUW SUW275C1 10/15/1991 11:00:00 0.18 mg/l      351.2
21FLSUW SUW275C1 11/13/1991 13:50:00 0.15 mg/l      351.2
21FLSUW SUW275C1 12/11/1991 13:45:00 *Non-detect 351.2 0.1 mg/l      
21FLSUW SUW275C1 1/14/1992 13:40:00 0.2 mg/l      351.2
21FLSUW SUW275C1 2/11/1992 12:05:00 0.56 mg/l      351.2
21FLSUW SUW275C1 3/10/1992 13:13:00 0.77 mg/l      351.2
21FLSUW SUW275C1 4/14/1992 12:00:00 0.49 mg/l      351.2
21FLSUW SUW275C1 5/11/1992 12:15:00 0.34 mg/l      351.2
21FLSUW SUW275C1 6/8/1992 12:30:00 *Non-detect 351.2 0.1 mg/l      
21FLSUW SUW275C1 7/14/1992 14:11:00 0.56 mg/l      351.2
21FLSUW SUW275C1 8/10/1992 12:07:00 0.43 mg/l      351.2
21FLSUW SUW275C1 9/7/1992 11:15:00 0.83 mg/l      351.2
21FLSUW SUW275C1 10/15/1992 14:10:00 0.7 mg/l      351.2
21FLSUW SUW275C1 2/4/1993 14:25:00 0.52 mg/l      351.2
21FLSUW SUW275C1 2/4/1993 14:35:00 0.6 mg/l      351.2
21FLSUW SUW275C1 2/4/1993 14:30:00 0.45 mg/l      351.2
21FLSUW SUW275C1 4/8/1993 14:40:00 0.73 mg/l      351.2
21FLSUW SUW275C1 4/8/1993 14:40:00 0.73 mg/l      351.2
21FLSUW SUW275C1 4/8/1993 14:40:00 0.76 mg/l      351.2
21FLSUW SUW275C1 6/3/1993 14:30:00 0.22 mg/l      351.2
21FLSUW SUW275C1 6/3/1993 14:50:00 0.2 mg/l      351.2
21FLSUW SUW275C1 6/3/1993 14:30:00 0.18 mg/l      351.2
21FLSUW SUW275C1 8/5/1993 14:26:00 0.19 mg/l      351.2
21FLSUW SUW275C1 8/5/1993 14:26:00 0.2 mg/l      351.2
21FLSUW SUW275C1 8/5/1993 14:44:00 0.26 mg/l      351.2
21FLSUW SUW275C1 11/11/1993 16:10:00 0.21 mg/l      351.2
21FLSUW SUW275C1 11/11/1993 16:04:00 0.28 mg/l      351.2
21FLSUW SUW275C1 11/11/1993 16:08:00 0.24 mg/l      351.2
21FLSUW SUW275C1 12/9/1993 14:03:00 0.31 mg/l      351.2
21FLSUW SUW275C1 12/9/1993 13:56:00 0.3 mg/l      351.2
21FLSUW SUW275C1 12/9/1993 13:50:00 0.3 mg/l      351.2
21FLSUW SUW275C1 2/10/1994 13:23:00 1.05 mg/l      351.2
21FLSUW SUW275C1 2/10/1994 13:46:00 0.9 mg/l      351.2
21FLSUW SUW275C1 2/10/1994 13:36:00 0.83 mg/l      351.2
21FLSUW SUW275C1 4/7/1994 13:35:00 0.79 mg/l      351.2
21FLSUW SUW275C1 4/7/1994 13:45:00 0.82 mg/l      351.2
21FLSUW SUW275C1 4/7/1994 13:51:00 0.89 mg/l      351.2
21FLSUW SUW275C1 6/7/1994 14:10:00 *Non-detect 351.2 0.1 mg/l      
21FLSUW SUW275C1 6/7/1994 13:48:00 *Non-detect 351.2 0.1 mg/l      
21FLSUW SUW275C1 6/7/1994 14:20:00 0.13 mg/l      351.2
21FLSUW SUW275C1 8/11/1994 11:40:00 0.81 mg/l      351.2
21FLSUW SUW275C1 8/11/1994 11:27:00 0.74 mg/l      351.2
21FLSUW SUW275C1 8/11/1994 11:55:00 0.77 mg/l      351.2
21FLSUW SUW275C1 12/8/1994 14:05:00 5.9 mg/l      351.2
21FLSUW SUW275C1 2/9/1995 15:23:00 0.79 mg/l      351.2
21FLSUW SUW275C1 4/4/1995 11:30:00 0.47 mg/l      351.2
21FLSUW SUW275C1 6/8/1995 13:50:00 0.16 mg/l      351.2
21FLSUW SUW275C1 8/14/1995 13:38:00 0.4 mg/l      351.2
21FLSUW SUW275C1 9/11/1995 15:30:00 0.61 mg/l      351.2
21FLSUW SUW275C1 12/13/1995 11:20:00 0.15 mg/l      351.2
21FLSUW SUW275C1 1/17/1996 11:42:00 0.26 mg/l      351.2
21FLSUW SUW275C1 2/15/1996 12:02:00 0.38 mg/l      351.2
21FLSUW SUW275C1 4/10/1996 11:10:00 0.92 mg/l      351.2
21FLSUW SUW275C1 6/12/1996 11:50:00 0.15 mg/l      351.2
21FLSUW SUW275C1 8/15/1996 11:45:00 0.26 mg/l      351.2
21FLSUW SUW275C1 9/12/1996 11:00:00 0.29 mg/l      351.2
21FLSUW SUW275C1 12/11/1996 11:08:00 0.22 mg/l      351.2
21FLSUW SUW275C1 2/20/1997 11:30:00 0.67 mg/l      351.2
21FLSUW SUW275C1 4/10/1997 10:20:00 0.46 mg/l      351.2
21FLSUW SUW275C1 6/12/1997 10:32:00 0.62 mg/l      351.2
21FLSUW SUW275C1 6/12/1997 10:30:00 0.54 mg/l      351.2
21FLSUW SUW275C1 8/15/1997 10:28:00 0.84 mg/l      351.2



21FLSUW SUW275C1 8/15/1997 10:30:00 0.85 mg/l      351.2
21FLSUW SUW275C1 12/17/1997 12:17:00 0.62 mg/l      351.2
21FLSUW SUW275C1 1/13/1998 9:38:00 0.39 mg/l      351.2
21FLSUW SUW275C1 2/10/1998 9:00:00 0.34 mg/l      351.2
21FLSUW SUW275C1 3/17/1998 10:37:00 0.54 mg/l      351.2
21FLSUW SUW275C1 4/13/1998 10:05:00 0.42 mg/l      351.2
21FLSUW SUW275C1 5/6/1998 9:33:00 0.24 mg/l      351.2
21FLSUW SUW275C1 6/3/1998 9:32:00 0.15 mg/l      351.2
21FLSUW SUW275C1 7/7/1998 9:44:00 0.12 mg/l      351.2
21FLSUW SUW275C1 8/11/1998 9:11:00 0.19 mg/l      351.2
21FLSUW SUW275C1 9/10/1998 10:15:00 0.26 mg/l      351.2
21FLSUW SUW275C1 10/15/1998 9:19:00 1.1 mg/l      351.2
21FLSUW SUW275C1 11/9/1998 9:33:00 0.23 mg/l      351.2
21FLSUW SUW275C1 12/28/1998 9:16:00 0.18 mg/l      351.2
21FLSUW SUW275C1 1/19/1999 9:38:00 0.3 mg/l      351.2
21FLSUW SUW275C1 2/3/1999 10:07:00 0.46 mg/l      351.2
21FLSUW SUW275C1 3/3/1999 9:10:00 0.24 mg/l      351.2
21FLSUW SUW275C1 6/15/1999 9:42:00 0.22 mg/l      351.2
21FLSUW SUW275C1 7/13/1999 10:11:00 0.27 mg/l      351.2
21FLSUW SUW275C1 8/18/1999 9:57:00 0.21 mg/l      351.2
21FLSUW SUW275C1 9/28/1999 10:24:00 0.23 mg/l      351.2
21FLSUW SUW275C1 10/11/1999 10:51:00 0.31 mg/l      351.2
21FLSUW SUW275C1 11/1/1999 9:57:00 0.22 mg/l      351.2
21FLSUW SUW275C1 12/20/1999 11:41:00 0.17 mg/l      351.2
21FLSUW SUW275C1 1/12/2000 14:55:00 0.15 mg/l      351.2
21FLSUW SUW275C1 1/12/2000 14:53:00 0.17 mg/l      351.2
21FLSUW SUW275C1 2/1/2000 8:30:00 0.17 mg/l      351.2
21FLSUW SUW275C1 3/9/2000 9:50:00 0.33 mg/l      351.2
21FLSUW SUW275C1 4/10/2000 10:27:00 0.7 mg/l      351.2
21FLSUW SUW275C1 5/1/2000 9:35:00 0.39 mg/l      351.2
21FLSUW SUW275C1 6/19/2000 14:18:00 0.52 mg/l      351.2
21FLSUW SUW275C1 7/19/2000 10:05:00 0.31 mg/l      351.2
21FLSUW SUW275C1 8/21/2000 9:43:00 0.33 mg/l      351.2
21FLSUW SUW275C1 9/12/2000 9:06:00 0.28 mg/l      351.2
21FLSUW SUW275C1 10/10/2000 14:30:00 0.77 mg/l      351.2
21FLSUW SUW275C1 11/15/2000 9:33:00 0.5 mg/l      351.2
21FLSUW SUW275C1 12/13/2000 14:23:00 0.2 mg/l      351.2
21FLSUW SUW275C1 2/8/2001 15:13:00 0.38 mg/l      351.2
21FLSUW SUW275C1 2/8/2001 15:11:00 0.44 mg/l      351.2
21FLSUW SUW275C1 3/8/2001 10:13:00 0.36 mg/l      351.2
21FLSUW SUW275C1 4/9/2001 14:49:00 0.95 mg/l      351.2
21FLSUW SUW275C1 5/15/2001 9:24:00 0.31 mg/l      351.2
21FLSUW SUW275C1 6/12/2001 11:06:00 0.28 mg/l      351.2
21FLSUW SUW275C1 7/17/2001 10:41:00 0.75 mg/l      351.2
21FLSUW SUW275C1 8/16/2001 10:03:00 0.84 mg/l      351.2
21FLSUW SUW275C1 9/13/2001 10:15:00 0.52 mg/l      351.2
21FLSUW SUW275C1 10/29/2001 14:48:00 0.24 mg/l      351.2
21FLSUW SUW275C1 11/15/2001 9:30:00 0.16 mg/l      351.2
21FLSUW SUW275C1 12/13/2001 9:49:00 0.05 mg/l      351.2
21FLSUW SUW275C1 1/16/2002 12:37:00 *Non-detect 351.2 0.05 mg/l      
21FLSUW SUW275C1 2/11/2002 10:16:00 0.06 mg/l      351.2
21FLSUW SUW275C1 3/11/2002 10:35:00 0.71 mg/l      351.2
21FLSUW SUW275C1 4/8/2002 10:53:00 0.63 mg/l      351.2
21FLSUW SUW275C1 5/14/2002 9:20:00 0.35 mg/l      351.2
21FLSUW SUW275C1 6/11/2002 10:46:00 0.22 mg/l      351.2
21FLSUW SUW275C1 7/15/2002 9:55:00 0.34 mg/l      351.2
21FLSUW SUW275C1 8/15/2002 10:35:00 0.37 mg/l      351.2
21FLSUW SUW275C1 9/12/2002 10:54:00 0.48 mg/l      351.2
21FLSUW SUW275C1 10/23/2002 10:50:00 0.9 mg/l      351.2
21FLSUW SUW275C1 11/18/2002 9:39:00 0.6 mg/l      351.2
21FLSUW SUW275C1 1/14/2003 13:03:00 0.8 mg/l      351.2
21FLSUW SUW275C1 2/10/2003 11:26:00 0.6 mg/l      351.2
21FLSUW SUW275C1 3/10/2003 13:13:00 1.6 mg/l      351.2



21FLSUW SUW275C1 3/10/2003 13:11:00 1.2 mg/l      351.2
21FLSUW SUW275C1 4/14/2003 10:41:00 1.3 mg/l      351.2
21FLSUW SUW275C1 5/15/2003 16:50:00 1 mg/l      351.2
21FLSUW SUW275C1 5/15/2003 16:52:00 0.9 mg/l      351.2
21FLSUW SUW275C1 6/11/2003 10:54:00 0.8 mg/l      351.2
21FLSUW SUW275C1 7/8/2003 13:31:00 1 mg/l      351.2
21FLSUW SUW275C1 8/5/2003 10:38:00 1.25 mg/l      351.2
21FLSUW SUW275C1 9/10/2003 10:14:00 1.15 mg/l      351.2
21FLSUW SUW275C1 9/10/2003 10:16:00 1.34 mg/l      351.2
21FLSUW SUW275C1 10/8/2003 9:53:00 0.74 mg/l      351.2
21FLSUW SUW275C1 11/17/2003 8:39:00 0.7 mg/l      351.2
21FLSUW SUW275C1 12/15/2003 9:26:00 0.66 mg/l      351.2
21FLSUW SUW275C1 1/14/2004 12:01:00 0.47 mg/l      351.2
21FLSUW SUW275C1 2/9/2004 9:08:00 0.52 mg/l      351.2
21FLSUW SUW275C1 3/8/2004 9:01:00 0.83 mg/l      351.2
21FLSUW SUW275C1 4/15/2004 9:22:00 0.67 mg/l      351.2
21FLSUW SUW275C1 5/13/2004 14:14:00 0.3 mg/l      351.2
21FLSUW SUW275C1 6/10/2004 9:13:00 0.72 mg/l      351.2
21FLSUW SUW275C1 7/8/2004 12:00:00 0.76 mg/l      351.2
21FLSUW SUW275C1 8/11/2004 8:50:00 1.03 mg/l      351.2
21FLSUW SUW275C1 9/8/2004 11:07:00 1.44 mg/l      351.2
21FLSUW SUW275C1 10/13/2004 9:53:00 1.49 mg/l      351.2
21FLSUW SUW275C1 11/15/2004 10:09:00 1.2 mg/l      351.2
21FLSUW SUW275C1 12/13/2004 10:03:00 0.96 mg/l      351.2
21FLSUW SUW275C1 1/10/2005 13:54:00 1.69 mg/l      351.2
21FLSUW SUW275C1 2/3/2005 10:12:00 0.68 mg/l      351.2
21FLSUW SUW275C1 3/3/2005 9:40:00 0.58 mg/l      351.2
21FLSUW SUW275C1 4/18/2005 9:20:00 1.06 mg/l      351.2
21FLSUW SUW275C1 5/17/2005 14:55:00 1.06 mg/l      351.2
21FLSUW SUW275C1 6/14/2005 9:30:00 0.64 mg/l      351.2
21FLSUW SUW275C1 7/18/2005 12:12:00 1.04 mg/l      351.2
21FLSUW SUW275C1 8/11/2005 9:58:00 0.89 mg/l      351.2
21FLSUW SUW275C1 9/8/2005 9:40:00 1.21 mg/l      351.2
21FLSUW SUW275C1 10/12/2005 9:50:00 0.34 mg/l      351.2
21FLSUW SUW275C1 11/22/2005 8:56:00 0.724 mg/l      351.2
21FLSUW SUW275C1 12/20/2005 9:56:00 0.515 mg/l      351.2
21FLSUW SUW275C1 1/10/2006 9:48:00 0.98 mg/l      351.2
21FLSUW SUW275C1 2/6/2006 10:10:00 0.85 mg/l      351.2
21FLSUW SUW275C1 3/6/2006 10:23:00 1.11 mg/l      351.2
21FLSUW SUW275C1 4/13/2006 10:19:00 0.5 mg/l      351.2
21FLSUW SUW275C1 5/16/2006 9:13:00 0.52 mg/l      351.2
21FLSUW SUW275C1 6/14/2006 9:24:00 1 mg/l      351.2
21FLSUW SUW275C1 7/12/2006 9:20:00 0.794 mg/l      351.2
21FLSUW SUW275C1 8/14/2006 9:42:00 0.41 mg/l      351.2
21FLSUW SUW275C1 9/11/2006 9:37:00 0.629 mg/l      351.2
21FLSUW SUW275C1 10/5/2006 10:13:00 0.26 mg/l      351.2
21FLSUW SUW275C1 11/13/2006 9:17:00 0.24 mg/l      351.2
21FLSUW SUW275C1 12/11/2006 9:37:00 0.65 mg/l      351.2
21FLSUW SUW275C1 1/11/2007 11:29:00 0.6 mg/l      351.2
21FLSUW SUW275C1 2/6/2007 10:30:00 0.589 mg/l      351.2
21FLSUW SUW275C1 3/6/2007 9:15:00 0.709 mg/l      351.2
21FLSUW SUW275C1 4/18/2007 9:45:00 0.4 mg/l      351.2
21FLSUW SUW275C1 10/17/2007 12:15:00 0.32 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SUW275C1 11/14/2007 17:02:00 0.72 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SUW275C1 12/12/2007 13:52:00 0.17 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SUW275C1 1/15/2008 16:02:00 0.97 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SUW275C1 2/12/2008 14:43:00 0.55 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SUW275C1 3/18/2008 12:21:00 1.05 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SUW275C1 4/17/2008 14:24:00 0.98 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SUW275C1 5/13/2008 14:20:00 0.33 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SUW275C1 6/18/2008 13:00:00 0.3 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SUW275C1 7/23/2008 15:08:00 0.18 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SUW275C1 8/19/2008 15:33:00 0.15 mg/l      351.2 0.08 mg/l      0.1



21FLSUW SUW275C1 9/17/2008 13:33:00 0.86 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SUW275C1 10/1/2008 14:08:00 0.72 mg/l      351.2 0.04 mg/l      0.5
21FLSUW SUW275C1 11/12/2008 11:07:00 0.44 mg/l      351.2 0.07 mg/l      0.5 I
21FLSUW SUW275C1 12/10/2008 13:40:00 0.56 mg/l      351.2 0.07 mg/l      0.5
21FLSUW SUW275C1 1/14/2009 12:29:00 0.46 mg/l      351.2 0.07 mg/l      0.5 I
21FLSUW SUW275C1 2/11/2009 10:32:00 0.33 mg/l      351.2 0.07 mg/l      0.5 I
21FLSUW SUW275C1 3/11/2009 10:28:00 *Non-detect 351.2 0.07 mg/l      0.5 U
21FLSUW SUW275C1 3/11/2009 10:17:00 0.61 mg/l      351.2 0.07 mg/l      0.5
21FLSUW SUW275C1 3/11/2009 10:20:00 0.59 mg/l      351.2 0.07 mg/l      0.5

21FLSUW SUW285C1 10/11/1999 11:14:00 0.32 mg/l      351.2
21FLSUW SUW285C1 10/11/1999 11:16:00 0.32 mg/l      351.2
21FLSUW SUW285C1 11/1/1999 10:29:00 0.42 mg/l      351.2
21FLSUW SUW285C1 12/20/1999 14:05:00 0.5 mg/l      351.2
21FLSUW SUW285C1 1/12/2000 15:17:00 0.16 mg/l      351.2
21FLSUW SUW285C1 2/1/2000 8:52:00 0.16 mg/l      351.2
21FLSUW SUW285C1 3/9/2000 10:21:00 0.43 mg/l      351.2
21FLSUW SUW285C1 3/9/2000 10:19:00 0.31 mg/l      351.2
21FLSUW SUW285C1 4/10/2000 10:53:00 0.62 mg/l      351.2
21FLSUW SUW285C1 5/1/2000 9:57:00 0.36 mg/l      351.2
21FLSUW SUW285C1 6/19/2000 14:32:00 0.59 mg/l      351.2
21FLSUW SUW285C1 7/19/2000 10:21:00 0.33 mg/l      351.2
21FLSUW SUW285C1 8/21/2000 9:59:00 0.37 mg/l      351.2
21FLSUW SUW285C1 9/12/2000 9:21:00 0.29 mg/l      351.2
21FLSUW SUW285C1 9/12/2000 9:23:00 0.23 mg/l      351.2
21FLSUW SUW285C1 10/10/2000 14:57:00 0.83 mg/l      351.2
21FLSUW SUW285C1 10/10/2000 14:55:00 0.75 mg/l      351.2
21FLSUW SUW285C1 11/15/2000 8:55:00 0.48 mg/l      351.2
21FLSUW SUW285C1 12/13/2000 14:51:00 0.22 mg/l      351.2
21FLSUW SUW285C1 12/13/2000 14:53:00 0.31 mg/l      351.2
21FLSUW SUW285C1 2/8/2001 14:41:00 0.49 mg/l      351.2
21FLSUW SUW285C1 3/8/2001 10:34:00 0.27 mg/l      351.2
21FLSUW SUW285C1 4/9/2001 14:22:00 0.88 mg/l      351.2
21FLSUW SUW285C1 5/15/2001 9:48:00 0.4 mg/l      351.2
21FLSUW SUW285C1 6/12/2001 11:33:00 0.63 mg/l      351.2
21FLSUW SUW285C1 6/12/2001 11:31:00 0.46 mg/l      351.2
21FLSUW SUW285C1 7/17/2001 10:18:00 0.81 mg/l      351.2
21FLSUW SUW285C1 8/16/2001 10:29:00 0.83 mg/l      351.2
21FLSUW SUW285C1 9/13/2001 10:31:00 0.83 mg/l      351.2
21FLSUW SUW285C1 10/29/2001 14:19:00 0.21 mg/l      351.2
21FLSUW SUW285C1 11/15/2001 9:48:00 0.17 mg/l      351.2
21FLSUW SUW285C1 12/13/2001 10:50:00 0.1 mg/l      351.2
21FLSUW SUW285C1 1/16/2002 12:59:00 *Non-detect 351.2 0.05 mg/l      
21FLSUW SUW285C1 2/11/2002 10:34:00 *Non-detect 351.2 0.05 mg/l      
21FLSUW SUW285C1 3/11/2002 11:13:00 0.76 mg/l      351.2
21FLSUW SUW285C1 3/11/2002 11:11:00 0.72 mg/l      351.2
21FLSUW SUW285C1 4/8/2002 11:23:00 0.73 mg/l      351.2
21FLSUW SUW285C1 5/14/2002 9:40:00 0.39 mg/l      351.2
21FLSUW SUW285C1 6/11/2002 11:08:00 0.32 mg/l      351.2
21FLSUW SUW285C1 6/11/2002 11:06:00 0.44 mg/l      351.2
21FLSUW SUW285C1 7/15/2002 10:26:00 0.44 mg/l      351.2
21FLSUW SUW285C1 8/15/2002 10:59:00 0.47 mg/l      351.2
21FLSUW SUW285C1 9/12/2002 11:26:00 0.62 mg/l      351.2
21FLSUW SUW285C1 10/23/2002 11:16:00 0.6 mg/l      351.2
21FLSUW SUW285C1 11/18/2002 10:01:00 1.2 mg/l      351.2
21FLSUW SUW285C1 12/16/2002 11:40:00 0.8 mg/l      351.2
21FLSUW SUW285C1 2/10/2003 11:47:00 0.6 mg/l      351.2
21FLSUW SUW285C1 3/10/2003 12:01:00 1.3 mg/l      351.2
21FLSUW SUW285C1 4/14/2003 10:58:00 1.2 mg/l      351.2
21FLSUW SUW285C1 5/15/2003 17:08:00 1 mg/l      351.2
21FLSUW SUW285C1 6/11/2003 11:18:00 0.5 mg/l      351.2
21FLSUW SUW285C1 6/11/2003 11:20:00 0.9 mg/l      351.2
21FLSUW SUW285C1 7/8/2003 13:55:00 1 mg/l      351.2



21FLSUW SUW285C1 8/5/2003 10:58:00 1.13 mg/l      351.2
21FLSUW SUW285C1 9/10/2003 10:39:00 1.09 mg/l      351.2
21FLSUW SUW285C1 10/8/2003 10:20:00 0.8 mg/l      351.2
21FLSUW SUW285C1 11/17/2003 9:00:00 0.77 mg/l      351.2
21FLSUW SUW285C1 12/15/2003 9:50:00 0.56 mg/l      351.2
21FLSUW SUW285C1 1/14/2004 12:24:00 2.22 mg/l      351.2
21FLSUW SUW285C1 2/9/2004 9:33:00 0.56 mg/l      351.2
21FLSUW SUW285C1 3/8/2004 9:22:00 0.76 mg/l      351.2
21FLSUW SUW285C1 4/15/2004 9:42:00 0.79 mg/l      351.2
21FLSUW SUW285C1 5/13/2004 13:24:00 0.19 mg/l      351.2
21FLSUW SUW285C1 5/13/2004 13:22:00 0.33 mg/l      351.2
21FLSUW SUW285C1 6/10/2004 9:35:00 0.51 mg/l      351.2
21FLSUW SUW285C1 6/10/2004 9:33:00 0.54 mg/l      351.2
21FLSUW SUW285C1 7/8/2004 11:37:00 0.64 mg/l      351.2
21FLSUW SUW285C1 8/11/2004 9:11:00 0.67 mg/l      351.2
21FLSUW SUW285C1 9/8/2004 12:06:00 1.63 mg/l      351.2
21FLSUW SUW285C1 9/8/2004 12:08:00 1.62 mg/l      351.2
21FLSUW SUW285C1 10/13/2004 10:26:00 1.47 mg/l      351.2
21FLSUW SUW285C1 10/13/2004 10:28:00 1.29 mg/l      351.2
21FLSUW SUW285C1 11/15/2004 11:00:00 1.34 mg/l      351.2
21FLSUW SUW285C1 12/13/2004 10:32:00 0.8 mg/l      351.2
21FLSUW SUW285C1 1/10/2005 14:16:00 0.98 mg/l      351.2
21FLSUW SUW285C1 2/3/2005 10:40:00 0.77 mg/l      351.2
21FLSUW SUW285C1 3/3/2005 10:26:00 0.36 mg/l      351.2
21FLSUW SUW285C1 4/18/2005 9:50:00 1.48 mg/l      351.2
21FLSUW SUW285C1 5/17/2005 15:15:00 0.75 mg/l      351.2
21FLSUW SUW285C1 6/14/2005 9:52:00 0.7 mg/l      351.2
21FLSUW SUW285C1 7/18/2005 12:33:00 1.25 mg/l      351.2
21FLSUW SUW285C1 8/11/2005 10:21:00 1.41 mg/l      351.2
21FLSUW SUW285C1 9/8/2005 10:06:00 0.683 mg/l      351.2
21FLSUW SUW285C1 10/12/2005 10:13:00 0.48 mg/l      351.2
21FLSUW SUW285C1 10/12/2005 10:11:00 0.39 mg/l      351.2
21FLSUW SUW285C1 11/22/2005 9:20:00 0.8 mg/l      351.2
21FLSUW SUW285C1 11/22/2005 9:22:00 0.788 mg/l      351.2
21FLSUW SUW285C1 12/20/2005 10:21:00 0.596 mg/l      351.2
21FLSUW SUW285C1 1/10/2006 10:18:00 0.93 mg/l      351.2
21FLSUW SUW285C1 2/6/2006 10:39:00 0.34 mg/l      351.2
21FLSUW SUW285C1 3/6/2006 11:20:00 0.77 mg/l      351.2
21FLSUW SUW285C1 4/13/2006 10:44:00 0.61 mg/l      351.2
21FLSUW SUW285C1 5/16/2006 9:33:00 0.53 mg/l      351.2
21FLSUW SUW285C1 5/16/2006 9:35:00 0.59 mg/l      351.2
21FLSUW SUW285C1 6/14/2006 10:06:00 1.06 mg/l      351.2
21FLSUW SUW285C1 6/14/2006 10:08:00 1.16 mg/l      351.2
21FLSUW SUW285C1 7/12/2006 9:46:00 0.663 mg/l      351.2
21FLSUW SUW285C1 8/14/2006 10:07:00 0.31 mg/l      351.2
21FLSUW SUW285C1 9/11/2006 10:15:00 0.726 mg/l      351.2
21FLSUW SUW285C1 9/11/2006 10:13:00 0.677 mg/l      351.2
21FLSUW SUW285C1 10/5/2006 10:48:00 0.28 mg/l      351.2
21FLSUW SUW285C1 11/13/2006 9:48:00 0.7 mg/l      351.2
21FLSUW SUW285C1 12/11/2006 10:03:00 0.49 mg/l      351.2
21FLSUW SUW285C1 1/11/2007 11:58:00 0.86 mg/l      351.2
21FLSUW SUW285C1 2/6/2007 11:00:00 0.756 mg/l      351.2
21FLSUW SUW285C1 3/6/2007 9:46:00 0.92 mg/l      351.2
21FLSUW SUW285C1 4/18/2007 10:13:00 0.48 mg/l      351.2
21FLSUW SUW285C1 10/17/2007 11:50:00 0.32 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SUW285C1 11/14/2007 17:35:00 0.63 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SUW285C1 12/12/2007 13:14:00 0.16 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SUW285C1 1/15/2008 16:20:00 0.34 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SUW285C1 2/12/2008 13:50:00 0.42 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SUW285C1 3/18/2008 12:34:00 1.18 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SUW285C1 4/1/2008 14:29:00 0.95 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SUW285C1 5/13/2008 14:07:00 0.32 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SUW285C1 6/10/2008 13:47:00 0.31 mg/l      351.2 0.08 mg/l      0.1



21FLSUW SUW285C1 7/23/2008 14:41:00 0.18 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SUW285C1 8/20/2008 11:44:00 0.15 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SUW285C1 9/17/2008 12:21:00 0.94 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SUW285C1 10/1/2008 13:45:00 0.6 mg/l      351.2 0.04 mg/l      0.5
21FLSUW SUW285C1 11/12/2008 11:19:00 0.39 mg/l      351.2 0.07 mg/l      0.5 I
21FLSUW SUW285C1 12/10/2008 13:16:00 0.48 mg/l      351.2 0.07 mg/l      0.5 I
21FLSUW SUW285C1 1/14/2009 12:50:00 0.44 mg/l      351.2 0.07 mg/l      0.5 I
21FLSUW SUW285C1 2/11/2009 11:59:00 0.38 mg/l      351.2 0.07 mg/l      0.5 I
21FLSUW SUW285C1 3/11/2009 12:31:00 0.7 mg/l      351.2 0.07 mg/l      0.5

21FLSUW SUW305C1 2/13/1990 11:30:00 1 mg/l      351.2
21FLSUW SUW305C1 3/13/1990 10:30:00 0.83 mg/l      351.2
21FLSUW SUW305C1 4/17/1990 10:15:00 0.3 mg/l      351.2
21FLSUW SUW305C1 5/15/1990 9:45:00 0.28 mg/l      351.2
21FLSUW SUW305C1 6/12/1990 11:55:00 0.49 mg/l      351.2
21FLSUW SUW305C1 7/16/1990 10:00:00 0.63 mg/l      351.2
21FLSUW SUW305C1 8/16/1990 10:32:00 0.65 mg/l      351.2
21FLSUW SUW305C1 9/13/1990 10:52:00 0.51 mg/l      351.2
21FLSUW SUW305C1 10/16/1990 14:25:00 0.42 mg/l      351.2
21FLSUW SUW305C1 11/14/1990 14:45:00 0.38 mg/l      351.2
21FLSUW SUW305C1 12/12/1990 15:15:00 0.38 mg/l      351.2
21FLSUW SUW305C1 1/15/1991 11:50:00 0.79 mg/l      351.2
21FLSUW SUW305C1 2/21/1991 14:00:00 0.96 mg/l      351.2
21FLSUW SUW305C1 3/21/1991 17:00:00 0.5 mg/l      351.2
21FLSUW SUW305C1 4/16/1991 14:10:00 0.59 mg/l      351.2
21FLSUW SUW305C1 5/14/1991 13:55:00 1.1 mg/l      351.2
21FLSUW SUW305C1 6/11/1991 14:45:00 1.3 mg/l      351.2
21FLSUW SUW305C1 7/16/1991 13:10:00 0.48 mg/l      351.2
21FLSUW SUW305C1 8/14/1991 14:30:00 0.9 mg/l      351.2
21FLSUW SUW305C1 9/10/1991 13:35:00 0.59 mg/l      351.2
21FLSUW SUW305C1 10/15/1991 12:00:00 0.18 mg/l      351.2
21FLSUW SUW305C1 11/13/1991 14:50:00 0.12 mg/l      351.2
21FLSUW SUW305C1 12/11/1991 15:20:00 0.14 mg/l      351.2
21FLSUW SUW305C1 1/14/1992 14:38:00 0.22 mg/l      351.2
21FLSUW SUW305C1 2/11/1992 13:15:00 0.55 mg/l      351.2
21FLSUW SUW305C1 3/10/1992 13:13:00 0.69 mg/l      351.2
21FLSUW SUW305C1 4/14/1992 13:00:00 0.49 mg/l      351.2
21FLSUW SUW305C1 5/11/1992 13:30:00 0.43 mg/l      351.2
21FLSUW SUW305C1 6/8/1992 14:20:00 *Non-detect 351.2 0.1 mg/l      
21FLSUW SUW305C1 7/14/1992 15:10:00 0.69 mg/l      351.2
21FLSUW SUW305C1 8/10/1992 13:00:00 0.35 mg/l      351.2
21FLSUW SUW305C1 9/7/1992 12:15:00 0.74 mg/l      351.2
21FLSUW SUW305C1 10/11/1999 11:47:00 0.32 mg/l      351.2
21FLSUW SUW305C1 11/1/1999 11:02:00 0.43 mg/l      351.2
21FLSUW SUW305C1 12/20/1999 13:47:00 0.3 mg/l      351.2
21FLSUW SUW305C1 12/20/1999 13:45:00 0.3 mg/l      351.2
21FLSUW SUW305C1 1/12/2000 15:38:00 0.2 mg/l      351.2
21FLSUW SUW305C1 2/1/2000 9:16:00 0.16 mg/l      351.2
21FLSUW SUW305C1 2/1/2000 9:14:00 0.12 mg/l      351.2
21FLSUW SUW305C1 3/9/2000 10:54:00 0.32 mg/l      351.2
21FLSUW SUW305C1 4/10/2000 11:37:00 0.72 mg/l      351.2
21FLSUW SUW305C1 4/10/2000 11:39:00 0.72 mg/l      351.2
21FLSUW SUW305C1 5/1/2000 10:21:00 0.33 mg/l      351.2
21FLSUW SUW305C1 5/1/2000 10:19:00 0.43 mg/l      351.2
21FLSUW SUW305C1 6/19/2000 15:07:00 0.46 mg/l      351.2
21FLSUW SUW305C1 6/19/2000 15:05:00 0.46 mg/l      351.2
21FLSUW SUW305C1 7/19/2000 10:45:00 0.33 mg/l      351.2
21FLSUW SUW305C1 8/21/2000 10:27:00 0.34 mg/l      351.2
21FLSUW SUW305C1 8/21/2000 10:29:00 0.37 mg/l      351.2
21FLSUW SUW305C1 9/12/2000 9:53:00 0.39 mg/l      351.2
21FLSUW SUW305C1 10/10/2000 15:24:00 0.86 mg/l      351.2
21FLSUW SUW305C1 11/15/2000 8:11:00 0.51 mg/l      351.2
21FLSUW SUW305C1 12/13/2000 15:47:00 0.36 mg/l      351.2



21FLSUW SUW305C1 2/8/2001 14:07:00 0.54 mg/l      351.2
21FLSUW SUW305C1 3/7/2001 11:35:00 0.55 mg/l      351.2
21FLSUW SUW305C1 3/7/2001 11:37:00 0.59 mg/l      351.2
21FLSUW SUW305C1 4/9/2001 13:57:00 0.84 mg/l      351.2
21FLSUW SUW305C1 5/15/2001 10:23:00 0.49 mg/l      351.2
21FLSUW SUW305C1 5/15/2001 10:21:00 0.53 mg/l      351.2
21FLSUW SUW305C1 6/12/2001 12:35:00 0.55 mg/l      351.2
21FLSUW SUW305C1 7/17/2001 10:00:00 0.81 mg/l      351.2
21FLSUW SUW305C1 8/16/2001 10:53:00 0.88 mg/l      351.2
21FLSUW SUW305C1 8/16/2001 10:55:00 0.89 mg/l      351.2
21FLSUW SUW305C1 9/13/2001 11:32:00 0.51 mg/l      351.2
21FLSUW SUW305C1 10/29/2001 12:06:00 0.34 mg/l      351.2
21FLSUW SUW305C1 11/15/2001 10:29:00 0.16 mg/l      351.2
21FLSUW SUW305C1 12/13/2001 11:54:00 0.12 mg/l      351.2
21FLSUW SUW305C1 1/16/2002 13:33:00 *Non-detect 351.2 0.05 mg/l      
21FLSUW SUW305C1 2/11/2002 12:30:00 *Non-detect 351.2 0.05 mg/l      
21FLSUW SUW305C1 3/11/2002 12:03:00 0.8 mg/l      351.2
21FLSUW SUW305C1 4/8/2002 12:52:00 0.78 mg/l      351.2
21FLSUW SUW305C1 5/14/2002 10:11:00 0.42 mg/l      351.2
21FLSUW SUW305C1 6/11/2002 12:45:00 0.45 mg/l      351.2
21FLSUW SUW305C1 7/15/2002 10:44:00 0.47 mg/l      351.2
21FLSUW SUW305C1 8/15/2002 12:09:00 0.5 mg/l      351.2
21FLSUW SUW305C1 8/15/2002 12:11:00 0.48 mg/l      351.2
21FLSUW SUW305C1 9/12/2002 12:40:00 0.67 mg/l      351.2
21FLSUW SUW305C1 9/12/2002 12:38:00 0.66 mg/l      351.2
21FLSUW SUW305C1 10/23/2002 12:17:00 0.8 mg/l      351.2
21FLSUW SUW305C1 11/18/2002 10:39:00 0.7 mg/l      351.2
21FLSUW SUW305C1 12/16/2002 13:15:00 0.8 mg/l      351.2
21FLSUW SUW305C1 1/14/2003 13:42:00 1.2 mg/l      351.2
21FLSUW SUW305C1 2/10/2003 13:05:00 0.7 mg/l      351.2
21FLSUW SUW305C1 3/10/2003 10:23:00 1.3 mg/l      351.2
21FLSUW SUW305C1 4/14/2003 11:52:00 1.2 mg/l      351.2
21FLSUW SUW305C1 5/15/2003 17:20:00 0.9 mg/l      351.2
21FLSUW SUW305C1 6/11/2003 13:25:00 0.8 mg/l      351.2
21FLSUW SUW305C1 7/8/2003 14:37:00 1 mg/l      351.2
21FLSUW SUW305C1 8/5/2003 12:33:00 1.09 mg/l      351.2
21FLSUW SUW305C1 9/10/2003 11:03:00 1.17 mg/l      351.2
21FLSUW SUW305C1 10/8/2003 11:26:00 0.75 mg/l      351.2
21FLSUW SUW305C1 11/17/2003 9:29:00 0.92 mg/l      351.2
21FLSUW SUW305C1 12/15/2003 12:05:00 0.62 mg/l      351.2
21FLSUW SUW305C1 1/14/2004 12:48:00 0.4 mg/l      351.2
21FLSUW SUW305C1 2/9/2004 12:39:00 0.58 mg/l      351.2
21FLSUW SUW305C1 3/8/2004 10:31:00 0.92 mg/l      351.2
21FLSUW SUW305C1 4/15/2004 11:03:00 0.38 mg/l      351.2
21FLSUW SUW305C1 5/13/2004 12:54:00 0.4 mg/l      351.2
21FLSUW SUW305C1 6/10/2004 11:10:00 0.52 mg/l      351.2
21FLSUW SUW305C1 7/8/2004 12:29:00 0.96 mg/l      351.2
21FLSUW SUW305C1 8/11/2004 10:27:00 0.53 mg/l      351.2
21FLSUW SUW305C1 8/11/2004 10:29:00 0.6 mg/l      351.2
21FLSUW SUW305C1 9/8/2004 13:15:00 1.37 mg/l      351.2
21FLSUW SUW305C1 10/13/2004 11:35:00 1.48 mg/l      351.2
21FLSUW SUW305C1 11/15/2004 12:07:00 1.25 mg/l      351.2
21FLSUW SUW305C1 11/15/2004 12:05:00 1.08 mg/l      351.2
21FLSUW SUW305C1 12/13/2004 12:26:00 0.96 mg/l      351.2
21FLSUW SUW305C1 1/10/2005 14:41:00 1.56 mg/l      351.2
21FLSUW SUW305C1 2/3/2005 12:12:00 0.75 mg/l      351.2
21FLSUW SUW305C1 2/3/2005 12:10:00 0.77 mg/l      351.2
21FLSUW SUW305C1 3/3/2005 11:59:00 0.46 mg/l      351.2
21FLSUW SUW305C1 4/18/2005 8:45:00 1.17 mg/l      351.2
21FLSUW SUW305C1 5/17/2005 15:45:00 0.92 mg/l      351.2
21FLSUW SUW305C1 6/14/2005 11:38:00 0.45 mg/l      351.2
21FLSUW SUW305C1 7/18/2005 12:59:00 0.95 mg/l      351.2
21FLSUW SUW305C1 7/18/2005 12:57:00 1.06 mg/l      351.2



21FLSUW SUW305C1 8/11/2005 11:38:00 1.2 mg/l      351.2
21FLSUW SUW305C1 9/8/2005 11:55:00 0.745 mg/l      351.2
21FLSUW SUW305C1 9/8/2005 11:53:00 0.819 mg/l      351.2
21FLSUW SUW305C1 10/12/2005 11:18:00 0.45 mg/l      351.2
21FLSUW SUW305C1 11/22/2005 10:03:00 0.912 mg/l      351.2
21FLSUW SUW305C1 12/20/2005 14:34:00 0.684 mg/l      351.2
21FLSUW SUW305C1 1/10/2006 10:48:00 0.77 mg/l      351.2
21FLSUW SUW305C1 2/6/2006 12:06:00 0.54 mg/l      351.2
21FLSUW SUW305C1 3/6/2006 12:57:00 0.85 mg/l      351.2
21FLSUW SUW305C1 4/13/2006 11:52:00 0.51 mg/l      351.2
21FLSUW SUW305C1 5/16/2006 10:05:00 0.43 mg/l      351.2
21FLSUW SUW305C1 6/14/2006 12:24:00 0.89 mg/l      351.2
21FLSUW SUW305C1 7/12/2006 10:11:00 0.2 mg/l      351.2
21FLSUW SUW305C1 7/12/2006 10:13:00 0.2 mg/l      351.2
21FLSUW SUW305C1 8/14/2006 11:37:00 0.28 mg/l      351.2
21FLSUW SUW305C1 9/11/2006 11:39:00 0.52 mg/l      351.2
21FLSUW SUW305C1 10/5/2006 11:58:00 0.37 mg/l      351.2
21FLSUW SUW305C1 11/13/2006 10:32:00 0.47 mg/l      351.2
21FLSUW SUW305C1 11/13/2006 10:34:00 0.72 mg/l      351.2
21FLSUW SUW305C1 12/11/2006 12:23:00 0.92 mg/l      351.2
21FLSUW SUW305C1 1/11/2007 12:23:00 0.57 mg/l      351.2
21FLSUW SUW305C1 2/6/2007 12:43:00 *Non-detect 351.2 0.169 mg/l      
21FLSUW SUW305C1 2/6/2007 12:41:00 0.709 mg/l      351.2
21FLSUW SUW305C1 3/6/2007 11:19:00 0.86 mg/l      351.2
21FLSUW SUW305C1 4/18/2007 11:20:00 0.584 mg/l      351.2
21FLSUW SUW305C1 10/17/2007 11:20:00 0.42 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SUW305C1 11/14/2007 16:08:00 0.67 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SUW305C1 12/12/2007 12:14:00 0.17 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SUW305C1 1/15/2008 16:32:00 0.23 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SUW305C1 2/12/2008 13:05:00 0.58 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SUW305C1 3/18/2008 13:59:00 1 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SUW305C1 4/1/2008 14:09:00 *Non-detect 351.2 0.08 mg/l      0.1 U
21FLSUW SUW305C1 4/1/2008 13:59:00 0.88 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SUW305C1 4/1/2008 14:02:00 0.92 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SUW305C1 5/13/2008 13:31:00 0.3 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SUW305C1 6/10/2008 12:11:00 0.54 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SUW305C1 7/23/2008 14:20:00 0.18 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SUW305C1 7/23/2008 14:16:00 0.16 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SUW305C1 8/20/2008 10:59:00 0.14 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SUW305C1 9/17/2008 11:15:00 *Non-detect 351.2 0.08 mg/l      0.1 U
21FLSUW SUW305C1 9/17/2008 11:09:00 0.9 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SUW305C1 9/17/2008 11:06:00 0.84 mg/l      351.2 0.08 mg/l      0.1
21FLSUW SUW305C1 10/1/2008 11:13:00 0.53 mg/l      351.2 0.04 mg/l      0.5 V
21FLSUW SUW305C1 12/10/2008 12:09:00 0.51 mg/l      351.2 0.07 mg/l      0.5
21FLSUW SUW305C1 1/14/2009 13:03:00 0.4 mg/l      351.2 0.07 mg/l      0.5 I
21FLSUW SUW305C1 2/11/2009 13:32:00 0.42 mg/l      351.2 0.07 mg/l      0.5 I
21FLSUW SUW305C1 3/11/2009 11:19:00 0.59 mg/l      351.2 0.07 mg/l      0.5

21FLSUW SUW410C1 5/15/1990 10:40:00 0.16 mg/l      351.2
21FLSUW SUW410C1 6/12/1990 12:30:00 0.28 mg/l      351.2
21FLSUW SUW410C1 7/16/1990 10:40:00 0.35 mg/l      351.2
21FLSUW SUW410C1 8/16/1990 11:20:00 0.62 mg/l      351.2
21FLSUW SUW410C1 9/13/1990 11:20:00 0.63 mg/l      351.2
21FLSUW SUW410C1 10/16/1990 15:10:00 0.46 mg/l      351.2
21FLSUW SUW410C1 11/14/1990 15:20:00 *Non-detect 351.2 0.1 mg/l      
21FLSUW SUW410C1 12/12/1990 15:45:00 0.35 mg/l      351.2
21FLSUW SUW410C1 1/15/1991 12:25:00 0.65 mg/l      351.2
21FLSUW SUW410C1 2/21/1991 13:15:00 1 mg/l      351.2
21FLSUW SUW410C1 3/21/1991 16:30:00 0.92 mg/l      351.2
21FLSUW SUW410C1 4/16/1991 13:40:00 0.55 mg/l      351.2
21FLSUW SUW410C1 5/14/1991 13:25:00 0.97 mg/l      351.2
21FLSUW SUW410C1 6/11/1991 15:20:00 0.93 mg/l      351.2
21FLSUW SUW410C1 7/16/1991 14:10:00 0.49 mg/l      351.2



21FLSUW SUW410C1 8/14/1991 15:10:00 0.86 mg/l      351.2
21FLSUW SUW410C1 9/10/1991 13:10:00 0.84 mg/l      351.2
21FLSUW SUW410C1 10/15/1991 12:50:00 0.21 mg/l      351.2
21FLSUW SUW410C1 11/13/1991 14:30:00 0.15 mg/l      351.2
21FLSUW SUW410C1 12/11/1991 14:45:00 *Non-detect 351.2 0.1 mg/l      
21FLSUW SUW410C1 1/14/1992 14:10:00 0.19 mg/l      351.2
21FLSUW SUW410C1 2/11/1992 12:35:00 0.63 mg/l      351.2
21FLSUW SUW410C1 3/10/1992 13:13:00 0.69 mg/l      351.2
21FLSUW SUW410C1 4/14/1992 12:30:00 0.52 mg/l      351.2
21FLSUW SUW410C1 5/11/1992 13:00:00 0.43 mg/l      351.2
21FLSUW SUW410C1 6/8/1992 13:00:00 0.11 mg/l      351.2
21FLSUW SUW410C1 7/14/1992 14:36:00 0.64 mg/l      351.2
21FLSUW SUW410C1 8/10/1992 12:30:00 0.36 mg/l      351.2
21FLSUW SUW410C1 9/7/1992 11:45:00 0.71 mg/l      351.2

Note:
Analytical Procedure - The abbreviated name or identifying code of the analytical procedure.
MDL - MINIMUM DETECTION LIMIT - Refers to the least amount of the target substance that could be detected 
by the instrument or analytical process that was used to determine the result. Above this value, the target substance is presumed to be present.
VQ - VALUE QUALIFIER - A code describing specific quality assurance conditions as reported by the data provider. 
Where applicable, following definitions apply. 
I - The reported value is between the laboratory method detection limit and the laboratory practical quantitation limit.
U - Indicates that the compound was analyzed for but not detected. This symbol shall be used to indicate that the specified component 
was not detected. The value associated with the qualifier shall be the laboratory method detection limit. Unless requested by the client, 
less than the method detection limit values shall not be reported.
V - Indicates that the analyte was detected in both the sample and the associated method blank. 



Nitrite + Nitrate
Source: Florida Department of Environmental Protection, 2009

Org ID Station ID Date Time Value Units Analytical MDL MDL Units PQL VQ
Procedure

21FLSUW SRE060C1 10/3/1995 14:26:00 0.57 mg/l      353.2
21FLSUW SRE060C1 11/16/1995 15:53:00 0.76 mg/l      353.2
21FLSUW SRE060C1 11/16/1995 15:55:00 0.68 mg/l      353.2
21FLSUW SRE060C1 12/6/1995 12:15:00 0.87 mg/l      353.2
21FLSUW SRE060C1 1/10/1996 12:20:00 0.77 mg/l      353.2
21FLSUW SRE060C1 1/10/1996 12:18:00 0.76 mg/l      353.2
21FLSUW SRE060C1 2/7/1996 11:48:00 0.75 mg/l      353.2
21FLSUW SRE060C1 2/7/1996 11:46:00 0.76 mg/l      353.2
21FLSUW SRE060C1 3/6/1996 11:23:00 0.65 mg/l      353.2
21FLSUW SRE060C1 4/3/1996 11:35:00 0.16 mg/l      353.2
21FLSUW SRE060C1 5/16/1996 12:16:00 0.03 mg/l      353.2
21FLSUW SRE060C1 5/16/1996 12:13:00 0.04 mg/l      353.2
21FLSUW SRE060C1 6/13/1996 12:20:00 0.61 mg/l      353.2
21FLSUW SRE060C1 6/13/1996 12:15:00 0.55 mg/l      353.2
21FLSUW SRE060C1 7/18/1996 10:31:00 0.75 mg/l      353.2
21FLSUW SRE060C1 8/22/1996 11:06:00 0.66 mg/l      353.2
21FLSUW SRE060C1 8/22/1996 11:11:00 0.61 mg/l      353.2
21FLSUW SRE060C1 9/19/1996 11:08:00 0.79 mg/l      353.2
21FLSUW SRE060C1 10/11/1996 11:14:00 0.7 mg/l      353.2
21FLSUW SRE060C1 11/6/1996 11:50:00 0.66 mg/l      353.2
21FLSUW SRE060C1 11/6/1996 11:52:00 0.68 mg/l      353.2
21FLSUW SRE060C1 11/6/1996 11:54:00 0.66 mg/l      353.2
21FLSUW SRE060C1 12/4/1996 11:34:00 0.95 mg/l      353.2
21FLSUW SRE060C1 1/23/1997 11:00:00 0.34 mg/l      353.2
21FLSUW SRE060C1 3/12/1997 11:03:00 0.11 mg/l      353.2
21FLSUW SRE060C1 4/3/1997 12:36:00 0.5 mg/l      353.2
21FLSUW SRE060C1 5/7/1997 11:38:00 0.32 mg/l      353.2
21FLSUW SRE060C1 6/4/1997 11:26:00 0.78 mg/l      353.2
21FLSUW SRE060C1 7/14/1997 12:11:00 0.49 mg/l      353.2
21FLSUW SRE060C1 8/7/1997 10:43:00 0.5 mg/l      353.2
21FLSUW SRE060C1 9/9/1997 11:49:00 0.88 mg/l      353.2
21FLSUW SRE060C1 10/2/1997 11:56:00 0.92 mg/l      353.2
21FLSUW SRE060C1 11/11/1997 13:22:00 0.17 mg/l      353.2
21FLSUW SRE060C1 11/11/1997 13:20:00 0.18 mg/l      353.2
21FLSUW SRE060C1 12/9/1997 12:06:00 0.22 mg/l      353.2
21FLSUW SRE060C1 1/13/1998 14:14:00 0.16 mg/l      353.2
21FLSUW SRE060C1 2/10/1998 14:06:00 0.14 mg/l      353.2
21FLSUW SRE060C1 3/17/1998 14:39:00 0.11 mg/l      353.2
21FLSUW SRE060C1 3/17/1998 14:37:00 0.12 mg/l      353.2
21FLSUW SRE060C1 4/13/1998 14:58:00 0.38 mg/l      353.2
21FLSUW SRE060C1 5/6/1998 13:52:00 0.82 mg/l      353.2
21FLSUW SRE060C1 6/3/1998 14:06:00 1.16 mg/l      353.2
21FLSUW SRE060C1 7/7/1998 14:03:00 0.65 mg/l      353.2
21FLSUW SRE060C1 7/7/1998 14:00:00 0.54 mg/l      353.2
21FLSUW SRE060C1 8/11/1998 13:43:00 1.08 mg/l      353.2
21FLSUW SRE060C1 9/10/1998 12:39:00 0.95 mg/l      353.2
21FLSUW SRE060C1 10/15/1998 13:21:00 0.14 mg/l      353.2
21FLSUW SRE060C1 11/5/1998 12:30:00 1.02 mg/l      353.2
21FLSUW SRE060C1 12/28/1998 14:22:00 1.27 mg/l      353.2
21FLSUW SRE060C1 1/19/1999 12:15:00 1.01 mg/l      353.2
21FLSUW SRE060C1 2/3/1999 12:51:00 0.58 mg/l      353.2
21FLSUW SRE060C1 3/3/1999 13:21:00 0.77 mg/l      353.2
21FLSUW SRE060C1 6/15/1999 14:06:00 0.44 mg/l      353.2
21FLSUW SRE060C1 6/15/1999 13:58:00 0.56 mg/l      353.2
21FLSUW SRE060C1 7/13/1999 13:22:00 0.24 mg/l      353.2
21FLSUW SRE060C1 7/13/1999 13:35:00 0.19 mg/l      353.2



21FLSUW SRE060C1 9/28/1999 13:54:00 0.8 mg/l      353.2
21FLSUW SRE060C1 9/28/1999 13:58:00 0.79 mg/l      353.2
21FLSUW SRE060C1 9/28/1999 13:56:00 0.77 mg/l      353.2

21FLSUW SRE080C1 10/3/1995 17:25:00 0.22 mg/l      353.2
21FLSUW SRE080C1 11/16/1995 15:31:00 0.15 mg/l      353.2
21FLSUW SRE080C1 12/6/1995 13:12:00 0.36 mg/l      353.2
21FLSUW SRE080C1 12/6/1995 13:08:00 0.18 mg/l      353.2
21FLSUW SRE080C1 1/10/1996 13:36:00 0.41 mg/l      353.2
21FLSUW SRE080C1 2/7/1996 12:48:00 0.19 mg/l      353.2
21FLSUW SRE080C1 3/6/1996 12:18:00 0.37 mg/l      353.2
21FLSUW SRE080C1 3/6/1996 12:16:00 0.3 mg/l      353.2
21FLSUW SRE080C1 4/3/1996 12:38:00 0.05 mg/l      353.2
21FLSUW SRE080C1 4/3/1996 12:34:00 0.14 mg/l      353.2
21FLSUW SRE080C1 5/16/1996 13:27:00 0.03 mg/l      353.2
21FLSUW SRE080C1 6/13/1996 13:30:00 0.26 mg/l      353.2
21FLSUW SRE080C1 6/13/1996 13:34:00 0.23 mg/l      353.2
21FLSUW SRE080C1 7/18/1996 11:37:00 0.52 mg/l      353.2
21FLSUW SRE080C1 7/18/1996 11:40:00 0.64 mg/l      353.2
21FLSUW SRE080C1 8/22/1996 12:06:00 0.26 mg/l      353.2
21FLSUW SRE080C1 9/19/1996 11:58:00 0.48 mg/l      353.2
21FLSUW SRE080C1 10/11/1996 12:11:00 0.48 mg/l      353.2
21FLSUW SRE080C1 11/6/1996 12:59:00 0.14 mg/l      353.2
21FLSUW SRE080C1 11/6/1996 13:00:00 0.28 mg/l      353.2
21FLSUW SRE080C1 12/4/1996 12:26:00 0.45 mg/l      353.2
21FLSUW SRE080C1 1/23/1997 12:10:00 0.16 mg/l      353.2
21FLSUW SRE080C1 2/12/1997 12:37:00 0.3 mg/l      353.2
21FLSUW SRE080C1 2/12/1997 12:39:00 0.3 mg/l      353.2
21FLSUW SRE080C1 3/12/1997 11:31:00 0.08 mg/l      353.2
21FLSUW SRE080C1 4/3/1997 13:49:00 0.3 mg/l      353.2
21FLSUW SRE080C1 4/3/1997 13:52:00 0.2 mg/l      353.2
21FLSUW SRE080C1 5/7/1997 12:41:00 0.1 mg/l      353.2
21FLSUW SRE080C1 5/7/1997 12:43:00 0.04 mg/l      353.2
21FLSUW SRE080C1 5/7/1997 12:45:00 0.04 mg/l      353.2
21FLSUW SRE080C1 6/4/1997 12:30:00 0.1 mg/l      353.2
21FLSUW SRE080C1 7/14/1997 13:26:00 0.02 mg/l      353.2
21FLSUW SRE080C1 7/14/1997 13:22:00 0.1 mg/l      353.2
21FLSUW SRE080C1 8/7/1997 11:46:00 0.5 mg/l      353.2
21FLSUW SRE080C1 9/9/1997 13:04:00 0.51 mg/l      353.2
21FLSUW SRE080C1 10/2/1997 11:34:00 0.54 mg/l      353.2
21FLSUW SRE080C1 11/11/1997 14:50:00 0.17 mg/l      353.2
21FLSUW SRE080C1 11/11/1997 14:47:00 0.13 mg/l      353.2
21FLSUW SRE080C1 12/9/1997 14:39:00 0.19 mg/l      353.2
21FLSUW SRE080C1 1/13/1998 13:28:00 0.14 mg/l      353.2
21FLSUW SRE080C1 1/13/1998 13:26:00 0.15 mg/l      353.2
21FLSUW SRE080C1 2/10/1998 13:34:00 0.14 mg/l      353.2
21FLSUW SRE080C1 3/17/1998 15:48:00 0.11 mg/l      353.2
21FLSUW SRE080C1 3/17/1998 15:52:00 0.11 mg/l      353.2
21FLSUW SRE080C1 4/13/1998 16:08:00 0.35 mg/l      353.2
21FLSUW SRE080C1 4/13/1998 16:10:00 0.36 mg/l      353.2
21FLSUW SRE080C1 5/6/1998 14:19:00 0.74 mg/l      353.2
21FLSUW SRE080C1 6/3/1998 15:06:00 0.2 mg/l      353.2
21FLSUW SRE080C1 7/7/1998 15:21:00 0.51 mg/l      353.2
21FLSUW SRE080C1 7/7/1998 15:19:00 0.54 mg/l      353.2
21FLSUW SRE080C1 8/11/1998 13:15:00 0.73 mg/l      353.2
21FLSUW SRE080C1 9/10/1998 13:39:00 0.8 mg/l      353.2
21FLSUW SRE080C1 10/15/1998 14:28:00 0.12 mg/l      353.2
21FLSUW SRE080C1 10/15/1998 14:27:00 0.16 mg/l      353.2
21FLSUW SRE080C1 11/9/1998 13:34:00 0.84 mg/l      353.2
21FLSUW SRE080C1 11/9/1998 13:32:00 0.86 mg/l      353.2
21FLSUW SRE080C1 12/28/1998 13:42:00 0.89 mg/l      353.2
21FLSUW SRE080C1 12/28/1998 13:44:00 0.61 mg/l      353.2
21FLSUW SRE080C1 1/19/1999 12:44:00 0.82 mg/l      353.2



21FLSUW SRE080C1 2/3/1999 13:46:00 0.57 mg/l      353.2
21FLSUW SRE080C1 3/3/1999 14:47:00 0.67 mg/l      353.2
21FLSUW SRE080C1 3/3/1999 14:43:00 0.48 mg/l      353.2
21FLSUW SRE080C1 6/15/1999 15:18:00 0.09 mg/l      353.2
21FLSUW SRE080C1 7/13/1999 14:47:00 0.07 mg/l      353.2
21FLSUW SRE080C1 7/13/1999 14:57:00 0.04 mg/l      353.2
21FLSUW SRE080C1 8/18/1999 13:54:00 0.37 mg/l      353.2
21FLSUW SRE080C1 9/28/1999 15:24:00 0.27 mg/l      353.2
21FLSUW SRE080C1 9/28/1999 15:22:00 0.28 mg/l      353.2
21FLSUW SRE080C1 10/29/2001 11:35:00 0.06 mg/l      353.2
21FLSUW SRE080C1 12/13/2001 14:50:00 0.27 mg/l      353.2
21FLSUW SRE080C1 12/13/2001 15:01:00 0.41 mg/l      353.2
21FLSUW SRE080C1 2/11/2002 14:18:00 0.14 mg/l      353.2
21FLSUW SRE080C1 4/8/2002 15:25:00 0.27 mg/l      353.2
21FLSUW SRE080C1 4/8/2002 15:23:00 0.28 mg/l      353.2
21FLSUW SRE080C1 6/11/2002 15:20:00 0.03 mg/l      353.2
21FLSUW SRE080C1 6/11/2002 15:07:00 0.03 mg/l      353.2
21FLSUW SRE080C1 8/15/2002 14:22:00 0.21 mg/l      353.2
21FLSUW SRE080C1 10/23/2002 14:01:00 0.18 mg/l      353.2
21FLSUW SRE080C1 12/16/2002 16:11:00 0.37 mg/l      353.2
21FLSUW SRE080C1 2/10/2003 15:03:00 0.39 mg/l      353.2
21FLSUW SRE080C1 2/10/2003 14:53:00 0.64 mg/l      353.2
21FLSUW SRE080C1 4/14/2003 13:29:00 0.21 mg/l      353.2
21FLSUW SRE080C1 4/14/2003 13:27:00 0.21 mg/l      353.2
21FLSUW SRE080C1 4/14/2003 13:34:00 0.03 mg/l      353.2
21FLSUW SRE080C1 6/11/2003 15:58:00 0.92 mg/l      353.2
21FLSUW SRE080C1 8/5/2003 14:49:00 0.39 mg/l      353.2
21FLSUW SRE080C1 10/8/2003 13:17:00 0.9 mg/l      353.2
21FLSUW SRE080C1 10/8/2003 13:25:00 0.46 mg/l      353.2
21FLSUW SRE080C1 12/15/2003 13:56:00 0.71 mg/l      353.2
21FLSUW SRE080C1 2/9/2004 12:15:00 0.43 mg/l      353.2
21FLSUW SRE080C1 4/15/2004 12:46:00 0.44 mg/l      353.2
21FLSUW SRE080C1 6/10/2004 13:07:00 0.3 mg/l      353.2
21FLSUW SRE080C1 6/10/2004 13:12:00 0.3 mg/l      353.2
21FLSUW SRE080C1 8/11/2004 11:48:00 0.38 mg/l      353.2
21FLSUW SRE080C1 8/11/2004 11:40:00 0.48 mg/l      353.2
21FLSUW SRE080C1 10/13/2004 12:52:00 0.01 mg/l      353.2
21FLSUW SRE080C1 12/13/2004 14:48:00 0.64 mg/l      353.2
21FLSUW SRE080C1 2/3/2005 13:59:00 0.61 mg/l      353.2
21FLSUW SRE080C1 2/3/2005 13:47:00 0.6 mg/l      353.2
21FLSUW SRE080C1 4/18/2005 12:42:00 0.02 mg/l      353.2
21FLSUW SRE080C1 4/18/2005 12:40:00 0.02 mg/l      353.2
21FLSUW SRE080C1 6/14/2005 14:35:00 0.36 mg/l      353.2
21FLSUW SRE080C1 6/14/2005 14:28:00 0.56 mg/l      353.2
21FLSUW SRE080C1 6/14/2005 14:37:00 0.36 mg/l      353.2
21FLSUW SRE080C1 8/11/2005 13:18:00 0.37 mg/l      353.2
21FLSUW SRE080C1 10/12/2005 13:16:00 0.0586 mg/l      353.2
21FLSUW SRE080C1 10/12/2005 13:03:00 0.146 mg/l      353.2
21FLSUW SRE080C1 12/20/2005 14:04:00 0.755 mg/l      353.2
21FLSUW SRE080C1 2/6/2006 14:00:00 0.6 mg/l      353.2
21FLSUW SRE080C1 4/13/2006 13:28:00 0.35 mg/l      353.2
21FLSUW SRE080C1 4/13/2006 13:42:00 0.26 mg/l      353.2
21FLSUW SRE080C1 6/14/2006 15:05:00 0.14 mg/l      353.2
21FLSUW SRE080C1 8/14/2006 13:31:00 0.267 mg/l      353.2
21FLSUW SRE080C1 10/5/2006 13:40:00 *Non-detect 353.2 0 mg/l      
21FLSUW SRE080C1 10/5/2006 13:28:00 *Non-detect 353.2
21FLSUW SRE080C1 12/11/2006 14:51:00 0.33 mg/l      353.2
21FLSUW SRE080C1 2/6/2007 14:37:00 0.517 mg/l      353.2
21FLSUW SRE080C1 4/18/2007 13:03:00 *Non-detect 353.2 0.0067 mg/l      
21FLSUW SRE080C1 10/31/2007 10:06:00 0.474 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SRE080C1 10/31/2007 10:14:00 0.283 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SRE080C1 12/27/2007 14:51:00 0.432 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SRE080C1 2/19/2008 10:51:00 0.497 mg/l      353.2 3.00E-03 mg/l      4.00E-03



21FLSUW SRE080C1 8/20/2008 10:05:00 0.273 mg/l      353.2 3.00E-03 mg/l      4.00E-03

21FLSUW SUW275C1 2/13/1990 12:10:00 0.33 mg/l      353.2
21FLSUW SUW275C1 2/13/1990 12:10:00 0.05 mg/l      
21FLSUW SUW275C1 3/13/1990 10:55:00 0.26 mg/l      353.2
21FLSUW SUW275C1 3/13/1990 10:55:00 0.05 mg/l      
21FLSUW SUW275C1 4/17/1990 11:00:00 0.59 mg/l      353.2
21FLSUW SUW275C1 4/17/1990 11:00:00 0.05 mg/l      
21FLSUW SUW275C1 5/15/1990 13:07:00 0.86 mg/l      353.2
21FLSUW SUW275C1 5/15/1990 13:07:00 0.05 mg/l      
21FLSUW SUW275C1 6/12/1990 13:00:00 0.53 mg/l      353.2
21FLSUW SUW275C1 6/12/1990 13:00:00 0.05 mg/l      
21FLSUW SUW275C1 7/16/1990 11:10:00 0.43 mg/l      353.2
21FLSUW SUW275C1 7/16/1990 11:10:00 0.05 mg/l      
21FLSUW SUW275C1 8/16/1990 11:50:00 0.46 mg/l      353.2
21FLSUW SUW275C1 8/16/1990 11:50:00 0.05 mg/l      
21FLSUW SUW275C1 9/13/1990 11:55:00 0.34 mg/l      353.2
21FLSUW SUW275C1 9/13/1990 11:55:00 0.05 mg/l      
21FLSUW SUW275C1 10/16/1990 15:40:00 0.49 mg/l      353.2
21FLSUW SUW275C1 10/16/1990 15:40:00 0.05 mg/l      
21FLSUW SUW275C1 11/14/1990 12:05:00 0.64 mg/l      353.2
21FLSUW SUW275C1 11/14/1990 12:05:00 0.05 mg/l      
21FLSUW SUW275C1 12/12/1990 16:15:00 0.59 mg/l      353.2
21FLSUW SUW275C1 12/12/1990 16:15:00 0.05 mg/l      
21FLSUW SUW275C1 1/15/1991 13:05:00 0.81 mg/l      353.2
21FLSUW SUW275C1 1/15/1991 13:05:00 0.05 mg/l      
21FLSUW SUW275C1 2/21/1991 12:15:00 0.12 mg/l      353.2
21FLSUW SUW275C1 2/21/1991 12:15:00 0.05 mg/l      
21FLSUW SUW275C1 3/21/1991 15:45:00 *Non-detect 353.2 0.05 mg/l      
21FLSUW SUW275C1 3/21/1991 15:45:00 0.05 mg/l      
21FLSUW SUW275C1 4/16/1991 13:00:00 0.32 mg/l      353.2
21FLSUW SUW275C1 4/16/1991 13:00:00 0.05 mg/l      
21FLSUW SUW275C1 5/14/1991 15:30:00 0.4 mg/l      353.2
21FLSUW SUW275C1 5/14/1991 15:30:00 0.05 mg/l      
21FLSUW SUW275C1 6/11/1991 13:19:00 0.45 mg/l      353.2
21FLSUW SUW275C1 6/11/1991 13:19:00 0.05 mg/l      
21FLSUW SUW275C1 7/16/1991 12:40:00 0.33 mg/l      353.2
21FLSUW SUW275C1 7/16/1991 12:40:00 0.05 mg/l      
21FLSUW SUW275C1 8/14/1991 12:50:00 0.14 mg/l      353.2
21FLSUW SUW275C1 8/14/1991 12:50:00 0.05 mg/l      
21FLSUW SUW275C1 9/10/1991 12:20:00 0.5 mg/l      353.2
21FLSUW SUW275C1 9/10/1991 12:20:00 0.05 mg/l      
21FLSUW SUW275C1 10/15/1991 11:00:00 0.81 mg/l      353.2
21FLSUW SUW275C1 11/13/1991 13:50:00 1.04 mg/l      353.2
21FLSUW SUW275C1 12/11/1991 13:45:00 0.99 mg/l      353.2
21FLSUW SUW275C1 1/14/1992 13:40:00 0.94 mg/l      353.2
21FLSUW SUW275C1 2/11/1992 12:05:00 0.18 mg/l      353.2
21FLSUW SUW275C1 3/10/1992 13:13:00 0.12 mg/l      353.2
21FLSUW SUW275C1 4/14/1992 12:00:00 0.43 mg/l      353.2
21FLSUW SUW275C1 5/11/1992 12:15:00 0.6 mg/l      353.2
21FLSUW SUW275C1 6/8/1992 12:30:00 0.83 mg/l      353.2
21FLSUW SUW275C1 7/14/1992 14:11:00 0.61 mg/l      353.2
21FLSUW SUW275C1 8/10/1992 12:07:00 0.62 mg/l      353.2
21FLSUW SUW275C1 9/7/1992 11:15:00 0.47 mg/l      353.2
21FLSUW SUW275C1 10/15/1992 14:10:00 0.24 mg/l      353.2
21FLSUW SUW275C1 2/4/1993 14:30:00 0.16 mg/l      353.2
21FLSUW SUW275C1 2/4/1993 14:35:00 0.15 mg/l      353.2
21FLSUW SUW275C1 2/4/1993 14:25:00 0.16 mg/l      353.2
21FLSUW SUW275C1 4/8/1993 14:40:00 0.12 mg/l      353.2
21FLSUW SUW275C1 4/8/1993 14:40:00 0.11 mg/l      353.2
21FLSUW SUW275C1 4/8/1993 14:40:00 0.1 mg/l      353.2
21FLSUW SUW275C1 6/3/1993 14:30:00 0.79 mg/l      353.2
21FLSUW SUW275C1 6/3/1993 14:30:00 0.79 mg/l      353.2



21FLSUW SUW275C1 6/3/1993 14:50:00 0.79 mg/l      353.2
21FLSUW SUW275C1 8/5/1993 14:26:00 0.83 mg/l      353.2
21FLSUW SUW275C1 8/5/1993 14:44:00 0.82 mg/l      353.2
21FLSUW SUW275C1 8/5/1993 14:26:00 0.83 mg/l      353.2
21FLSUW SUW275C1 11/11/1993 16:10:00 0.77 mg/l      353.2
21FLSUW SUW275C1 11/11/1993 16:04:00 0.77 mg/l      353.2
21FLSUW SUW275C1 11/11/1993 16:08:00 0.77 mg/l      353.2
21FLSUW SUW275C1 12/9/1993 13:56:00 0.81 mg/l      353.2
21FLSUW SUW275C1 12/9/1993 14:03:00 0.81 mg/l      353.2
21FLSUW SUW275C1 12/9/1993 13:50:00 0.81 mg/l      353.2
21FLSUW SUW275C1 2/10/1994 13:23:00 0.1 mg/l      353.2
21FLSUW SUW275C1 2/10/1994 13:36:00 0.09 mg/l      353.2
21FLSUW SUW275C1 2/10/1994 13:46:00 0.1 mg/l      353.2
21FLSUW SUW275C1 4/7/1994 13:35:00 0.19 mg/l      353.2
21FLSUW SUW275C1 4/7/1994 13:51:00 0.19 mg/l      353.2
21FLSUW SUW275C1 4/7/1994 13:45:00 0.19 mg/l      353.2
21FLSUW SUW275C1 6/7/1994 14:20:00 0.88 mg/l      353.2
21FLSUW SUW275C1 6/7/1994 13:48:00 0.88 mg/l      353.2
21FLSUW SUW275C1 6/7/1994 14:10:00 0.88 mg/l      353.2
21FLSUW SUW275C1 8/11/1994 11:27:00 0.3 mg/l      353.2
21FLSUW SUW275C1 8/11/1994 11:55:00 0.31 mg/l      353.2
21FLSUW SUW275C1 8/11/1994 11:40:00 0.3 mg/l      353.2
21FLSUW SUW275C1 12/8/1994 14:05:00 0.4 mg/l      353.2
21FLSUW SUW275C1 2/9/1995 15:23:00 0.28 mg/l      353.2
21FLSUW SUW275C1 4/4/1995 11:30:00 0.43 mg/l      353.2
21FLSUW SUW275C1 6/8/1995 13:50:00 0.91 mg/l      353.2
21FLSUW SUW275C1 8/14/1995 13:38:00 0.66 mg/l      353.2
21FLSUW SUW275C1 9/11/1995 15:30:00 0.64 mg/l      353.2
21FLSUW SUW275C1 12/13/1995 11:20:00 0.91 mg/l      353.2
21FLSUW SUW275C1 1/17/1996 11:42:00 0.8 mg/l      353.2
21FLSUW SUW275C1 2/15/1996 12:02:00 0.64 mg/l      353.2
21FLSUW SUW275C1 4/10/1996 11:10:00 0.05 mg/l      353.2
21FLSUW SUW275C1 6/12/1996 11:50:00 0.79 mg/l      353.2
21FLSUW SUW275C1 8/15/1996 11:45:00 0.79 mg/l      353.2
21FLSUW SUW275C1 9/12/1996 11:00:00 0.83 mg/l      353.2
21FLSUW SUW275C1 12/11/1996 11:08:00 0.82 mg/l      353.2
21FLSUW SUW275C1 2/20/1997 11:30:00 0.28 mg/l      353.2
21FLSUW SUW275C1 4/10/1997 10:20:00 0.52 mg/l      353.2
21FLSUW SUW275C1 6/12/1997 10:32:00 0.74 mg/l      353.2
21FLSUW SUW275C1 6/12/1997 10:30:00 0.67 mg/l      353.2
21FLSUW SUW275C1 8/15/1997 10:28:00 0.37 mg/l      353.2
21FLSUW SUW275C1 8/15/1997 10:30:00 0.37 mg/l      353.2
21FLSUW SUW275C1 12/17/1997 12:17:00 0.19 mg/l      353.2
21FLSUW SUW275C1 1/13/1998 9:38:00 0.16 mg/l      353.2
21FLSUW SUW275C1 2/10/1998 9:00:00 0.14 mg/l      353.2
21FLSUW SUW275C1 3/17/1998 10:37:00 0.11 mg/l      353.2
21FLSUW SUW275C1 4/13/1998 10:05:00 0.39 mg/l      353.2
21FLSUW SUW275C1 5/6/1998 9:33:00 0.81 mg/l      353.2
21FLSUW SUW275C1 6/3/1998 9:32:00 1.26 mg/l      353.2
21FLSUW SUW275C1 7/7/1998 9:44:00 1.15 mg/l      353.2
21FLSUW SUW275C1 8/11/1998 9:11:00 1.13 mg/l      353.2
21FLSUW SUW275C1 9/10/1998 10:15:00 0.98 mg/l      353.2
21FLSUW SUW275C1 10/15/1998 9:19:00 0.15 mg/l      353.2
21FLSUW SUW275C1 11/9/1998 9:33:00 1.01 mg/l      353.2
21FLSUW SUW275C1 12/28/1998 9:16:00 1.35 mg/l      353.2
21FLSUW SUW275C1 1/19/1999 9:38:00 1.01 mg/l      353.2
21FLSUW SUW275C1 2/3/1999 10:07:00 0.57 mg/l      353.2
21FLSUW SUW275C1 3/3/1999 9:10:00 0.83 mg/l      353.2
21FLSUW SUW275C1 6/15/1999 9:42:00 0.81 mg/l      353.2
21FLSUW SUW275C1 7/13/1999 10:11:00 0.61 mg/l      353.2
21FLSUW SUW275C1 8/18/1999 9:57:00 0.87 mg/l      353.2
21FLSUW SUW275C1 9/28/1999 10:24:00 0.85 mg/l      353.2
21FLSUW SUW275C1 10/11/1999 10:51:00 1.01 mg/l      353.2



21FLSUW SUW275C1 11/1/1999 9:57:00 0.98 mg/l      353.2
21FLSUW SUW275C1 12/20/1999 11:41:00 0.95 mg/l      353.2
21FLSUW SUW275C1 1/12/2000 14:55:00 0.99 mg/l      353.2
21FLSUW SUW275C1 1/12/2000 14:53:00 0.97 mg/l      353.2
21FLSUW SUW275C1 2/1/2000 8:30:00 0.91 mg/l      353.2
21FLSUW SUW275C1 3/9/2000 9:50:00 0.8 mg/l      353.2
21FLSUW SUW275C1 4/10/2000 10:27:00 0.43 mg/l      353.2
21FLSUW SUW275C1 5/1/2000 9:35:00 0.65 mg/l      353.2
21FLSUW SUW275C1 6/19/2000 14:18:00 0.03 mg/l      353.2
21FLSUW SUW275C1 7/19/2000 10:05:00 0.42 mg/l      353.2
21FLSUW SUW275C1 8/21/2000 9:43:00 0.81 mg/l      353.2
21FLSUW SUW275C1 9/12/2000 9:06:00 0.83 mg/l      353.2
21FLSUW SUW275C1 10/10/2000 14:30:00 0.72 mg/l      353.2
21FLSUW SUW275C1 11/15/2000 9:33:00 1.07 mg/l      353.2
21FLSUW SUW275C1 12/13/2000 14:23:00 0.99 mg/l      353.2
21FLSUW SUW275C1 2/8/2001 15:11:00 0.59 mg/l      353.2
21FLSUW SUW275C1 2/8/2001 15:13:00 0.59 mg/l      353.2
21FLSUW SUW275C1 3/8/2001 10:13:00 0.82 mg/l      353.2
21FLSUW SUW275C1 4/9/2001 14:49:00 0.25 mg/l      353.2
21FLSUW SUW275C1 5/15/2001 9:24:00 0.66 mg/l      353.2
21FLSUW SUW275C1 6/12/2001 11:06:00 0.42 mg/l      353.2
21FLSUW SUW275C1 7/17/2001 10:41:00 0.49 mg/l      353.2
21FLSUW SUW275C1 8/16/2001 10:03:00 0.56 mg/l      353.2
21FLSUW SUW275C1 9/13/2001 10:15:00 0.95 mg/l      353.2
21FLSUW SUW275C1 10/29/2001 14:48:00 0.97 mg/l      353.2
21FLSUW SUW275C1 11/15/2001 9:30:00 0.88 mg/l      353.2
21FLSUW SUW275C1 12/13/2001 9:49:00 0.96 mg/l      353.2
21FLSUW SUW275C1 1/16/2002 12:37:00 0.78 mg/l      353.2
21FLSUW SUW275C1 2/11/2002 10:16:00 0.78 mg/l      353.2
21FLSUW SUW275C1 3/11/2002 10:35:00 0.23 mg/l      353.2
21FLSUW SUW275C1 4/8/2002 10:53:00 0.57 mg/l      353.2
21FLSUW SUW275C1 5/14/2002 9:20:00 0.67 mg/l      353.2
21FLSUW SUW275C1 6/11/2002 10:46:00 0.54 mg/l      353.2
21FLSUW SUW275C1 7/15/2002 9:55:00 0.36 mg/l      353.2
21FLSUW SUW275C1 8/15/2002 10:35:00 0.43 mg/l      353.2
21FLSUW SUW275C1 9/12/2002 10:54:00 0.56 mg/l      353.2
21FLSUW SUW275C1 10/23/2002 10:50:00 0.79 mg/l      353.2
21FLSUW SUW275C1 11/18/2002 9:39:00 0.64 mg/l      353.2
21FLSUW SUW275C1 12/16/2002 11:20:00 0.68 mg/l      353.2
21FLSUW SUW275C1 1/14/2003 13:03:00 0.29 mg/l      353.2
21FLSUW SUW275C1 2/10/2003 11:26:00 0.86 mg/l      353.2
21FLSUW SUW275C1 3/10/2003 13:11:00 0.08 mg/l      353.2
21FLSUW SUW275C1 3/10/2003 13:13:00 0.07 mg/l      353.2
21FLSUW SUW275C1 4/14/2003 10:41:00 0.2 mg/l      353.2
21FLSUW SUW275C1 5/15/2003 16:52:00 0.7 mg/l      353.2
21FLSUW SUW275C1 5/15/2003 16:50:00 0.7 mg/l      353.2
21FLSUW SUW275C1 6/11/2003 10:54:00 0.8 mg/l      353.2
21FLSUW SUW275C1 7/8/2003 13:31:00 0.61 mg/l      353.2
21FLSUW SUW275C1 8/5/2003 10:38:00 0.46 mg/l      353.2
21FLSUW SUW275C1 9/10/2003 10:16:00 0.5 mg/l      353.2
21FLSUW SUW275C1 9/10/2003 10:14:00 0.51 mg/l      353.2
21FLSUW SUW275C1 10/8/2003 9:53:00 1.14 mg/l      353.2
21FLSUW SUW275C1 11/17/2003 8:39:00 0.89 mg/l      353.2
21FLSUW SUW275C1 12/15/2003 9:26:00 1.13 mg/l      353.2
21FLSUW SUW275C1 1/14/2004 12:01:00 1.1 mg/l      353.2
21FLSUW SUW275C1 2/9/2004 9:08:00 0.54 mg/l      353.2
21FLSUW SUW275C1 3/8/2004 9:01:00 0.25 mg/l      353.2
21FLSUW SUW275C1 4/15/2004 9:22:00 1.03 mg/l      353.2
21FLSUW SUW275C1 5/13/2004 14:14:00 1 mg/l      353.2
21FLSUW SUW275C1 6/10/2004 9:13:00 0.86 mg/l      353.2
21FLSUW SUW275C1 7/8/2004 12:00:00 0.63 mg/l      353.2
21FLSUW SUW275C1 8/11/2004 8:50:00 0.84 mg/l      353.2
21FLSUW SUW275C1 9/8/2004 11:07:00 0.34 mg/l      353.2



21FLSUW SUW275C1 10/13/2004 9:53:00 0.01 mg/l      353.2
21FLSUW SUW275C1 11/15/2004 10:09:00 0.53 mg/l      353.2
21FLSUW SUW275C1 12/13/2004 10:03:00 0.68 mg/l      353.2
21FLSUW SUW275C1 1/10/2005 13:54:00 0.63 mg/l      353.2
21FLSUW SUW275C1 2/3/2005 10:12:00 0.88 mg/l      353.2
21FLSUW SUW275C1 3/3/2005 9:40:00 0.85 mg/l      353.2
21FLSUW SUW275C1 4/18/2005 9:20:00 0.02 mg/l      353.2
21FLSUW SUW275C1 5/17/2005 14:55:00 0.46 mg/l      353.2
21FLSUW SUW275C1 6/14/2005 9:30:00 0.72 mg/l      353.2
21FLSUW SUW275C1 7/18/2005 12:12:00 0.15 mg/l      353.2
21FLSUW SUW275C1 8/11/2005 9:58:00 0.38 mg/l      353.2
21FLSUW SUW275C1 9/8/2005 9:40:00 0.845 mg/l      353.2
21FLSUW SUW275C1 10/12/2005 9:50:00 1.2 mg/l      353.2
21FLSUW SUW275C1 11/22/2005 8:56:00 1.32 mg/l      353.2
21FLSUW SUW275C1 12/20/2005 9:56:00 0.944 mg/l      353.2
21FLSUW SUW275C1 1/10/2006 9:48:00 0.33 mg/l      353.2
21FLSUW SUW275C1 2/6/2006 10:10:00 0.67 mg/l      353.2
21FLSUW SUW275C1 3/6/2006 10:23:00 0.47 mg/l      353.2
21FLSUW SUW275C1 4/13/2006 10:19:00 1.13 mg/l      353.2
21FLSUW SUW275C1 5/16/2006 9:13:00 1.17 mg/l      353.2
21FLSUW SUW275C1 6/14/2006 9:24:00 0.49 mg/l      353.2
21FLSUW SUW275C1 7/12/2006 9:20:00 0.88 mg/l      353.2
21FLSUW SUW275C1 8/14/2006 9:42:00 0.677 mg/l      353.2
21FLSUW SUW275C1 9/11/2006 9:37:00 0.912 mg/l      353.2
21FLSUW SUW275C1 10/5/2006 10:13:00 0.79 mg/l      353.2
21FLSUW SUW275C1 11/13/2006 9:17:00 0.94 mg/l      353.2
21FLSUW SUW275C1 12/11/2006 9:37:00 1.09 mg/l      353.2
21FLSUW SUW275C1 1/11/2007 11:29:00 0.94 mg/l      353.2
21FLSUW SUW275C1 2/6/2007 10:30:00 0.8 mg/l      353.2
21FLSUW SUW275C1 3/6/2007 9:15:00 0.702 mg/l      353.2
21FLSUW SUW275C1 4/18/2007 9:45:00 0.834 mg/l      353.2
21FLSUW SUW275C1 10/17/2007 12:15:00 0.892 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SUW275C1 11/14/2007 17:02:00 0.92 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SUW275C1 12/12/2007 13:52:00 0.897 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SUW275C1 1/15/2008 16:02:00 0.749 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SUW275C1 2/12/2008 14:43:00 0.66 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SUW275C1 3/18/2008 12:21:00 0.114 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SUW275C1 4/17/2008 14:24:00 0.335 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SUW275C1 5/13/2008 14:20:00 0.867 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SUW275C1 6/18/2008 13:00:00 0.797 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SUW275C1 7/23/2008 15:08:00 0.669 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SUW275C1 8/19/2008 15:33:00 0.765 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SUW275C1 9/17/2008 13:33:00 0.648 mg/l      353.2 3.00E-03 mg/l      4.00E-03

21FLSUW SUW285C1 10/11/1999 11:14:00 0.94 mg/l      353.2
21FLSUW SUW285C1 10/11/1999 11:16:00 0.98 mg/l      353.2
21FLSUW SUW285C1 11/1/1999 10:29:00 0.78 mg/l      353.2
21FLSUW SUW285C1 12/20/1999 14:05:00 0.93 mg/l      353.2
21FLSUW SUW285C1 1/12/2000 15:17:00 0.99 mg/l      353.2
21FLSUW SUW285C1 2/1/2000 8:52:00 0.9 mg/l      353.2
21FLSUW SUW285C1 3/9/2000 10:19:00 0.73 mg/l      353.2
21FLSUW SUW285C1 3/9/2000 10:21:00 1.62 mg/l      353.2
21FLSUW SUW285C1 4/10/2000 10:53:00 0.44 mg/l      353.2
21FLSUW SUW285C1 5/1/2000 9:57:00 0.64 mg/l      353.2
21FLSUW SUW285C1 6/19/2000 14:32:00 0.06 mg/l      353.2
21FLSUW SUW285C1 7/19/2000 10:21:00 0.45 mg/l      353.2
21FLSUW SUW285C1 8/21/2000 9:59:00 0.78 mg/l      353.2
21FLSUW SUW285C1 9/12/2000 9:21:00 0.84 mg/l      353.2
21FLSUW SUW285C1 9/12/2000 9:23:00 0.82 mg/l      353.2
21FLSUW SUW285C1 10/10/2000 14:57:00 0.71 mg/l      353.2
21FLSUW SUW285C1 10/10/2000 14:55:00 0.72 mg/l      353.2
21FLSUW SUW285C1 11/15/2000 8:55:00 1.01 mg/l      353.2
21FLSUW SUW285C1 12/13/2000 14:53:00 0.92 mg/l      353.2



21FLSUW SUW285C1 12/13/2000 14:51:00 0.96 mg/l      353.2
21FLSUW SUW285C1 2/8/2001 14:41:00 0.56 mg/l      353.2
21FLSUW SUW285C1 3/8/2001 10:34:00 0.83 mg/l      353.2
21FLSUW SUW285C1 4/9/2001 14:22:00 0.25 mg/l      353.2
21FLSUW SUW285C1 5/15/2001 9:48:00 0.65 mg/l      353.2
21FLSUW SUW285C1 6/12/2001 11:31:00 0.3 mg/l      353.2
21FLSUW SUW285C1 6/12/2001 11:33:00 0.3 mg/l      353.2
21FLSUW SUW285C1 7/17/2001 10:18:00 0.44 mg/l      353.2
21FLSUW SUW285C1 8/16/2001 10:29:00 0.51 mg/l      353.2
21FLSUW SUW285C1 9/13/2001 10:31:00 0.27 mg/l      353.2
21FLSUW SUW285C1 10/29/2001 14:19:00 0.97 mg/l      353.2
21FLSUW SUW285C1 11/15/2001 9:48:00 0.89 mg/l      353.2
21FLSUW SUW285C1 12/13/2001 10:50:00 0.9 mg/l      353.2
21FLSUW SUW285C1 1/16/2002 12:59:00 0.79 mg/l      353.2
21FLSUW SUW285C1 2/11/2002 10:34:00 0.79 mg/l      353.2
21FLSUW SUW285C1 3/11/2002 11:11:00 0.22 mg/l      353.2
21FLSUW SUW285C1 3/11/2002 11:13:00 0.22 mg/l      353.2
21FLSUW SUW285C1 4/8/2002 11:23:00 0.55 mg/l      353.2
21FLSUW SUW285C1 5/14/2002 9:40:00 0.63 mg/l      353.2
21FLSUW SUW285C1 6/11/2002 11:08:00 0.49 mg/l      353.2
21FLSUW SUW285C1 6/11/2002 11:06:00 0.5 mg/l      353.2
21FLSUW SUW285C1 7/15/2002 10:26:00 0.35 mg/l      353.2
21FLSUW SUW285C1 8/15/2002 10:59:00 0.4 mg/l      353.2
21FLSUW SUW285C1 9/12/2002 11:26:00 0.5 mg/l      353.2
21FLSUW SUW285C1 10/23/2002 11:16:00 0.74 mg/l      353.2
21FLSUW SUW285C1 11/18/2002 10:01:00 0.6 mg/l      353.2
21FLSUW SUW285C1 12/16/2002 11:40:00 0.66 mg/l      353.2
21FLSUW SUW285C1 1/14/2003 13:24:00 0.29 mg/l      353.2
21FLSUW SUW285C1 2/10/2003 11:47:00 0.85 mg/l      353.2
21FLSUW SUW285C1 3/10/2003 12:01:00 0.08 mg/l      353.2
21FLSUW SUW285C1 4/14/2003 10:58:00 0.19 mg/l      353.2
21FLSUW SUW285C1 5/15/2003 17:08:00 0.67 mg/l      353.2
21FLSUW SUW285C1 6/11/2003 11:18:00 0.8 mg/l      353.2
21FLSUW SUW285C1 6/11/2003 11:20:00 0.67 mg/l      353.2
21FLSUW SUW285C1 7/8/2003 13:55:00 0.59 mg/l      353.2
21FLSUW SUW285C1 8/5/2003 10:58:00 0.45 mg/l      353.2
21FLSUW SUW285C1 9/10/2003 10:39:00 0.5 mg/l      353.2
21FLSUW SUW285C1 10/8/2003 10:20:00 1.11 mg/l      353.2
21FLSUW SUW285C1 11/17/2003 9:00:00 0.87 mg/l      353.2
21FLSUW SUW285C1 12/15/2003 9:50:00 1.13 mg/l      353.2
21FLSUW SUW285C1 1/14/2004 12:24:00 1.1 mg/l      353.2
21FLSUW SUW285C1 2/9/2004 9:33:00 0.54 mg/l      353.2
21FLSUW SUW285C1 3/8/2004 9:22:00 0.24 mg/l      353.2
21FLSUW SUW285C1 4/15/2004 9:42:00 1.02 mg/l      353.2
21FLSUW SUW285C1 5/13/2004 13:22:00 0.97 mg/l      353.2
21FLSUW SUW285C1 5/13/2004 13:24:00 0.99 mg/l      353.2
21FLSUW SUW285C1 6/10/2004 9:35:00 0.82 mg/l      353.2
21FLSUW SUW285C1 6/10/2004 9:33:00 0.82 mg/l      353.2
21FLSUW SUW285C1 7/8/2004 11:37:00 0.63 mg/l      353.2
21FLSUW SUW285C1 8/11/2004 9:11:00 0.81 mg/l      353.2
21FLSUW SUW285C1 9/8/2004 12:06:00 0.3 mg/l      353.2
21FLSUW SUW285C1 9/8/2004 12:08:00 0.3 mg/l      353.2
21FLSUW SUW285C1 10/13/2004 10:26:00 *Non-detect 353.2
21FLSUW SUW285C1 10/13/2004 10:28:00 0.01 mg/l      353.2
21FLSUW SUW285C1 11/15/2004 11:00:00 0.52 mg/l      353.2
21FLSUW SUW285C1 12/13/2004 10:32:00 0.67 mg/l      353.2
21FLSUW SUW285C1 1/10/2005 14:16:00 0.61 mg/l      353.2
21FLSUW SUW285C1 2/3/2005 10:40:00 0.87 mg/l      353.2
21FLSUW SUW285C1 3/3/2005 10:26:00 0.84 mg/l      353.2
21FLSUW SUW285C1 4/18/2005 9:50:00 0.02 mg/l      353.2
21FLSUW SUW285C1 5/17/2005 15:15:00 0.45 mg/l      353.2
21FLSUW SUW285C1 6/14/2005 9:52:00 0.71 mg/l      353.2
21FLSUW SUW285C1 7/18/2005 12:33:00 0.16 mg/l      353.2



21FLSUW SUW285C1 8/11/2005 10:21:00 0.38 mg/l      353.2
21FLSUW SUW285C1 9/8/2005 10:06:00 0.841 mg/l      353.2
21FLSUW SUW285C1 10/12/2005 10:11:00 1.18 mg/l      353.2
21FLSUW SUW285C1 10/12/2005 10:13:00 1.19 mg/l      353.2
21FLSUW SUW285C1 11/22/2005 9:20:00 1.31 mg/l      353.2
21FLSUW SUW285C1 11/22/2005 9:22:00 1.31 mg/l      353.2
21FLSUW SUW285C1 12/20/2005 10:21:00 0.937 mg/l      353.2
21FLSUW SUW285C1 1/10/2006 10:18:00 0.33 mg/l      353.2
21FLSUW SUW285C1 2/6/2006 10:39:00 0.66 mg/l      353.2
21FLSUW SUW285C1 3/6/2006 11:20:00 0.45 mg/l      353.2
21FLSUW SUW285C1 4/13/2006 10:44:00 1.13 mg/l      353.2
21FLSUW SUW285C1 5/16/2006 9:33:00 1.17 mg/l      353.2
21FLSUW SUW285C1 5/16/2006 9:35:00 1.16 mg/l      353.2
21FLSUW SUW285C1 6/14/2006 10:08:00 0.45 mg/l      353.2
21FLSUW SUW285C1 6/14/2006 10:06:00 0.45 mg/l      353.2
21FLSUW SUW285C1 7/12/2006 9:46:00 0.853 mg/l      353.2
21FLSUW SUW285C1 8/14/2006 10:07:00 0.659 mg/l      353.2
21FLSUW SUW285C1 9/11/2006 10:15:00 0.88 mg/l      353.2
21FLSUW SUW285C1 9/11/2006 10:13:00 0.886 mg/l      353.2
21FLSUW SUW285C1 10/5/2006 10:48:00 0.76 mg/l      353.2
21FLSUW SUW285C1 11/13/2006 9:48:00 0.89 mg/l      353.2
21FLSUW SUW285C1 12/11/2006 10:03:00 1.07 mg/l      353.2
21FLSUW SUW285C1 1/11/2007 11:58:00 0.96 mg/l      353.2
21FLSUW SUW285C1 2/6/2007 11:00:00 0.809 mg/l      353.2
21FLSUW SUW285C1 3/6/2007 9:46:00 0.698 mg/l      353.2
21FLSUW SUW285C1 4/18/2007 10:13:00 0.832 mg/l      353.2
21FLSUW SUW285C1 10/17/2007 11:50:00 0.898 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SUW285C1 11/14/2007 17:35:00 0.901 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SUW285C1 12/12/2007 13:14:00 0.939 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SUW285C1 1/15/2008 16:20:00 0.759 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SUW285C1 2/12/2008 13:50:00 0.656 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SUW285C1 3/18/2008 12:34:00 0.119 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SUW285C1 4/1/2008 14:29:00 0.39 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SUW285C1 5/13/2008 14:07:00 0.878 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SUW285C1 6/10/2008 13:47:00 0.774 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SUW285C1 7/23/2008 14:41:00 0.663 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SUW285C1 8/20/2008 11:44:00 0.774 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SUW285C1 9/17/2008 12:21:00 0.641 mg/l      353.2 3.00E-03 mg/l      4.00E-03

21FLSUW SUW305C1 2/13/1990 11:30:00 0.35 mg/l      353.2
21FLSUW SUW305C1 2/13/1990 11:30:00 0.05 mg/l      
21FLSUW SUW305C1 3/13/1990 10:30:00 0.2 mg/l      353.2
21FLSUW SUW305C1 3/13/1990 10:30:00 0.05 mg/l      
21FLSUW SUW305C1 4/17/1990 10:15:00 0.56 mg/l      353.2
21FLSUW SUW305C1 4/17/1990 10:15:00 0.05 mg/l      
21FLSUW SUW305C1 5/15/1990 9:45:00 0.82 mg/l      353.2
21FLSUW SUW305C1 5/15/1990 9:45:00 0.05 mg/l      
21FLSUW SUW305C1 6/12/1990 11:55:00 0.47 mg/l      353.2
21FLSUW SUW305C1 6/12/1990 11:55:00 0.05 mg/l      
21FLSUW SUW305C1 7/16/1990 10:00:00 0.31 mg/l      353.2
21FLSUW SUW305C1 7/16/1990 10:00:00 0.05 mg/l      
21FLSUW SUW305C1 8/16/1990 10:32:00 0.18 mg/l      353.2
21FLSUW SUW305C1 8/16/1990 10:32:00 0.05 mg/l      
21FLSUW SUW305C1 9/13/1990 10:52:00 *Non-detect 353.2 0.05 mg/l      
21FLSUW SUW305C1 9/13/1990 10:52:00 0.05 mg/l      
21FLSUW SUW305C1 10/16/1990 14:25:00 0.15 mg/l      353.2
21FLSUW SUW305C1 10/16/1990 14:25:00 0.05 mg/l      
21FLSUW SUW305C1 11/14/1990 14:45:00 0.4 mg/l      353.2
21FLSUW SUW305C1 11/14/1990 14:45:00 0.05 mg/l      
21FLSUW SUW305C1 12/12/1990 15:15:00 0.49 mg/l      353.2
21FLSUW SUW305C1 12/12/1990 15:15:00 0.05 mg/l      
21FLSUW SUW305C1 1/15/1991 11:50:00 0.77 mg/l      353.2
21FLSUW SUW305C1 1/15/1991 11:50:00 0.05 mg/l      



21FLSUW SUW305C1 2/21/1991 14:00:00 0.1 mg/l      353.2
21FLSUW SUW305C1 2/21/1991 14:00:00 0.05 mg/l      
21FLSUW SUW305C1 3/21/1991 17:00:00 *Non-detect 353.2 0.05 mg/l      
21FLSUW SUW305C1 3/21/1991 17:00:00 0.05 mg/l      
21FLSUW SUW305C1 4/16/1991 14:10:00 0.31 mg/l      353.2
21FLSUW SUW305C1 4/16/1991 14:10:00 0.05 mg/l      
21FLSUW SUW305C1 5/14/1991 13:55:00 0.83 mg/l      353.2
21FLSUW SUW305C1 5/14/1991 13:55:00 0.34 mg/l      
21FLSUW SUW305C1 6/11/1991 14:45:00 0.24 mg/l      353.2
21FLSUW SUW305C1 6/11/1991 14:45:00 0.05 mg/l      
21FLSUW SUW305C1 7/16/1991 13:10:00 0.34 mg/l      353.2
21FLSUW SUW305C1 7/16/1991 13:10:00 0.05 mg/l      
21FLSUW SUW305C1 8/14/1991 14:30:00 0.14 mg/l      353.2
21FLSUW SUW305C1 8/14/1991 14:30:00 0.05 mg/l      
21FLSUW SUW305C1 9/10/1991 13:35:00 0.49 mg/l      353.2
21FLSUW SUW305C1 9/10/1991 13:35:00 0.05 mg/l      
21FLSUW SUW305C1 10/15/1991 12:00:00 0.8 mg/l      353.2
21FLSUW SUW305C1 11/13/1991 14:50:00 1.02 mg/l      353.2
21FLSUW SUW305C1 12/11/1991 15:20:00 0.97 mg/l      353.2
21FLSUW SUW305C1 1/14/1992 14:38:00 0.87 mg/l      353.2
21FLSUW SUW305C1 2/11/1992 13:15:00 0.17 mg/l      353.2
21FLSUW SUW305C1 3/10/1992 13:13:00 0.12 mg/l      353.2
21FLSUW SUW305C1 4/14/1992 13:00:00 0.42 mg/l      353.2
21FLSUW SUW305C1 5/11/1992 13:30:00 0.6 mg/l      353.2
21FLSUW SUW305C1 6/8/1992 14:20:00 0.8 mg/l      353.2
21FLSUW SUW305C1 7/14/1992 15:10:00 0.43 mg/l      353.2
21FLSUW SUW305C1 8/10/1992 13:00:00 0.25 mg/l      353.2
21FLSUW SUW305C1 9/7/1992 12:15:00 0.46 mg/l      353.2
21FLSUW SUW305C1 10/11/1999 11:47:00 1 mg/l      353.2
21FLSUW SUW305C1 11/1/1999 11:02:00 0.76 mg/l      353.2
21FLSUW SUW305C1 12/20/1999 13:45:00 0.85 mg/l      353.2
21FLSUW SUW305C1 12/20/1999 13:47:00 0.85 mg/l      353.2
21FLSUW SUW305C1 1/12/2000 15:38:00 0.98 mg/l      353.2
21FLSUW SUW305C1 2/1/2000 9:14:00 0.9 mg/l      353.2
21FLSUW SUW305C1 2/1/2000 9:16:00 0.92 mg/l      353.2
21FLSUW SUW305C1 3/9/2000 10:54:00 0.73 mg/l      353.2
21FLSUW SUW305C1 4/10/2000 11:37:00 0.47 mg/l      353.2
21FLSUW SUW305C1 4/10/2000 11:39:00 0.44 mg/l      353.2
21FLSUW SUW305C1 5/1/2000 10:21:00 0.64 mg/l      353.2
21FLSUW SUW305C1 5/1/2000 10:19:00 0.64 mg/l      353.2
21FLSUW SUW305C1 6/19/2000 15:07:00 0.07 mg/l      353.2
21FLSUW SUW305C1 6/19/2000 15:05:00 0.08 mg/l      353.2
21FLSUW SUW305C1 7/19/2000 10:45:00 0.45 mg/l      353.2
21FLSUW SUW305C1 8/21/2000 10:27:00 0.78 mg/l      353.2
21FLSUW SUW305C1 8/21/2000 10:29:00 0.78 mg/l      353.2
21FLSUW SUW305C1 9/12/2000 9:53:00 0.68 mg/l      353.2
21FLSUW SUW305C1 10/10/2000 15:24:00 0.68 mg/l      353.2
21FLSUW SUW305C1 11/15/2000 8:11:00 1.02 mg/l      353.2
21FLSUW SUW305C1 12/13/2000 15:47:00 0.71 mg/l      353.2
21FLSUW SUW305C1 2/8/2001 14:07:00 0.57 mg/l      353.2
21FLSUW SUW305C1 3/7/2001 11:35:00 0.87 mg/l      353.2
21FLSUW SUW305C1 3/7/2001 11:37:00 0.87 mg/l      353.2
21FLSUW SUW305C1 4/9/2001 13:57:00 0.29 mg/l      353.2
21FLSUW SUW305C1 5/15/2001 10:21:00 0.63 mg/l      353.2
21FLSUW SUW305C1 5/15/2001 10:23:00 0.63 mg/l      353.2
21FLSUW SUW305C1 6/12/2001 12:35:00 0.3 mg/l      353.2
21FLSUW SUW305C1 7/17/2001 10:00:00 0.43 mg/l      353.2
21FLSUW SUW305C1 8/16/2001 10:53:00 0.49 mg/l      353.2
21FLSUW SUW305C1 8/16/2001 10:55:00 0.47 mg/l      353.2
21FLSUW SUW305C1 9/13/2001 11:32:00 0.7 mg/l      353.2
21FLSUW SUW305C1 10/29/2001 12:06:00 0.79 mg/l      353.2
21FLSUW SUW305C1 11/15/2001 10:29:00 0.9 mg/l      353.2
21FLSUW SUW305C1 12/13/2001 11:54:00 0.82 mg/l      353.2



21FLSUW SUW305C1 1/16/2002 13:33:00 0.75 mg/l      353.2
21FLSUW SUW305C1 2/11/2002 12:30:00 0.79 mg/l      353.2
21FLSUW SUW305C1 3/11/2002 12:03:00 0.21 mg/l      353.2
21FLSUW SUW305C1 4/8/2002 12:52:00 0.46 mg/l      353.2
21FLSUW SUW305C1 5/14/2002 10:11:00 0.63 mg/l      353.2
21FLSUW SUW305C1 6/11/2002 12:45:00 0.26 mg/l      353.2
21FLSUW SUW305C1 7/15/2002 10:44:00 0.35 mg/l      353.2
21FLSUW SUW305C1 8/15/2002 12:09:00 0.39 mg/l      353.2
21FLSUW SUW305C1 8/15/2002 12:11:00 0.41 mg/l      353.2
21FLSUW SUW305C1 9/12/2002 12:40:00 0.49 mg/l      353.2
21FLSUW SUW305C1 9/12/2002 12:38:00 0.49 mg/l      353.2
21FLSUW SUW305C1 10/23/2002 12:17:00 0.73 mg/l      353.2
21FLSUW SUW305C1 11/18/2002 10:39:00 0.61 mg/l      353.2
21FLSUW SUW305C1 12/16/2002 13:15:00 0.61 mg/l      353.2
21FLSUW SUW305C1 1/14/2003 13:42:00 0.28 mg/l      353.2
21FLSUW SUW305C1 1/14/2003 13:44:00 0.28 mg/l      353.2
21FLSUW SUW305C1 2/10/2003 13:05:00 0.85 mg/l      353.2
21FLSUW SUW305C1 3/10/2003 10:23:00 0.08 mg/l      353.2
21FLSUW SUW305C1 4/14/2003 11:52:00 0.19 mg/l      353.2
21FLSUW SUW305C1 5/15/2003 17:20:00 0.67 mg/l      353.2
21FLSUW SUW305C1 6/11/2003 13:25:00 0.77 mg/l      353.2
21FLSUW SUW305C1 7/8/2003 14:37:00 0.59 mg/l      353.2
21FLSUW SUW305C1 8/5/2003 12:33:00 0.45 mg/l      353.2
21FLSUW SUW305C1 9/10/2003 11:03:00 0.51 mg/l      353.2
21FLSUW SUW305C1 10/8/2003 11:26:00 1.1 mg/l      353.2
21FLSUW SUW305C1 11/17/2003 9:29:00 0.87 mg/l      353.2
21FLSUW SUW305C1 12/15/2003 12:05:00 1.13 mg/l      353.2
21FLSUW SUW305C1 1/14/2004 12:48:00 1.11 mg/l      353.2
21FLSUW SUW305C1 2/9/2004 12:39:00 0.54 mg/l      353.2
21FLSUW SUW305C1 3/8/2004 10:31:00 0.25 mg/l      353.2
21FLSUW SUW305C1 4/15/2004 11:03:00 1.03 mg/l      353.2
21FLSUW SUW305C1 5/13/2004 12:54:00 0.96 mg/l      353.2
21FLSUW SUW305C1 6/10/2004 11:10:00 0.78 mg/l      353.2
21FLSUW SUW305C1 7/8/2004 12:29:00 0.63 mg/l      353.2
21FLSUW SUW305C1 8/11/2004 10:29:00 0.81 mg/l      353.2
21FLSUW SUW305C1 8/11/2004 10:27:00 0.79 mg/l      353.2
21FLSUW SUW305C1 9/8/2004 13:15:00 0.31 mg/l      353.2
21FLSUW SUW305C1 10/13/2004 11:35:00 0.01 mg/l      353.2
21FLSUW SUW305C1 11/15/2004 12:07:00 0.52 mg/l      353.2
21FLSUW SUW305C1 11/15/2004 12:05:00 0.52 mg/l      353.2
21FLSUW SUW305C1 12/13/2004 12:26:00 0.67 mg/l      353.2
21FLSUW SUW305C1 1/10/2005 14:41:00 0.6 mg/l      353.2
21FLSUW SUW305C1 2/3/2005 12:10:00 0.87 mg/l      353.2
21FLSUW SUW305C1 2/3/2005 12:12:00 0.87 mg/l      353.2
21FLSUW SUW305C1 3/3/2005 11:59:00 0.85 mg/l      353.2
21FLSUW SUW305C1 4/18/2005 8:45:00 0.02 mg/l      353.2
21FLSUW SUW305C1 5/17/2005 15:45:00 0.45 mg/l      353.2
21FLSUW SUW305C1 6/14/2005 11:38:00 0.72 mg/l      353.2
21FLSUW SUW305C1 7/18/2005 12:57:00 0.15 mg/l      353.2
21FLSUW SUW305C1 7/18/2005 12:59:00 0.16 mg/l      353.2
21FLSUW SUW305C1 8/11/2005 11:38:00 0.38 mg/l      353.2
21FLSUW SUW305C1 9/8/2005 11:53:00 0.835 mg/l      353.2
21FLSUW SUW305C1 9/8/2005 11:55:00 0.852 mg/l      353.2
21FLSUW SUW305C1 10/12/2005 11:18:00 1.18 mg/l      353.2
21FLSUW SUW305C1 11/22/2005 10:03:00 1.3 mg/l      353.2
21FLSUW SUW305C1 12/20/2005 14:34:00 0.939 mg/l      353.2
21FLSUW SUW305C1 1/10/2006 10:48:00 0.34 mg/l      353.2
21FLSUW SUW305C1 2/6/2006 12:06:00 0.66 mg/l      353.2
21FLSUW SUW305C1 3/6/2006 12:57:00 0.41 mg/l      353.2
21FLSUW SUW305C1 4/13/2006 11:52:00 1.11 mg/l      353.2
21FLSUW SUW305C1 5/16/2006 10:05:00 1.14 mg/l      353.2
21FLSUW SUW305C1 6/14/2006 12:24:00 0.43 mg/l      353.2
21FLSUW SUW305C1 7/12/2006 10:11:00 0.849 mg/l      353.2



21FLSUW SUW305C1 7/12/2006 10:13:00 0.851 mg/l      353.2
21FLSUW SUW305C1 8/14/2006 11:37:00 0.658 mg/l      353.2
21FLSUW SUW305C1 9/11/2006 11:39:00 0.89 mg/l      353.2
21FLSUW SUW305C1 10/5/2006 11:58:00 0.57 mg/l      353.2
21FLSUW SUW305C1 11/13/2006 10:32:00 0.85 mg/l      353.2
21FLSUW SUW305C1 11/13/2006 10:34:00 0.88 mg/l      353.2
21FLSUW SUW305C1 12/11/2006 12:23:00 1.06 mg/l      353.2
21FLSUW SUW305C1 1/11/2007 12:23:00 0.97 mg/l      353.2
21FLSUW SUW305C1 2/6/2007 12:43:00 0.819 mg/l      353.2
21FLSUW SUW305C1 2/6/2007 12:41:00 0.802 mg/l      353.2
21FLSUW SUW305C1 3/6/2007 11:19:00 0.702 mg/l      353.2
21FLSUW SUW305C1 4/18/2007 11:20:00 0.816 mg/l      353.2
21FLSUW SUW305C1 10/17/2007 11:20:00 0.785 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SUW305C1 11/14/2007 16:08:00 0.76 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SUW305C1 12/12/2007 12:14:00 0.889 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SUW305C1 1/15/2008 16:32:00 0.72 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SUW305C1 2/12/2008 13:05:00 0.633 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SUW305C1 3/18/2008 13:59:00 0.111 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SUW305C1 4/1/2008 13:59:00 0.363 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SUW305C1 4/1/2008 14:09:00 0.013 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SUW305C1 4/1/2008 14:02:00 0.365 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SUW305C1 5/13/2008 13:31:00 0.887 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SUW305C1 6/10/2008 12:11:00 0.686 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SUW305C1 7/23/2008 14:16:00 0.629 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SUW305C1 7/23/2008 14:20:00 0.595 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SUW305C1 8/20/2008 10:59:00 0.754 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SUW305C1 9/17/2008 11:15:00 0.022 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SUW305C1 9/17/2008 11:09:00 0.604 mg/l      353.2 3.00E-03 mg/l      4.00E-03
21FLSUW SUW305C1 9/17/2008 11:06:00 0.603 mg/l      353.2 3.00E-03 mg/l      4.00E-03

21FLSUW SUW410C1 5/15/1990 10:40:00 0.84 mg/l      353.2
21FLSUW SUW410C1 5/15/1990 10:40:00 0.05 mg/l      
21FLSUW SUW410C1 6/12/1990 12:30:00 0.53 mg/l      353.2
21FLSUW SUW410C1 6/12/1990 12:30:00 0.05 mg/l      
21FLSUW SUW410C1 7/16/1990 10:40:00 0.37 mg/l      353.2
21FLSUW SUW410C1 7/16/1990 10:40:00 0.05 mg/l      
21FLSUW SUW410C1 8/16/1990 11:20:00 0.14 mg/l      353.2
21FLSUW SUW410C1 8/16/1990 11:20:00 0.05 mg/l      
21FLSUW SUW410C1 9/13/1990 11:20:00 0.12 mg/l      353.2
21FLSUW SUW410C1 9/13/1990 11:20:00 0.05 mg/l      
21FLSUW SUW410C1 10/16/1990 15:10:00 0.18 mg/l      353.2
21FLSUW SUW410C1 10/16/1990 15:10:00 0.05 mg/l      
21FLSUW SUW410C1 11/14/1990 15:20:00 0.54 mg/l      353.2
21FLSUW SUW410C1 11/14/1990 15:20:00 0.05 mg/l      
21FLSUW SUW410C1 12/12/1990 15:45:00 0.55 mg/l      353.2
21FLSUW SUW410C1 12/12/1990 15:45:00 0.05 mg/l      
21FLSUW SUW410C1 1/15/1991 12:25:00 0.8 mg/l      353.2
21FLSUW SUW410C1 1/15/1991 12:25:00 0.05 mg/l      
21FLSUW SUW410C1 2/21/1991 13:15:00 0.1 mg/l      353.2
21FLSUW SUW410C1 2/21/1991 13:15:00 0.05 mg/l      
21FLSUW SUW410C1 3/21/1991 16:30:00 *Non-detect 353.2 0.05 mg/l      
21FLSUW SUW410C1 3/21/1991 16:30:00 0.05 mg/l      
21FLSUW SUW410C1 4/16/1991 13:40:00 0.32 mg/l      353.2
21FLSUW SUW410C1 4/16/1991 13:40:00 0.05 mg/l      
21FLSUW SUW410C1 5/14/1991 13:25:00 0.52 mg/l      353.2
21FLSUW SUW410C1 5/14/1991 13:25:00 0.05 mg/l      
21FLSUW SUW410C1 6/11/1991 15:20:00 0.32 mg/l      353.2
21FLSUW SUW410C1 6/11/1991 15:20:00 0.05 mg/l      
21FLSUW SUW410C1 7/16/1991 14:10:00 0.32 mg/l      353.2
21FLSUW SUW410C1 7/16/1991 14:10:00 0.05 mg/l      
21FLSUW SUW410C1 8/14/1991 15:10:00 0.13 mg/l      353.2
21FLSUW SUW410C1 8/14/1991 15:10:00 0.05 mg/l      
21FLSUW SUW410C1 9/10/1991 13:10:00 0.46 mg/l      353.2



21FLSUW SUW410C1 9/10/1991 13:10:00 0.05 mg/l      
21FLSUW SUW410C1 10/15/1991 12:50:00 0.72 mg/l      353.2
21FLSUW SUW410C1 11/13/1991 14:30:00 1.02 mg/l      353.2
21FLSUW SUW410C1 12/11/1991 14:45:00 0.98 mg/l      353.2
21FLSUW SUW410C1 1/14/1992 14:10:00 0.91 mg/l      353.2
21FLSUW SUW410C1 2/11/1992 12:35:00 0.17 mg/l      353.2
21FLSUW SUW410C1 3/10/1992 13:13:00 0.12 mg/l      353.2
21FLSUW SUW410C1 4/14/1992 12:30:00 0.42 mg/l      353.2
21FLSUW SUW410C1 5/11/1992 13:00:00 0.59 mg/l      353.2
21FLSUW SUW410C1 6/8/1992 13:00:00 0.78 mg/l      353.2
21FLSUW SUW410C1 7/14/1992 14:36:00 0.48 mg/l      353.2
21FLSUW SUW410C1 8/10/1992 12:30:00 0.33 mg/l      353.2
21FLSUW SUW410C1 9/7/1992 11:45:00 0.41 mg/l      353.2

Note:
Analytical Procedure - The abbreviated name or identifying code of the analytical procedure.
MDL - MINIMUM DETECTION LIMIT - Refers to the least amount of the target substance that could be detected 
by the instrument or analytical process that was used to determine the result. Above this value, the target substance is presumed to be present.
VQ - VALUE QUALIFIER - A code describing specific quality assurance conditions as reported by the data provider. 
Where applicable, following definitions apply. 
I - The reported value is between the laboratory method detection limit and the laboratory practical quantitation limit.
U - Indicates that the compound was analyzed for but not detected. This symbol shall be used to indicate that the specified component 
was not detected. The value associated with the qualifier shall be the laboratory method detection limit. Unless requested by the client, 
less than the method detection limit values shall not be reported.
V - Indicates that the analyte was detected in both the sample and the associated method blank. 



Total Phosphorus
Source: Florida Department of Environmental Protection, 2009

Org ID Station ID Date Time Value Units Analytical MDL MDL Units PQL VQ
Procedure

21FLSUW SRE060C1 10/3/1995 14:26:00 0.09 mg/l      300(A)         
21FLSUW SRE060C1 11/16/1995 15:53:00 0.124 mg/l      300(A)         
21FLSUW SRE060C1 11/16/1995 15:55:00 0.09 mg/l      300(A)         
21FLSUW SRE060C1 12/6/1995 12:15:00 0.096 mg/l      300(A)         
21FLSUW SRE060C1 1/10/1996 12:18:00 0.089 mg/l      300(A)         
21FLSUW SRE060C1 1/10/1996 12:20:00 0.081 mg/l      300(A)         
21FLSUW SRE060C1 2/7/1996 11:48:00 0.109 mg/l      300(A)         
21FLSUW SRE060C1 2/7/1996 11:46:00 0.11 mg/l      300(A)         
21FLSUW SRE060C1 3/6/1996 11:23:00 0.098 mg/l      300(A)         
21FLSUW SRE060C1 4/3/1996 11:35:00 0.136 mg/l      300(A)         
21FLSUW SRE060C1 5/16/1996 12:13:00 0.073 mg/l      300(A)         
21FLSUW SRE060C1 5/16/1996 12:16:00 0.08 mg/l      300(A)         
21FLSUW SRE060C1 6/13/1996 12:15:00 0.097 mg/l      300(A)         
21FLSUW SRE060C1 6/13/1996 12:20:00 0.096 mg/l      300(A)         
21FLSUW SRE060C1 7/18/1996 10:31:00 0.203 mg/l      300(A)         
21FLSUW SRE060C1 8/22/1996 11:11:00 0.167 mg/l      300(A)         
21FLSUW SRE060C1 8/22/1996 11:06:00 0.159 mg/l      300(A)         
21FLSUW SRE060C1 9/19/1996 11:08:00 0.107 mg/l      300(A)         
21FLSUW SRE060C1 10/11/1996 11:14:00 0.168 mg/l      300(A)         
21FLSUW SRE060C1 11/6/1996 11:50:00 0.111 mg/l      300(A)         
21FLSUW SRE060C1 11/6/1996 11:52:00 0.112 mg/l      300(A)         
21FLSUW SRE060C1 11/6/1996 11:54:00 0.111 mg/l      300(A)         
21FLSUW SRE060C1 12/4/1996 11:34:00 0.1 mg/l      300(A)         
21FLSUW SRE060C1 1/23/1997 11:00:00 0.104 mg/l      300(A)         
21FLSUW SRE060C1 3/12/1997 11:03:00 0.121 mg/l      300(A)         
21FLSUW SRE060C1 4/3/1997 12:36:00 0.154 mg/l      300(A)         
21FLSUW SRE060C1 5/7/1997 11:38:00 0.136 mg/l      300(A)         
21FLSUW SRE060C1 6/4/1997 11:26:00 0.123 mg/l      300(A)         
21FLSUW SRE060C1 7/14/1997 12:11:00 0.18 mg/l      300(A)         
21FLSUW SRE060C1 8/7/1997 10:43:00 *Non-detect 300(A)         0.004 mg/l      
21FLSUW SRE060C1 9/9/1997 11:49:00 0.082 mg/l      300(A)         
21FLSUW SRE060C1 10/2/1997 11:56:00 0.053 mg/l      300(A)         
21FLSUW SRE060C1 11/11/1997 13:20:00 0.14 mg/l      300(A)         
21FLSUW SRE060C1 11/11/1997 13:22:00 0.12 mg/l      300(A)         
21FLSUW SRE060C1 12/9/1997 12:06:00 0.096 mg/l      300(A)         
21FLSUW SRE060C1 1/13/1998 14:14:00 0.1 mg/l      300(A)         
21FLSUW SRE060C1 2/10/1998 14:06:00 0.113 mg/l      300(A)         
21FLSUW SRE060C1 3/17/1998 14:37:00 0.179 mg/l      300(A)         
21FLSUW SRE060C1 3/17/1998 14:39:00 0.167 mg/l      300(A)         
21FLSUW SRE060C1 4/13/1998 14:58:00 0.144 mg/l      300(A)         
21FLSUW SRE060C1 5/6/1998 13:52:00 0.107 mg/l      300(A)         
21FLSUW SRE060C1 6/3/1998 14:06:00 0.118 mg/l      300(A)         
21FLSUW SRE060C1 7/7/1998 14:00:00 0.06 mg/l      300(A)         
21FLSUW SRE060C1 7/7/1998 14:03:00 0.056 mg/l      300(A)         
21FLSUW SRE060C1 8/11/1998 13:43:00 0.106 mg/l      300(A)         
21FLSUW SRE060C1 9/10/1998 12:39:00 0.173 mg/l      300(A)         
21FLSUW SRE060C1 10/15/1998 13:21:00 0.119 mg/l      300(A)         
21FLSUW SRE060C1 11/5/1998 12:30:00 0.097 mg/l      300(A)         
21FLSUW SRE060C1 12/28/1998 14:22:00 0.082 mg/l      300(A)         
21FLSUW SRE060C1 1/19/1999 12:15:00 0.098 mg/l      300(A)         
21FLSUW SRE060C1 2/3/1999 12:51:00 0.123 mg/l      300(A)         
21FLSUW SRE060C1 3/3/1999 13:21:00 0.086 mg/l      300(A)         
21FLSUW SRE060C1 6/15/1999 14:06:00 0.048 mg/l      300(A)         
21FLSUW SRE060C1 6/15/1999 13:58:00 0.044 mg/l      300(A)         
21FLSUW SRE060C1 7/13/1999 13:22:00 0.057 mg/l      300(A)         
21FLSUW SRE060C1 7/13/1999 13:35:00 0.045 mg/l      300(A)         



21FLSUW SRE060C1 9/28/1999 13:56:00 0.071 mg/l      300(A)         
21FLSUW SRE060C1 9/28/1999 13:54:00 0.061 mg/l      300(A)         
21FLSUW SRE060C1 9/28/1999 13:58:00 0.069 mg/l      300(A)         

21FLSUW SRE080C1 10/3/1995 17:25:00 0.103 mg/l      300(A)         
21FLSUW SRE080C1 11/16/1995 15:31:00 0.066 mg/l      300(A)         
21FLSUW SRE080C1 12/6/1995 13:12:00 0.056 mg/l      300(A)         
21FLSUW SRE080C1 12/6/1995 13:08:00 0.045 mg/l      300(A)         
21FLSUW SRE080C1 1/10/1996 13:36:00 0.091 mg/l      300(A)         
21FLSUW SRE080C1 2/7/1996 12:48:00 0.094 mg/l      300(A)         
21FLSUW SRE080C1 3/6/1996 12:18:00 0.069 mg/l      300(A)         
21FLSUW SRE080C1 3/6/1996 12:16:00 0.086 mg/l      300(A)         
21FLSUW SRE080C1 4/3/1996 12:38:00 0.058 mg/l      300(A)         
21FLSUW SRE080C1 4/3/1996 12:34:00 0.094 mg/l      300(A)         
21FLSUW SRE080C1 5/16/1996 13:27:00 0.032 mg/l      300(A)         
21FLSUW SRE080C1 6/13/1996 13:30:00 0.096 mg/l      300(A)         
21FLSUW SRE080C1 6/13/1996 13:34:00 0.09 mg/l      300(A)         
21FLSUW SRE080C1 7/18/1996 11:37:00 0.15 mg/l      300(A)         
21FLSUW SRE080C1 7/18/1996 11:40:00 0.162 mg/l      300(A)         
21FLSUW SRE080C1 8/22/1996 12:06:00 0.655 mg/l      300(A)         
21FLSUW SRE080C1 9/19/1996 11:58:00 0.136 mg/l      300(A)         
21FLSUW SRE080C1 10/11/1996 12:11:00 0.151 mg/l      300(A)         
21FLSUW SRE080C1 11/6/1996 13:00:00 0.097 mg/l      300(A)         
21FLSUW SRE080C1 11/6/1996 12:59:00 0.079 mg/l      300(A)         
21FLSUW SRE080C1 12/4/1996 12:26:00 0.078 mg/l      300(A)         
21FLSUW SRE080C1 1/23/1997 12:10:00 0.085 mg/l      300(A)         
21FLSUW SRE080C1 2/12/1997 12:37:00 0.117 mg/l      300(A)         
21FLSUW SRE080C1 2/12/1997 12:39:00 0.119 mg/l      300(A)         
21FLSUW SRE080C1 3/12/1997 11:31:00 0.119 mg/l      300(A)         
21FLSUW SRE080C1 4/3/1997 13:52:00 0.099 mg/l      300(A)         
21FLSUW SRE080C1 4/3/1997 13:49:00 0.127 mg/l      300(A)         
21FLSUW SRE080C1 5/7/1997 12:45:00 0.136 mg/l      300(A)         
21FLSUW SRE080C1 5/7/1997 12:43:00 0.121 mg/l      300(A)         
21FLSUW SRE080C1 5/7/1997 12:41:00 0.125 mg/l      300(A)         
21FLSUW SRE080C1 6/4/1997 12:30:00 0.098 mg/l      300(A)         
21FLSUW SRE080C1 7/14/1997 13:22:00 0.111 mg/l      300(A)         
21FLSUW SRE080C1 7/14/1997 13:26:00 0.208 mg/l      300(A)         
21FLSUW SRE080C1 8/7/1997 11:46:00 0.143 mg/l      300(A)         
21FLSUW SRE080C1 9/9/1997 13:04:00 0.094 mg/l      300(A)         
21FLSUW SRE080C1 10/2/1997 11:34:00 0.135 mg/l      300(A)         
21FLSUW SRE080C1 11/11/1997 14:47:00 0.078 mg/l      300(A)         
21FLSUW SRE080C1 11/11/1997 14:50:00 0.101 mg/l      300(A)         
21FLSUW SRE080C1 12/9/1997 14:39:00 0.081 mg/l      300(A)         
21FLSUW SRE080C1 1/13/1998 13:26:00 0.104 mg/l      300(A)         
21FLSUW SRE080C1 1/13/1998 13:28:00 0.119 mg/l      300(A)         
21FLSUW SRE080C1 2/10/1998 13:34:00 0.113 mg/l      300(A)         
21FLSUW SRE080C1 3/17/1998 15:48:00 0.152 mg/l      300(A)         
21FLSUW SRE080C1 3/17/1998 15:52:00 0.167 mg/l      300(A)         
21FLSUW SRE080C1 4/13/1998 16:08:00 0.138 mg/l      300(A)         
21FLSUW SRE080C1 4/13/1998 16:10:00 0.128 mg/l      300(A)         
21FLSUW SRE080C1 5/6/1998 14:19:00 0.069 mg/l      300(A)         
21FLSUW SRE080C1 6/3/1998 15:06:00 0.075 mg/l      300(A)         
21FLSUW SRE080C1 7/7/1998 15:19:00 0.078 mg/l      300(A)         
21FLSUW SRE080C1 7/7/1998 15:21:00 0.068 mg/l      300(A)         
21FLSUW SRE080C1 8/11/1998 13:15:00 0.1 mg/l      300(A)         
21FLSUW SRE080C1 9/10/1998 13:39:00 0.189 mg/l      300(A)         
21FLSUW SRE080C1 10/15/1998 14:27:00 0.152 mg/l      300(A)         
21FLSUW SRE080C1 10/15/1998 14:28:00 0.136 mg/l      300(A)         
21FLSUW SRE080C1 11/9/1998 13:34:00 0.089 mg/l      300(A)         
21FLSUW SRE080C1 11/9/1998 13:32:00 0.085 mg/l      300(A)         
21FLSUW SRE080C1 12/28/1998 13:44:00 0.043 mg/l      300(A)         
21FLSUW SRE080C1 12/28/1998 13:42:00 0.063 mg/l      300(A)         
21FLSUW SRE080C1 1/19/1999 12:44:00 0.113 mg/l      300(A)         
21FLSUW SRE080C1 2/3/1999 13:46:00 0.123 mg/l      300(A)         



21FLSUW SRE080C1 3/3/1999 14:47:00 0.073 mg/l      300(A)         
21FLSUW SRE080C1 3/3/1999 14:43:00 0.061 mg/l      300(A)         
21FLSUW SRE080C1 6/15/1999 15:18:00 0.03 mg/l      300(A)         
21FLSUW SRE080C1 7/13/1999 14:57:00 0.045 mg/l      300(A)         
21FLSUW SRE080C1 7/13/1999 14:47:00 0.049 mg/l      300(A)         
21FLSUW SRE080C1 8/18/1999 13:54:00 0.141 mg/l      300(A)         
21FLSUW SRE080C1 9/28/1999 15:22:00 0.053 mg/l      300(A)         
21FLSUW SRE080C1 9/28/1999 15:24:00 0.065 mg/l      300(A)         
21FLSUW SRE080C1 10/29/2001 11:35:00 0.12 mg/l      300(A)         
21FLSUW SRE080C1 12/13/2001 14:50:00 0.075 mg/l      300(A)         
21FLSUW SRE080C1 12/13/2001 15:01:00 0.09 mg/l      300(A)         
21FLSUW SRE080C1 2/11/2002 14:18:00 0.085 mg/l      300(A)         
21FLSUW SRE080C1 4/8/2002 15:23:00 0.17 mg/l      300(A)         
21FLSUW SRE080C1 4/8/2002 15:25:00 0.172 mg/l      300(A)         
21FLSUW SRE080C1 6/11/2002 15:07:00 0.044 mg/l      300(A)         
21FLSUW SRE080C1 6/11/2002 15:20:00 0.041 mg/l      300(A)         
21FLSUW SRE080C1 8/15/2002 14:22:00 0.129 mg/l      300(A)         
21FLSUW SRE080C1 10/23/2002 14:01:00 0.14 mg/l      300(A)         
21FLSUW SRE080C1 12/16/2002 16:11:00 0.09 mg/l      300(A)         
21FLSUW SRE080C1 2/10/2003 15:03:00 0.08 mg/l      300(A)         
21FLSUW SRE080C1 2/10/2003 14:53:00 0.09 mg/l      300(A)         
21FLSUW SRE080C1 4/14/2003 13:34:00 0.16 mg/l      300(A)         
21FLSUW SRE080C1 4/14/2003 13:29:00 0.17 mg/l      300(A)         
21FLSUW SRE080C1 4/14/2003 13:27:00 0.16 mg/l      300(A)         
21FLSUW SRE080C1 6/11/2003 15:58:00 0.14 mg/l      300(A)         
21FLSUW SRE080C1 8/5/2003 14:49:00 0.135 mg/l      300(A)         
21FLSUW SRE080C1 10/8/2003 13:17:00 0.107 mg/l      300(A)         
21FLSUW SRE080C1 10/8/2003 13:25:00 0.103 mg/l      300(A)         
21FLSUW SRE080C1 12/15/2003 13:56:00 0.104 mg/l      300(A)         
21FLSUW SRE080C1 2/9/2004 12:15:00 0.13 mg/l      300(A)         
21FLSUW SRE080C1 4/15/2004 12:46:00 0.113 mg/l      300(A)         
21FLSUW SRE080C1 6/10/2004 13:07:00 0.093 mg/l      300(A)         
21FLSUW SRE080C1 6/10/2004 13:12:00 0.085 mg/l      300(A)         
21FLSUW SRE080C1 8/11/2004 11:48:00 0.106 mg/l      300(A)         
21FLSUW SRE080C1 8/11/2004 11:40:00 0.111 mg/l      300(A)         
21FLSUW SRE080C1 10/13/2004 12:52:00 0.265 mg/l      300(A)         
21FLSUW SRE080C1 12/13/2004 14:48:00 0.103 mg/l      300(A)         
21FLSUW SRE080C1 2/3/2005 13:47:00 0.086 mg/l      300(A)         
21FLSUW SRE080C1 2/3/2005 13:59:00 0.083 mg/l      300(A)         
21FLSUW SRE080C1 4/18/2005 12:42:00 0.152 mg/l      300(A)         
21FLSUW SRE080C1 4/18/2005 12:40:00 0.158 mg/l      300(A)         
21FLSUW SRE080C1 6/14/2005 14:35:00 0.101 mg/l      300(A)         
21FLSUW SRE080C1 6/14/2005 14:37:00 0.116 mg/l      300(A)         
21FLSUW SRE080C1 6/14/2005 14:28:00 0.117 mg/l      300(A)         
21FLSUW SRE080C1 8/11/2005 13:18:00 0.134 mg/l      300(A)         
21FLSUW SRE080C1 10/12/2005 13:16:00 0.12 mg/l      300(A)         
21FLSUW SRE080C1 10/12/2005 13:03:00 0.109 mg/l      300(A)         
21FLSUW SRE080C1 12/20/2005 14:04:00 0.142 mg/l      300(A)         
21FLSUW SRE080C1 2/6/2006 14:00:00 0.106 mg/l      300(A)         
21FLSUW SRE080C1 4/13/2006 13:42:00 0.046 mg/l      300(A)         
21FLSUW SRE080C1 4/13/2006 13:28:00 0.041 mg/l      300(A)         
21FLSUW SRE080C1 6/14/2006 15:05:00 0.054 mg/l      300(A)         
21FLSUW SRE080C1 8/14/2006 13:31:00 0.148 mg/l      300(A)         
21FLSUW SRE080C1 10/5/2006 13:28:00 0.068 mg/l      300(A)         
21FLSUW SRE080C1 10/5/2006 13:40:00 0.071 mg/l      300(A)         
21FLSUW SRE080C1 12/11/2006 14:51:00 0.064 mg/l      300(A)         
21FLSUW SRE080C1 2/6/2007 14:37:00 0.101 mg/l      300(A)         
21FLSUW SRE080C1 4/18/2007 13:03:00 0.0745 mg/l      300(A)         
21FLSUW SRE080C1 10/31/2007 10:14:00 0.224 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SRE080C1 10/31/2007 10:06:00 0.144 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SRE080C1 12/27/2007 14:51:00 0.063 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SRE080C1 2/19/2008 10:51:00 0.138 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SRE080C1 8/20/2008 10:05:00 0.119 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SRE080C1 2/11/2009 12:49:00 0.044 mg/l      365.3 2.30E-03 mg/l      4.00E-03



21FLSUW SUW275C1 2/13/1990 12:10:00 0.14 mg/l      300(A)         
21FLSUW SUW275C1 3/13/1990 10:55:00 0.12 mg/l      300(A)         
21FLSUW SUW275C1 4/17/1990 11:00:00 0.11 mg/l      300(A)         
21FLSUW SUW275C1 5/15/1990 13:07:00 0.13 mg/l      300(A)         
21FLSUW SUW275C1 6/12/1990 13:00:00 *Non-detect 300(A)         0.1 mg/l      
21FLSUW SUW275C1 7/16/1990 11:10:00 *Non-detect 300(A)         0.1 mg/l      
21FLSUW SUW275C1 8/16/1990 11:50:00 *Non-detect 300(A)         0.1 mg/l      
21FLSUW SUW275C1 9/13/1990 11:55:00 *Non-detect 300(A)         0.1 mg/l      
21FLSUW SUW275C1 10/16/1990 15:40:00 *Non-detect 300(A)         0.1 mg/l      
21FLSUW SUW275C1 11/14/1990 12:05:00 *Non-detect 300(A)         0.1 mg/l      
21FLSUW SUW275C1 12/12/1990 16:15:00 0.15 mg/l      300(A)         
21FLSUW SUW275C1 1/15/1991 13:05:00 0.12 mg/l      300(A)         
21FLSUW SUW275C1 2/21/1991 12:15:00 *Non-detect 300(A)         0.1 mg/l      
21FLSUW SUW275C1 3/21/1991 15:45:00 0.41 mg/l      300(A)         
21FLSUW SUW275C1 4/16/1991 13:00:00 0.12 mg/l      300(A)         
21FLSUW SUW275C1 5/14/1991 15:30:00 0.15 mg/l      300(A)         
21FLSUW SUW275C1 6/11/1991 13:19:00 0.22 mg/l      300(A)         
21FLSUW SUW275C1 7/16/1991 12:40:00 0.19 mg/l      300(A)         
21FLSUW SUW275C1 8/14/1991 12:50:00 0.1 mg/l      300(A)         
21FLSUW SUW275C1 9/10/1991 12:20:00 0.89 mg/l      300(A)         
21FLSUW SUW275C1 10/15/1991 11:00:00 0.176 mg/l      300(A)         
21FLSUW SUW275C1 11/13/1991 13:50:00 0.111 mg/l      300(A)         
21FLSUW SUW275C1 12/11/1991 13:45:00 0.127 mg/l      300(A)         
21FLSUW SUW275C1 1/14/1992 13:40:00 0.138 mg/l      300(A)         
21FLSUW SUW275C1 2/11/1992 12:05:00 0.14 mg/l      300(A)         
21FLSUW SUW275C1 3/10/1992 13:13:00 0.119 mg/l      300(A)         
21FLSUW SUW275C1 4/14/1992 12:00:00 0.111 mg/l      300(A)         
21FLSUW SUW275C1 5/11/1992 12:15:00 0.111 mg/l      300(A)         
21FLSUW SUW275C1 6/8/1992 12:30:00 0.116 mg/l      300(A)         
21FLSUW SUW275C1 7/14/1992 14:11:00 0.206 mg/l      300(A)         
21FLSUW SUW275C1 8/10/1992 12:07:00 0.153 mg/l      300(A)         
21FLSUW SUW275C1 9/7/1992 11:15:00 0.16 mg/l      300(A)         
21FLSUW SUW275C1 10/15/1992 14:10:00 0.215 mg/l      300(A)         
21FLSUW SUW275C1 2/4/1993 14:30:00 0.12 mg/l      300(A)         
21FLSUW SUW275C1 2/4/1993 14:35:00 0.122 mg/l      300(A)         
21FLSUW SUW275C1 2/4/1993 14:25:00 0.121 mg/l      300(A)         
21FLSUW SUW275C1 4/8/1993 14:40:00 0.135 mg/l      300(A)         
21FLSUW SUW275C1 4/8/1993 14:40:00 0.143 mg/l      300(A)         
21FLSUW SUW275C1 4/8/1993 14:40:00 0.136 mg/l      300(A)         
21FLSUW SUW275C1 6/3/1993 14:30:00 0.1 mg/l      300(A)         
21FLSUW SUW275C1 6/3/1993 14:50:00 0.1 mg/l      300(A)         
21FLSUW SUW275C1 6/3/1993 14:30:00 0.097 mg/l      300(A)         
21FLSUW SUW275C1 8/5/1993 14:44:00 0.153 mg/l      300(A)         
21FLSUW SUW275C1 8/5/1993 14:26:00 0.152 mg/l      300(A)         
21FLSUW SUW275C1 8/5/1993 14:26:00 0.151 mg/l      300(A)         
21FLSUW SUW275C1 11/11/1993 16:08:00 0.19 mg/l      300(A)         
21FLSUW SUW275C1 11/11/1993 16:04:00 0.184 mg/l      300(A)         
21FLSUW SUW275C1 11/11/1993 16:10:00 0.181 mg/l      300(A)         
21FLSUW SUW275C1 12/9/1993 13:50:00 0.169 mg/l      300(A)         
21FLSUW SUW275C1 12/9/1993 13:56:00 0.168 mg/l      300(A)         
21FLSUW SUW275C1 12/9/1993 14:03:00 0.167 mg/l      300(A)         
21FLSUW SUW275C1 2/10/1994 13:36:00 0.167 mg/l      300(A)         
21FLSUW SUW275C1 2/10/1994 13:23:00 0.164 mg/l      300(A)         
21FLSUW SUW275C1 2/10/1994 13:46:00 0.166 mg/l      300(A)         
21FLSUW SUW275C1 4/7/1994 13:51:00 0.168 mg/l      300(A)         
21FLSUW SUW275C1 4/7/1994 13:45:00 0.161 mg/l      300(A)         
21FLSUW SUW275C1 4/7/1994 13:35:00 0.164 mg/l      300(A)         
21FLSUW SUW275C1 6/7/1994 14:10:00 0.096 mg/l      300(A)         
21FLSUW SUW275C1 6/7/1994 14:20:00 0.099 mg/l      300(A)         
21FLSUW SUW275C1 6/7/1994 13:48:00 0.096 mg/l      300(A)         
21FLSUW SUW275C1 8/11/1994 11:40:00 0.175 mg/l      300(A)         
21FLSUW SUW275C1 8/11/1994 11:27:00 0.101 mg/l      300(A)         
21FLSUW SUW275C1 8/11/1994 11:55:00 0.168 mg/l      300(A)         



21FLSUW SUW275C1 12/8/1994 14:05:00 0.118 mg/l      300(A)         
21FLSUW SUW275C1 2/9/1995 15:23:00 0.097 mg/l      300(A)         
21FLSUW SUW275C1 4/4/1995 11:30:00 0.107 mg/l      300(A)         
21FLSUW SUW275C1 6/8/1995 13:50:00 0.083 mg/l      300(A)         
21FLSUW SUW275C1 8/14/1995 13:38:00 0.126 mg/l      300(A)         
21FLSUW SUW275C1 9/11/1995 15:30:00 0.131 mg/l      300(A)         
21FLSUW SUW275C1 12/13/1995 11:20:00 0.094 mg/l      300(A)         
21FLSUW SUW275C1 1/17/1996 11:42:00 0.12 mg/l      300(A)         
21FLSUW SUW275C1 2/15/1996 12:02:00 0.143 mg/l      300(A)         
21FLSUW SUW275C1 4/10/1996 11:10:00 0.146 mg/l      300(A)         
21FLSUW SUW275C1 6/12/1996 11:50:00 0.08 mg/l      300(A)         
21FLSUW SUW275C1 8/15/1996 11:45:00 0.119 mg/l      300(A)         
21FLSUW SUW275C1 9/12/1996 11:00:00 0.142 mg/l      300(A)         
21FLSUW SUW275C1 12/11/1996 11:08:00 0.122 mg/l      300(A)         
21FLSUW SUW275C1 2/20/1997 11:30:00 0.136 mg/l      300(A)         
21FLSUW SUW275C1 4/10/1997 10:20:00 0.107 mg/l      300(A)         
21FLSUW SUW275C1 6/12/1997 10:30:00 0.072 mg/l      300(A)         
21FLSUW SUW275C1 6/12/1997 10:32:00 0.1 mg/l      300(A)         
21FLSUW SUW275C1 8/15/1997 10:30:00 0.162 mg/l      300(A)         
21FLSUW SUW275C1 8/15/1997 10:28:00 0.166 mg/l      300(A)         
21FLSUW SUW275C1 12/17/1997 12:17:00 0.096 mg/l      300(A)         
21FLSUW SUW275C1 1/13/1998 9:38:00 0.108 mg/l      300(A)         
21FLSUW SUW275C1 2/10/1998 9:00:00 0.132 mg/l      300(A)         
21FLSUW SUW275C1 3/17/1998 10:37:00 0.159 mg/l      300(A)         
21FLSUW SUW275C1 4/13/1998 10:05:00 0.152 mg/l      300(A)         
21FLSUW SUW275C1 5/6/1998 9:33:00 0.08 mg/l      300(A)         
21FLSUW SUW275C1 6/3/1998 9:32:00 0.11 mg/l      300(A)         
21FLSUW SUW275C1 7/7/1998 9:44:00 0.084 mg/l      300(A)         
21FLSUW SUW275C1 8/11/1998 9:11:00 0.116 mg/l      300(A)         
21FLSUW SUW275C1 9/10/1998 10:15:00 0.181 mg/l      300(A)         
21FLSUW SUW275C1 10/15/1998 9:19:00 0.144 mg/l      300(A)         
21FLSUW SUW275C1 11/9/1998 9:33:00 0.089 mg/l      300(A)         
21FLSUW SUW275C1 12/28/1998 9:16:00 0.082 mg/l      300(A)         
21FLSUW SUW275C1 1/19/1999 9:38:00 0.102 mg/l      300(A)         
21FLSUW SUW275C1 2/3/1999 10:07:00 0.132 mg/l      300(A)         
21FLSUW SUW275C1 3/3/1999 9:10:00 0.09 mg/l      300(A)         
21FLSUW SUW275C1 6/15/1999 9:42:00 0.044 mg/l      300(A)         
21FLSUW SUW275C1 7/13/1999 10:11:00 0.089 mg/l      300(A)         
21FLSUW SUW275C1 8/18/1999 9:57:00 0.097 mg/l      300(A)         
21FLSUW SUW275C1 9/28/1999 10:24:00 0.065 mg/l      300(A)         
21FLSUW SUW275C1 10/11/1999 10:51:00 0.137 mg/l      300(A)         
21FLSUW SUW275C1 11/1/1999 9:57:00 0.075 mg/l      300(A)         
21FLSUW SUW275C1 12/20/1999 11:41:00 0.076 mg/l      300(A)         
21FLSUW SUW275C1 1/12/2000 14:53:00 0.079 mg/l      300(A)         
21FLSUW SUW275C1 1/12/2000 14:55:00 0.075 mg/l      300(A)         
21FLSUW SUW275C1 2/1/2000 8:30:00 0.086 mg/l      300(A)         
21FLSUW SUW275C1 3/9/2000 9:50:00 0.103 mg/l      300(A)         
21FLSUW SUW275C1 4/10/2000 10:27:00 0.11 mg/l      300(A)         
21FLSUW SUW275C1 5/1/2000 9:35:00 0.107 mg/l      300(A)         
21FLSUW SUW275C1 6/19/2000 14:18:00 0.038 mg/l      300(A)         
21FLSUW SUW275C1 7/19/2000 10:05:00 0.065 mg/l      300(A)         
21FLSUW SUW275C1 8/21/2000 9:43:00 0.113 mg/l      300(A)         
21FLSUW SUW275C1 9/12/2000 9:06:00 0.086 mg/l      300(A)         
21FLSUW SUW275C1 10/10/2000 14:30:00 0.108 mg/l      300(A)         
21FLSUW SUW275C1 11/15/2000 9:33:00 0.072 mg/l      300(A)         
21FLSUW SUW275C1 12/13/2000 14:23:00 0.087 mg/l      300(A)         
21FLSUW SUW275C1 2/8/2001 15:13:00 0.091 mg/l      300(A)         
21FLSUW SUW275C1 2/8/2001 15:11:00 0.091 mg/l      300(A)         
21FLSUW SUW275C1 3/8/2001 10:13:00 0.077 mg/l      300(A)         
21FLSUW SUW275C1 4/9/2001 14:49:00 0.115 mg/l      300(A)         
21FLSUW SUW275C1 5/15/2001 9:24:00 0.087 mg/l      300(A)         
21FLSUW SUW275C1 6/12/2001 11:06:00 0.059 mg/l      300(A)         
21FLSUW SUW275C1 7/17/2001 10:41:00 0.146 mg/l      300(A)         
21FLSUW SUW275C1 8/16/2001 10:03:00 0.142 mg/l      300(A)         



21FLSUW SUW275C1 9/13/2001 10:15:00 0.112 mg/l      300(A)         
21FLSUW SUW275C1 10/29/2001 14:48:00 0.11 mg/l      300(A)         
21FLSUW SUW275C1 11/15/2001 9:30:00 0.09 mg/l      300(A)         
21FLSUW SUW275C1 12/13/2001 9:49:00 0.12 mg/l      300(A)         
21FLSUW SUW275C1 1/16/2002 12:37:00 0.099 mg/l      300(A)         
21FLSUW SUW275C1 2/11/2002 10:16:00 0.212 mg/l      300(A)         
21FLSUW SUW275C1 3/11/2002 10:35:00 0.288 mg/l      300(A)         
21FLSUW SUW275C1 4/8/2002 10:53:00 0.224 mg/l      300(A)         
21FLSUW SUW275C1 5/14/2002 9:20:00 0.111 mg/l      300(A)         
21FLSUW SUW275C1 6/11/2002 10:46:00 0.081 mg/l      300(A)         
21FLSUW SUW275C1 7/15/2002 9:55:00 0.116 mg/l      300(A)         
21FLSUW SUW275C1 8/15/2002 10:35:00 0.145 mg/l      300(A)         
21FLSUW SUW275C1 9/12/2002 10:54:00 0.104 mg/l      300(A)         
21FLSUW SUW275C1 10/23/2002 10:50:00 0.08 mg/l      300(A)         
21FLSUW SUW275C1 11/18/2002 9:39:00 0.14 mg/l      300(A)         
21FLSUW SUW275C1 12/16/2002 11:20:00 0.18 mg/l      300(A)         
21FLSUW SUW275C1 1/14/2003 13:03:00 0.11 mg/l      300(A)         
21FLSUW SUW275C1 2/10/2003 11:26:00 0.1 mg/l      300(A)         
21FLSUW SUW275C1 3/10/2003 13:13:00 0.23 mg/l      300(A)         
21FLSUW SUW275C1 3/10/2003 13:11:00 0.22 mg/l      300(A)         
21FLSUW SUW275C1 4/14/2003 10:41:00 0.16 mg/l      300(A)         
21FLSUW SUW275C1 5/15/2003 16:52:00 0.12 mg/l      300(A)         
21FLSUW SUW275C1 5/15/2003 16:50:00 0.12 mg/l      300(A)         
21FLSUW SUW275C1 6/11/2003 10:54:00 0.14 mg/l      300(A)         
21FLSUW SUW275C1 7/8/2003 13:31:00 0.13 mg/l      300(A)         
21FLSUW SUW275C1 8/5/2003 10:38:00 0.152 mg/l      300(A)         
21FLSUW SUW275C1 9/10/2003 10:14:00 0.186 mg/l      300(A)         
21FLSUW SUW275C1 9/10/2003 10:16:00 0.181 mg/l      300(A)         
21FLSUW SUW275C1 10/8/2003 9:53:00 0.125 mg/l      300(A)         
21FLSUW SUW275C1 11/17/2003 8:39:00 0.136 mg/l      300(A)         
21FLSUW SUW275C1 12/15/2003 9:26:00 0.1 mg/l      300(A)         
21FLSUW SUW275C1 1/14/2004 12:01:00 0.177 mg/l      300(A)         
21FLSUW SUW275C1 2/9/2004 9:08:00 0.177 mg/l      300(A)         
21FLSUW SUW275C1 3/8/2004 9:01:00 0.135 mg/l      300(A)         
21FLSUW SUW275C1 4/15/2004 9:22:00 0.12 mg/l      300(A)         
21FLSUW SUW275C1 5/13/2004 14:14:00 0.173 mg/l      300(A)         
21FLSUW SUW275C1 6/10/2004 9:13:00 0.088 mg/l      300(A)         
21FLSUW SUW275C1 7/8/2004 12:00:00 0.131 mg/l      300(A)         
21FLSUW SUW275C1 8/11/2004 8:50:00 0.122 mg/l      300(A)         
21FLSUW SUW275C1 9/8/2004 11:07:00 0.102 mg/l      300(A)         
21FLSUW SUW275C1 10/13/2004 9:53:00 0.192 mg/l      300(A)         
21FLSUW SUW275C1 11/15/2004 10:09:00 0.131 mg/l      300(A)         
21FLSUW SUW275C1 12/13/2004 10:03:00 0.112 mg/l      300(A)         
21FLSUW SUW275C1 1/10/2005 13:54:00 0.12 mg/l      300(A)         
21FLSUW SUW275C1 2/3/2005 10:12:00 0.114 mg/l      300(A)         
21FLSUW SUW275C1 3/3/2005 9:40:00 0.124 mg/l      300(A)         
21FLSUW SUW275C1 4/18/2005 9:20:00 0.157 mg/l      300(A)         
21FLSUW SUW275C1 5/17/2005 14:55:00 0.128 mg/l      300(A)         
21FLSUW SUW275C1 6/14/2005 9:30:00 0.138 mg/l      300(A)         
21FLSUW SUW275C1 7/18/2005 12:12:00 0.171 mg/l      300(A)         
21FLSUW SUW275C1 8/11/2005 9:58:00 0.151 mg/l      300(A)         
21FLSUW SUW275C1 9/8/2005 9:40:00 0.13 mg/l      300(A)         
21FLSUW SUW275C1 10/12/2005 9:50:00 0.0974 mg/l      300(A)         
21FLSUW SUW275C1 11/22/2005 8:56:00 0.105 mg/l      300(A)         
21FLSUW SUW275C1 12/20/2005 9:56:00 0.145 mg/l      300(A)         
21FLSUW SUW275C1 1/10/2006 9:48:00 0.163 mg/l      300(A)         
21FLSUW SUW275C1 2/6/2006 10:10:00 0.111 mg/l      300(A)         
21FLSUW SUW275C1 3/6/2006 10:23:00 0.118 mg/l      300(A)         
21FLSUW SUW275C1 4/13/2006 10:19:00 0.104 mg/l      300(A)         
21FLSUW SUW275C1 5/16/2006 9:13:00 0.089 mg/l      300(A)         
21FLSUW SUW275C1 6/14/2006 9:24:00 0.087 mg/l      300(A)         
21FLSUW SUW275C1 7/12/2006 9:20:00 0.083 mg/l      300(A)         
21FLSUW SUW275C1 8/14/2006 9:42:00 0.0804 mg/l      300(A)         
21FLSUW SUW275C1 9/11/2006 9:37:00 0.0871 mg/l      300(A)         



21FLSUW SUW275C1 10/5/2006 10:13:00 0.097 mg/l      300(A)         
21FLSUW SUW275C1 11/13/2006 9:17:00 0.073 mg/l      300(A)         
21FLSUW SUW275C1 12/11/2006 9:37:00 0.11 mg/l      300(A)         
21FLSUW SUW275C1 1/11/2007 11:29:00 0.131 mg/l      300(A)         
21FLSUW SUW275C1 2/6/2007 10:30:00 0.125 mg/l      300(A)         
21FLSUW SUW275C1 3/6/2007 9:15:00 0.124 mg/l      300(A)         
21FLSUW SUW275C1 4/18/2007 9:45:00 0.0942 mg/l      300(A)         
21FLSUW SUW275C1 10/17/2007 12:15:00 0.128 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SUW275C1 11/14/2007 17:02:00 0.136 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SUW275C1 12/12/2007 13:52:00 0.109 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SUW275C1 1/15/2008 16:02:00 0.149 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SUW275C1 2/12/2008 14:43:00 0.101 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SUW275C1 3/18/2008 12:21:00 0.138 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SUW275C1 4/17/2008 14:24:00 0.142 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SUW275C1 5/13/2008 14:20:00 0.103 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SUW275C1 6/18/2008 13:00:00 0.09 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SUW275C1 7/23/2008 15:08:00 0.167 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SUW275C1 8/19/2008 15:33:00 0.106 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SUW275C1 9/17/2008 13:33:00 0.149 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SUW275C1 10/1/2008 14:08:00 0.11 mg/l      365.3 2.30E-03 mg/l      4.00E-03
21FLSUW SUW275C1 11/12/2008 11:07:00 0.1 mg/l      365.3 2.30E-03 mg/l      4.00E-03
21FLSUW SUW275C1 12/10/2008 13:40:00 0.12 mg/l      365.3 2.30E-03 mg/l      4.00E-03 V
21FLSUW SUW275C1 1/14/2009 12:29:00 0.084 mg/l      365.3 2.30E-03 mg/l      4.00E-03
21FLSUW SUW275C1 2/11/2009 10:32:00 0.088 mg/l      365.3 2.30E-03 mg/l      4.00E-03
21FLSUW SUW275C1 3/11/2009 10:20:00 0.11 mg/l      365.3 2.30E-03 mg/l      4.00E-03
21FLSUW SUW275C1 3/11/2009 10:28:00 0.0039 mg/l      365.3 2.30E-03 mg/l      4.00E-03 I
21FLSUW SUW275C1 3/11/2009 10:17:00 0.1 mg/l      365.3 2.30E-03 mg/l      4.00E-03

21FLSUW SUW285C1 10/11/1999 11:16:00 0.133 mg/l      300(A)         
21FLSUW SUW285C1 10/11/1999 11:14:00 0.133 mg/l      300(A)         
21FLSUW SUW285C1 11/1/1999 10:29:00 0.06 mg/l      300(A)         
21FLSUW SUW285C1 12/20/1999 14:05:00 0.078 mg/l      300(A)         
21FLSUW SUW285C1 1/12/2000 15:17:00 0.079 mg/l      300(A)         
21FLSUW SUW285C1 2/1/2000 8:52:00 0.09 mg/l      300(A)         
21FLSUW SUW285C1 3/9/2000 10:19:00 0.107 mg/l      300(A)         
21FLSUW SUW285C1 3/9/2000 10:21:00 0.111 mg/l      300(A)         
21FLSUW SUW285C1 4/10/2000 10:53:00 0.114 mg/l      300(A)         
21FLSUW SUW285C1 5/1/2000 9:57:00 0.1 mg/l      300(A)         
21FLSUW SUW285C1 6/19/2000 14:32:00 0.038 mg/l      300(A)         
21FLSUW SUW285C1 7/19/2000 10:21:00 0.069 mg/l      300(A)         
21FLSUW SUW285C1 8/21/2000 9:59:00 0.12 mg/l      300(A)         
21FLSUW SUW285C1 9/12/2000 9:21:00 0.083 mg/l      300(A)         
21FLSUW SUW285C1 9/12/2000 9:23:00 0.083 mg/l      300(A)         
21FLSUW SUW285C1 10/10/2000 14:55:00 0.115 mg/l      300(A)         
21FLSUW SUW285C1 10/10/2000 14:57:00 0.112 mg/l      300(A)         
21FLSUW SUW285C1 11/15/2000 8:55:00 0.069 mg/l      300(A)         
21FLSUW SUW285C1 12/13/2000 14:53:00 0.087 mg/l      300(A)         
21FLSUW SUW285C1 12/13/2000 14:51:00 0.083 mg/l      300(A)         
21FLSUW SUW285C1 2/8/2001 14:41:00 0.091 mg/l      300(A)         
21FLSUW SUW285C1 3/8/2001 10:34:00 0.073 mg/l      300(A)         
21FLSUW SUW285C1 4/9/2001 14:22:00 0.143 mg/l      300(A)         
21FLSUW SUW285C1 5/15/2001 9:48:00 0.087 mg/l      300(A)         
21FLSUW SUW285C1 6/12/2001 11:33:00 0.076 mg/l      300(A)         
21FLSUW SUW285C1 6/12/2001 11:31:00 0.076 mg/l      300(A)         
21FLSUW SUW285C1 7/17/2001 10:18:00 0.133 mg/l      300(A)         
21FLSUW SUW285C1 8/16/2001 10:29:00 0.149 mg/l      300(A)         
21FLSUW SUW285C1 9/13/2001 10:31:00 0.078 mg/l      300(A)         
21FLSUW SUW285C1 10/29/2001 14:19:00 0.11 mg/l      300(A)         
21FLSUW SUW285C1 11/15/2001 9:48:00 0.09 mg/l      300(A)         
21FLSUW SUW285C1 12/13/2001 10:50:00 0.1 mg/l      300(A)         
21FLSUW SUW285C1 1/16/2002 12:59:00 0.081 mg/l      300(A)         
21FLSUW SUW285C1 2/11/2002 10:34:00 0.212 mg/l      300(A)         
21FLSUW SUW285C1 3/11/2002 11:13:00 0.284 mg/l      300(A)         
21FLSUW SUW285C1 3/11/2002 11:11:00 0.288 mg/l      300(A)         



21FLSUW SUW285C1 4/8/2002 11:23:00 0.232 mg/l      300(A)         
21FLSUW SUW285C1 5/14/2002 9:40:00 0.105 mg/l      300(A)         
21FLSUW SUW285C1 6/11/2002 11:06:00 0.084 mg/l      300(A)         
21FLSUW SUW285C1 6/11/2002 11:08:00 0.091 mg/l      300(A)         
21FLSUW SUW285C1 7/15/2002 10:26:00 0.119 mg/l      300(A)         
21FLSUW SUW285C1 8/15/2002 10:59:00 0.106 mg/l      300(A)         
21FLSUW SUW285C1 9/12/2002 11:26:00 0.104 mg/l      300(A)         
21FLSUW SUW285C1 10/23/2002 11:16:00 0.08 mg/l      300(A)         
21FLSUW SUW285C1 11/18/2002 10:01:00 0.13 mg/l      300(A)         
21FLSUW SUW285C1 12/16/2002 11:40:00 0.16 mg/l      300(A)         
21FLSUW SUW285C1 1/14/2003 13:24:00 0.1 mg/l      300(A)         
21FLSUW SUW285C1 2/10/2003 11:47:00 0.1 mg/l      300(A)         
21FLSUW SUW285C1 3/10/2003 12:01:00 0.22 mg/l      300(A)         
21FLSUW SUW285C1 4/14/2003 10:58:00 0.16 mg/l      300(A)         
21FLSUW SUW285C1 5/15/2003 17:08:00 0.14 mg/l      300(A)         
21FLSUW SUW285C1 6/11/2003 11:18:00 0.14 mg/l      300(A)         
21FLSUW SUW285C1 6/11/2003 11:20:00 0.14 mg/l      300(A)         
21FLSUW SUW285C1 7/8/2003 13:55:00 0.13 mg/l      300(A)         
21FLSUW SUW285C1 8/5/2003 10:58:00 0.149 mg/l      300(A)         
21FLSUW SUW285C1 9/10/2003 10:39:00 0.192 mg/l      300(A)         
21FLSUW SUW285C1 10/8/2003 10:20:00 0.123 mg/l      300(A)         
21FLSUW SUW285C1 11/17/2003 9:00:00 0.139 mg/l      300(A)         
21FLSUW SUW285C1 12/15/2003 9:50:00 0.1 mg/l      300(A)         
21FLSUW SUW285C1 1/14/2004 12:24:00 0.18 mg/l      300(A)         
21FLSUW SUW285C1 2/9/2004 9:33:00 0.169 mg/l      300(A)         
21FLSUW SUW285C1 3/8/2004 9:22:00 0.123 mg/l      300(A)         
21FLSUW SUW285C1 4/15/2004 9:42:00 0.125 mg/l      300(A)         
21FLSUW SUW285C1 5/13/2004 13:24:00 0.185 mg/l      300(A)         
21FLSUW SUW285C1 5/13/2004 13:22:00 0.173 mg/l      300(A)         
21FLSUW SUW285C1 6/10/2004 9:35:00 0.089 mg/l      300(A)         
21FLSUW SUW285C1 6/10/2004 9:33:00 0.087 mg/l      300(A)         
21FLSUW SUW285C1 7/8/2004 11:37:00 0.133 mg/l      300(A)         
21FLSUW SUW285C1 8/11/2004 9:11:00 0.122 mg/l      300(A)         
21FLSUW SUW285C1 9/8/2004 12:06:00 0.088 mg/l      300(A)         
21FLSUW SUW285C1 9/8/2004 12:08:00 0.087 mg/l      300(A)         
21FLSUW SUW285C1 10/13/2004 10:28:00 0.217 mg/l      300(A)         
21FLSUW SUW285C1 10/13/2004 10:26:00 0.202 mg/l      300(A)         
21FLSUW SUW285C1 11/15/2004 11:00:00 0.109 mg/l      300(A)         
21FLSUW SUW285C1 12/13/2004 10:32:00 0.111 mg/l      300(A)         
21FLSUW SUW285C1 1/10/2005 14:16:00 0.118 mg/l      300(A)         
21FLSUW SUW285C1 2/3/2005 10:40:00 0.11 mg/l      300(A)         
21FLSUW SUW285C1 3/3/2005 10:26:00 0.126 mg/l      300(A)         
21FLSUW SUW285C1 4/18/2005 9:50:00 0.155 mg/l      300(A)         
21FLSUW SUW285C1 5/17/2005 15:15:00 0.12 mg/l      300(A)         
21FLSUW SUW285C1 6/14/2005 9:52:00 0.148 mg/l      300(A)         
21FLSUW SUW285C1 7/18/2005 12:33:00 0.158 mg/l      300(A)         
21FLSUW SUW285C1 8/11/2005 10:21:00 0.164 mg/l      300(A)         
21FLSUW SUW285C1 9/8/2005 10:06:00 0.135 mg/l      300(A)         
21FLSUW SUW285C1 10/12/2005 10:11:00 0.0872 mg/l      300(A)         
21FLSUW SUW285C1 10/12/2005 10:13:00 0.0951 mg/l      300(A)         
21FLSUW SUW285C1 11/22/2005 9:22:00 0.0984 mg/l      300(A)         
21FLSUW SUW285C1 11/22/2005 9:20:00 0.103 mg/l      300(A)         
21FLSUW SUW285C1 12/20/2005 10:21:00 0.142 mg/l      300(A)         
21FLSUW SUW285C1 1/10/2006 10:18:00 0.154 mg/l      300(A)         
21FLSUW SUW285C1 2/6/2006 10:39:00 0.107 mg/l      300(A)         
21FLSUW SUW285C1 3/6/2006 11:20:00 0.118 mg/l      300(A)         
21FLSUW SUW285C1 4/13/2006 10:44:00 0.102 mg/l      300(A)         
21FLSUW SUW285C1 5/16/2006 9:33:00 0.097 mg/l      300(A)         
21FLSUW SUW285C1 5/16/2006 9:35:00 0.094 mg/l      300(A)         
21FLSUW SUW285C1 6/14/2006 10:08:00 0.074 mg/l      300(A)         
21FLSUW SUW285C1 6/14/2006 10:06:00 0.08 mg/l      300(A)         
21FLSUW SUW285C1 7/12/2006 9:46:00 0.0971 mg/l      300(A)         
21FLSUW SUW285C1 8/14/2006 10:07:00 0.0788 mg/l      300(A)         
21FLSUW SUW285C1 9/11/2006 10:15:00 0.09 mg/l      300(A)         



21FLSUW SUW285C1 9/11/2006 10:13:00 0.0862 mg/l      300(A)         
21FLSUW SUW285C1 10/5/2006 10:48:00 0.108 mg/l      300(A)         
21FLSUW SUW285C1 11/13/2006 9:48:00 0.087 mg/l      300(A)         
21FLSUW SUW285C1 12/11/2006 10:03:00 0.116 mg/l      300(A)         
21FLSUW SUW285C1 1/11/2007 11:58:00 0.139 mg/l      300(A)         
21FLSUW SUW285C1 2/6/2007 11:00:00 0.126 mg/l      300(A)         
21FLSUW SUW285C1 3/6/2007 9:46:00 0.115 mg/l      300(A)         
21FLSUW SUW285C1 4/18/2007 10:13:00 0.0959 mg/l      300(A)         
21FLSUW SUW285C1 10/17/2007 11:50:00 0.125 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SUW285C1 11/14/2007 17:35:00 0.138 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SUW285C1 12/12/2007 13:14:00 0.109 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SUW285C1 1/15/2008 16:20:00 0.147 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SUW285C1 2/12/2008 13:50:00 0.104 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SUW285C1 3/18/2008 12:34:00 0.133 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SUW285C1 4/1/2008 14:29:00 0.107 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SUW285C1 5/13/2008 14:07:00 0.1 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SUW285C1 6/10/2008 13:47:00 0.092 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SUW285C1 7/23/2008 14:41:00 0.152 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SUW285C1 8/20/2008 11:44:00 0.114 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SUW285C1 9/17/2008 12:21:00 0.146 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SUW285C1 10/1/2008 13:45:00 0.11 mg/l      365.3 2.30E-03 mg/l      4.00E-03
21FLSUW SUW285C1 11/12/2008 11:19:00 0.11 mg/l      365.3 2.30E-03 mg/l      4.00E-03
21FLSUW SUW285C1 12/10/2008 13:16:00 0.12 mg/l      365.3 2.30E-03 mg/l      4.00E-03 V
21FLSUW SUW285C1 1/14/2009 12:50:00 0.085 mg/l      365.3 2.30E-03 mg/l      4.00E-03
21FLSUW SUW285C1 2/11/2009 11:59:00 0.087 mg/l      365.3 2.30E-03 mg/l      4.00E-03
21FLSUW SUW285C1 3/11/2009 12:31:00 0.1 mg/l      365.3 2.30E-03 mg/l      4.00E-03

21FLSUW SUW305C1 2/13/1990 11:30:00 0.14 mg/l      300(A)         
21FLSUW SUW305C1 3/13/1990 10:30:00 0.12 mg/l      300(A)         
21FLSUW SUW305C1 4/17/1990 10:15:00 0.15 mg/l      300(A)         
21FLSUW SUW305C1 5/15/1990 9:45:00 0.14 mg/l      300(A)         
21FLSUW SUW305C1 6/12/1990 11:55:00 *Non-detect 300(A)         0.1 mg/l      
21FLSUW SUW305C1 7/16/1990 10:00:00 *Non-detect 300(A)         0.1 mg/l      
21FLSUW SUW305C1 8/16/1990 10:32:00 *Non-detect 300(A)         0.1 mg/l      
21FLSUW SUW305C1 9/13/1990 10:52:00 0.14 mg/l      300(A)         
21FLSUW SUW305C1 10/16/1990 14:25:00 *Non-detect 300(A)         0.1 mg/l      
21FLSUW SUW305C1 11/14/1990 14:45:00 *Non-detect 300(A)         0.1 mg/l      
21FLSUW SUW305C1 12/12/1990 15:15:00 0.21 mg/l      300(A)         
21FLSUW SUW305C1 1/15/1991 11:50:00 0.12 mg/l      300(A)         
21FLSUW SUW305C1 2/21/1991 14:00:00 *Non-detect 300(A)         0.1 mg/l      
21FLSUW SUW305C1 3/21/1991 17:00:00 0.22 mg/l      300(A)         
21FLSUW SUW305C1 4/16/1991 14:10:00 0.12 mg/l      300(A)         
21FLSUW SUW305C1 5/14/1991 13:55:00 0.13 mg/l      300(A)         
21FLSUW SUW305C1 6/11/1991 14:45:00 0.33 mg/l      300(A)         
21FLSUW SUW305C1 7/16/1991 13:10:00 0.2 mg/l      300(A)         
21FLSUW SUW305C1 8/14/1991 14:30:00 0.15 mg/l      300(A)         
21FLSUW SUW305C1 9/10/1991 13:35:00 1.2 mg/l      300(A)         
21FLSUW SUW305C1 10/15/1991 12:00:00 0.158 mg/l      300(A)         
21FLSUW SUW305C1 11/13/1991 14:50:00 0.104 mg/l      300(A)         
21FLSUW SUW305C1 12/11/1991 15:20:00 0.131 mg/l      300(A)         
21FLSUW SUW305C1 1/14/1992 14:38:00 0.124 mg/l      300(A)         
21FLSUW SUW305C1 2/11/1992 13:15:00 0.136 mg/l      300(A)         
21FLSUW SUW305C1 3/10/1992 13:13:00 0.116 mg/l      300(A)         
21FLSUW SUW305C1 4/14/1992 13:00:00 0.111 mg/l      300(A)         
21FLSUW SUW305C1 5/11/1992 13:30:00 0.124 mg/l      300(A)         
21FLSUW SUW305C1 6/8/1992 14:20:00 0.114 mg/l      300(A)         
21FLSUW SUW305C1 7/14/1992 15:10:00 0.204 mg/l      300(A)         
21FLSUW SUW305C1 8/10/1992 13:00:00 0.148 mg/l      300(A)         
21FLSUW SUW305C1 9/7/1992 12:15:00 0.158 mg/l      300(A)         
21FLSUW SUW305C1 10/11/1999 11:47:00 0.137 mg/l      300(A)         
21FLSUW SUW305C1 11/1/1999 11:02:00 0.064 mg/l      300(A)         
21FLSUW SUW305C1 12/20/1999 13:45:00 0.07 mg/l      300(A)         
21FLSUW SUW305C1 12/20/1999 13:47:00 0.07 mg/l      300(A)         
21FLSUW SUW305C1 1/12/2000 15:38:00 0.079 mg/l      300(A)         



21FLSUW SUW305C1 2/1/2000 9:16:00 0.082 mg/l      300(A)         
21FLSUW SUW305C1 2/1/2000 9:14:00 0.082 mg/l      300(A)         
21FLSUW SUW305C1 3/9/2000 10:54:00 0.111 mg/l      300(A)         
21FLSUW SUW305C1 4/10/2000 11:39:00 0.11 mg/l      300(A)         
21FLSUW SUW305C1 4/10/2000 11:37:00 0.106 mg/l      300(A)         
21FLSUW SUW305C1 5/1/2000 10:21:00 0.107 mg/l      300(A)         
21FLSUW SUW305C1 5/1/2000 10:19:00 0.103 mg/l      300(A)         
21FLSUW SUW305C1 6/19/2000 15:05:00 0.057 mg/l      300(A)         
21FLSUW SUW305C1 6/19/2000 15:07:00 0.057 mg/l      300(A)         
21FLSUW SUW305C1 7/19/2000 10:45:00 0.065 mg/l      300(A)         
21FLSUW SUW305C1 8/21/2000 10:29:00 0.12 mg/l      300(A)         
21FLSUW SUW305C1 8/21/2000 10:27:00 0.117 mg/l      300(A)         
21FLSUW SUW305C1 9/12/2000 9:53:00 0.079 mg/l      300(A)         
21FLSUW SUW305C1 10/10/2000 15:24:00 0.112 mg/l      300(A)         
21FLSUW SUW305C1 11/15/2000 8:11:00 0.072 mg/l      300(A)         
21FLSUW SUW305C1 12/13/2000 15:47:00 0.062 mg/l      300(A)         
21FLSUW SUW305C1 2/8/2001 14:07:00 0.102 mg/l      300(A)         
21FLSUW SUW305C1 3/7/2001 11:35:00 0.073 mg/l      300(A)         
21FLSUW SUW305C1 3/7/2001 11:37:00 0.077 mg/l      300(A)         
21FLSUW SUW305C1 4/9/2001 13:57:00 0.143 mg/l      300(A)         
21FLSUW SUW305C1 5/15/2001 10:23:00 0.094 mg/l      300(A)         
21FLSUW SUW305C1 5/15/2001 10:21:00 0.084 mg/l      300(A)         
21FLSUW SUW305C1 6/12/2001 12:35:00 0.069 mg/l      300(A)         
21FLSUW SUW305C1 7/17/2001 10:00:00 0.14 mg/l      300(A)         
21FLSUW SUW305C1 8/16/2001 10:53:00 0.156 mg/l      300(A)         
21FLSUW SUW305C1 8/16/2001 10:55:00 0.153 mg/l      300(A)         
21FLSUW SUW305C1 9/13/2001 11:32:00 0.098 mg/l      300(A)         
21FLSUW SUW305C1 10/29/2001 12:06:00 0.12 mg/l      300(A)         
21FLSUW SUW305C1 11/15/2001 10:29:00 0.09 mg/l      300(A)         
21FLSUW SUW305C1 12/13/2001 11:54:00 0.116 mg/l      300(A)         
21FLSUW SUW305C1 1/16/2002 13:33:00 0.091 mg/l      300(A)         
21FLSUW SUW305C1 2/11/2002 12:30:00 0.208 mg/l      300(A)         
21FLSUW SUW305C1 3/11/2002 12:03:00 0.319 mg/l      300(A)         
21FLSUW SUW305C1 4/8/2002 12:52:00 0.228 mg/l      300(A)         
21FLSUW SUW305C1 5/14/2002 10:11:00 0.102 mg/l      300(A)         
21FLSUW SUW305C1 6/11/2002 12:45:00 0.078 mg/l      300(A)         
21FLSUW SUW305C1 7/15/2002 10:44:00 0.113 mg/l      300(A)         
21FLSUW SUW305C1 8/15/2002 12:11:00 0.119 mg/l      300(A)         
21FLSUW SUW305C1 8/15/2002 12:09:00 0.119 mg/l      300(A)         
21FLSUW SUW305C1 9/12/2002 12:38:00 0.111 mg/l      300(A)         
21FLSUW SUW305C1 9/12/2002 12:40:00 0.114 mg/l      300(A)         
21FLSUW SUW305C1 10/23/2002 12:17:00 0.09 mg/l      300(A)         
21FLSUW SUW305C1 11/18/2002 10:39:00 0.12 mg/l      300(A)         
21FLSUW SUW305C1 12/16/2002 13:15:00 0.13 mg/l      300(A)         
21FLSUW SUW305C1 1/14/2003 13:44:00 0.13 mg/l      300(A)         
21FLSUW SUW305C1 1/14/2003 13:42:00 0.11 mg/l      300(A)         
21FLSUW SUW305C1 2/10/2003 13:05:00 0.11 mg/l      300(A)         
21FLSUW SUW305C1 3/10/2003 10:23:00 0.26 mg/l      300(A)         
21FLSUW SUW305C1 4/14/2003 11:52:00 0.25 mg/l      300(A)         
21FLSUW SUW305C1 5/15/2003 17:20:00 0.13 mg/l      300(A)         
21FLSUW SUW305C1 6/11/2003 13:25:00 0.13 mg/l      300(A)         
21FLSUW SUW305C1 7/8/2003 14:37:00 0.13 mg/l      300(A)         
21FLSUW SUW305C1 8/5/2003 12:33:00 0.168 mg/l      300(A)         
21FLSUW SUW305C1 9/10/2003 11:03:00 0.18 mg/l      300(A)         
21FLSUW SUW305C1 10/8/2003 11:26:00 0.123 mg/l      300(A)         
21FLSUW SUW305C1 11/17/2003 9:29:00 0.139 mg/l      300(A)         
21FLSUW SUW305C1 12/15/2003 12:05:00 0.1 mg/l      300(A)         
21FLSUW SUW305C1 1/14/2004 12:48:00 0.162 mg/l      300(A)         
21FLSUW SUW305C1 2/9/2004 12:39:00 0.162 mg/l      300(A)         
21FLSUW SUW305C1 3/8/2004 10:31:00 0.134 mg/l      300(A)         
21FLSUW SUW305C1 4/15/2004 11:03:00 0.115 mg/l      300(A)         
21FLSUW SUW305C1 5/13/2004 12:54:00 0.172 mg/l      300(A)         
21FLSUW SUW305C1 6/10/2004 11:10:00 0.092 mg/l      300(A)         
21FLSUW SUW305C1 7/8/2004 12:29:00 0.132 mg/l      300(A)         



21FLSUW SUW305C1 8/11/2004 10:29:00 0.113 mg/l      300(A)         
21FLSUW SUW305C1 8/11/2004 10:27:00 0.123 mg/l      300(A)         
21FLSUW SUW305C1 9/8/2004 13:15:00 0.103 mg/l      300(A)         
21FLSUW SUW305C1 10/13/2004 11:35:00 0.205 mg/l      300(A)         
21FLSUW SUW305C1 11/15/2004 12:07:00 0.108 mg/l      300(A)         
21FLSUW SUW305C1 11/15/2004 12:05:00 0.102 mg/l      300(A)         
21FLSUW SUW305C1 12/13/2004 12:26:00 0.085 mg/l      300(A)         
21FLSUW SUW305C1 1/10/2005 14:41:00 0.108 mg/l      300(A)         
21FLSUW SUW305C1 2/3/2005 12:12:00 0.108 mg/l      300(A)         
21FLSUW SUW305C1 2/3/2005 12:10:00 0.118 mg/l      300(A)         
21FLSUW SUW305C1 3/3/2005 11:59:00 0.125 mg/l      300(A)         
21FLSUW SUW305C1 4/18/2005 8:45:00 0.155 mg/l      300(A)         
21FLSUW SUW305C1 5/17/2005 15:45:00 0.127 mg/l      300(A)         
21FLSUW SUW305C1 6/14/2005 11:38:00 0.138 mg/l      300(A)         
21FLSUW SUW305C1 7/18/2005 12:59:00 0.176 mg/l      300(A)         
21FLSUW SUW305C1 7/18/2005 12:57:00 0.167 mg/l      300(A)         
21FLSUW SUW305C1 8/11/2005 11:38:00 0.168 mg/l      300(A)         
21FLSUW SUW305C1 9/8/2005 11:53:00 0.138 mg/l      300(A)         
21FLSUW SUW305C1 9/8/2005 11:55:00 0.126 mg/l      300(A)         
21FLSUW SUW305C1 10/12/2005 11:18:00 0.0973 mg/l      300(A)         
21FLSUW SUW305C1 11/22/2005 10:03:00 0.101 mg/l      300(A)         
21FLSUW SUW305C1 12/20/2005 14:34:00 0.14 mg/l      300(A)         
21FLSUW SUW305C1 1/10/2006 10:48:00 0.156 mg/l      300(A)         
21FLSUW SUW305C1 2/6/2006 12:06:00 0.108 mg/l      300(A)         
21FLSUW SUW305C1 3/6/2006 12:57:00 0.117 mg/l      300(A)         
21FLSUW SUW305C1 4/13/2006 11:52:00 0.091 mg/l      300(A)         
21FLSUW SUW305C1 5/16/2006 10:05:00 0.092 mg/l      300(A)         
21FLSUW SUW305C1 6/14/2006 12:24:00 0.074 mg/l      300(A)         
21FLSUW SUW305C1 7/12/2006 10:13:00 0.072 mg/l      300(A)         
21FLSUW SUW305C1 7/12/2006 10:11:00 0.0824 mg/l      300(A)         
21FLSUW SUW305C1 8/14/2006 11:37:00 0.0875 mg/l      300(A)         
21FLSUW SUW305C1 9/11/2006 11:39:00 0.0829 mg/l      300(A)         
21FLSUW SUW305C1 10/5/2006 11:58:00 0.112 mg/l      300(A)         
21FLSUW SUW305C1 11/13/2006 10:34:00 0.079 mg/l      300(A)         
21FLSUW SUW305C1 11/13/2006 10:32:00 0.073 mg/l      300(A)         
21FLSUW SUW305C1 12/11/2006 12:23:00 0.117 mg/l      300(A)         
21FLSUW SUW305C1 1/11/2007 12:23:00 0.147 mg/l      300(A)         
21FLSUW SUW305C1 2/6/2007 12:41:00 0.121 mg/l      300(A)         
21FLSUW SUW305C1 2/6/2007 12:43:00 0.145 mg/l      300(A)         
21FLSUW SUW305C1 3/6/2007 11:19:00 0.108 mg/l      300(A)         
21FLSUW SUW305C1 4/18/2007 11:20:00 0.0959 mg/l      300(A)         
21FLSUW SUW305C1 10/17/2007 11:20:00 *Non-detect 365.3 6.00E-03 mg/l      6.00E-03 U
21FLSUW SUW305C1 11/14/2007 16:08:00 0.131 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SUW305C1 12/12/2007 12:14:00 0.106 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SUW305C1 1/15/2008 16:32:00 0.144 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SUW305C1 2/12/2008 13:05:00 0.106 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SUW305C1 3/18/2008 13:59:00 0.131 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SUW305C1 4/1/2008 14:09:00 *Non-detect 365.3 6.00E-03 mg/l      6.00E-03 U
21FLSUW SUW305C1 4/1/2008 13:59:00 0.11 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SUW305C1 4/1/2008 14:02:00 0.107 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SUW305C1 5/13/2008 13:31:00 0.097 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SUW305C1 6/10/2008 12:11:00 0.087 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SUW305C1 7/23/2008 14:16:00 0.136 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SUW305C1 7/23/2008 14:20:00 0.138 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SUW305C1 8/20/2008 10:59:00 0.135 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SUW305C1 9/17/2008 11:15:00 *Non-detect 365.3 6.00E-03 mg/l      6.00E-03 U
21FLSUW SUW305C1 9/17/2008 11:06:00 0.156 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SUW305C1 9/17/2008 11:09:00 0.154 mg/l      365.3 6.00E-03 mg/l      6.00E-03
21FLSUW SUW305C1 10/1/2008 11:13:00 0.12 mg/l      365.3 2.30E-03 mg/l      4.00E-03
21FLSUW SUW305C1 12/10/2008 12:09:00 0.12 mg/l      365.3 2.30E-03 mg/l      4.00E-03 V
21FLSUW SUW305C1 1/14/2009 13:03:00 0.077 mg/l      365.3 2.30E-03 mg/l      4.00E-03
21FLSUW SUW305C1 2/11/2009 13:32:00 0.085 mg/l      365.3 2.30E-03 mg/l      4.00E-03
21FLSUW SUW305C1 3/11/2009 11:19:00 0.1 mg/l      365.3 2.30E-03 mg/l      4.00E-03



21FLSUW SUW410C1 5/15/1990 10:40:00 0.13 mg/l      300(A)         
21FLSUW SUW410C1 6/12/1990 12:30:00 *Non-detect 300(A)         0.1 mg/l      
21FLSUW SUW410C1 7/16/1990 10:40:00 *Non-detect 300(A)         0.1 mg/l      
21FLSUW SUW410C1 8/16/1990 11:20:00 *Non-detect 300(A)         0.1 mg/l      
21FLSUW SUW410C1 9/13/1990 11:20:00 0.11 mg/l      300(A)         
21FLSUW SUW410C1 10/16/1990 15:10:00 *Non-detect 300(A)         0.1 mg/l      
21FLSUW SUW410C1 11/14/1990 15:20:00 *Non-detect 300(A)         0.1 mg/l      
21FLSUW SUW410C1 12/12/1990 15:45:00 0.18 mg/l      300(A)         
21FLSUW SUW410C1 1/15/1991 12:25:00 0.14 mg/l      300(A)         
21FLSUW SUW410C1 2/21/1991 13:15:00 *Non-detect 300(A)         0.1 mg/l      
21FLSUW SUW410C1 3/21/1991 16:30:00 0.19 mg/l      300(A)         
21FLSUW SUW410C1 4/16/1991 13:40:00 0.12 mg/l      300(A)         
21FLSUW SUW410C1 5/14/1991 13:25:00 0.11 mg/l      300(A)         
21FLSUW SUW410C1 6/11/1991 15:20:00 0.22 mg/l      300(A)         
21FLSUW SUW410C1 7/16/1991 14:10:00 0.18 mg/l      300(A)         
21FLSUW SUW410C1 8/14/1991 15:10:00 0.12 mg/l      300(A)         
21FLSUW SUW410C1 9/10/1991 13:10:00 0.19 mg/l      300(A)         
21FLSUW SUW410C1 10/15/1991 12:50:00 0.168 mg/l      300(A)         
21FLSUW SUW410C1 11/13/1991 14:30:00 0.107 mg/l      300(A)         
21FLSUW SUW410C1 12/11/1991 14:45:00 0.13 mg/l      300(A)         
21FLSUW SUW410C1 1/14/1992 14:10:00 0.116 mg/l      300(A)         
21FLSUW SUW410C1 2/11/1992 12:35:00 0.135 mg/l      300(A)         
21FLSUW SUW410C1 3/10/1992 13:13:00 0.117 mg/l      300(A)         
21FLSUW SUW410C1 4/14/1992 12:30:00 0.116 mg/l      300(A)         
21FLSUW SUW410C1 5/11/1992 13:00:00 0.131 mg/l      300(A)         
21FLSUW SUW410C1 6/8/1992 13:00:00 0.108 mg/l      300(A)         
21FLSUW SUW410C1 7/14/1992 14:36:00 0.215 mg/l      300(A)         
21FLSUW SUW410C1 8/10/1992 12:30:00 0.152 mg/l      300(A)         
21FLSUW SUW410C1 9/7/1992 11:45:00 0.155 mg/l      300(A)         

Note:
Analytical Procedure - The abbreviated name or identifying code of the analytical procedure.
MDL - MINIMUM DETECTION LIMIT - Refers to the least amount of the target substance that could be detected 
by the instrument or analytical process that was used to determine the result. Above this value, the target substance is presumed to be present.
VQ - VALUE QUALIFIER - A code describing specific quality assurance conditions as reported by the data provider. 
Where applicable, following definitions apply. 
I - The reported value is between the laboratory method detection limit and the laboratory practical quantitation limit.
U - Indicates that the compound was analyzed for but not detected. This symbol shall be used to indicate that the specified component 
was not detected. The value associated with the qualifier shall be the laboratory method detection limit. Unless requested by the client, 
less than the method detection limit values shall not be reported.
V - Indicates that the analyte was detected in both the sample and the associated method blank. 



Total Coliform
Source: Florida Department of Environmental Protection, 2009

Org ID Station ID Date Time Value Units Analytical MDL MDL Units PQL VQ
Procedure

21FLSUW SRE060C1 10/3/1995 14:26:00 800 #/100ml   9222-B         
21FLSUW SRE060C1 11/16/1995 15:55:00 110 #/100ml   9222-B         
21FLSUW SRE060C1 11/16/1995 15:53:00 90 #/100ml   9222-B         
21FLSUW SRE060C1 12/6/1995 12:15:00 270 #/100ml   9222-B         
21FLSUW SRE060C1 1/10/1996 12:20:00 60 #/100ml   9222-B         
21FLSUW SRE060C1 1/10/1996 12:18:00 120 #/100ml   9222-B         
21FLSUW SRE060C1 2/7/1996 11:48:00 100 #/100ml   9222-B         
21FLSUW SRE060C1 2/7/1996 11:46:00 126 #/100ml   9222-B         
21FLSUW SRE060C1 3/6/1996 11:23:00 420 #/100ml   9222-B         
21FLSUW SRE060C1 4/3/1996 11:35:00 70 #/100ml   9222-B         
21FLSUW SRE060C1 5/16/1996 12:13:00 *Non-detect 9222-B         100 #/100ml   
21FLSUW SRE060C1 5/16/1996 12:16:00 *Non-detect 9222-B         100 #/100ml   
21FLSUW SRE060C1 6/13/1996 12:15:00 80 #/100ml   9222-B         
21FLSUW SRE060C1 6/13/1996 12:20:00 190 #/100ml   9222-B         
21FLSUW SRE060C1 7/18/1996 10:31:00 1100 #/100ml   9222-B         
21FLSUW SRE060C1 8/22/1996 11:11:00 700 #/100ml   9222-B         
21FLSUW SRE060C1 8/22/1996 11:06:00 1300 #/100ml   9222-B         
21FLSUW SRE060C1 9/19/1996 11:08:00 1600 #/100ml   9222-B         
21FLSUW SRE060C1 10/11/1996 11:14:00 900 #/100ml   9222-B         
21FLSUW SRE060C1 11/6/1996 11:52:00 120 #/100ml   9222-B         
21FLSUW SRE060C1 11/6/1996 11:50:00 500 #/100ml   9222-B         
21FLSUW SRE060C1 12/4/1996 11:34:00 120 #/100ml   9222-B         
21FLSUW SRE060C1 1/23/1997 11:00:00 600 #/100ml   9222-B         
21FLSUW SRE060C1 3/12/1997 11:03:00 300 #/100ml   9222-B         
21FLSUW SRE060C1 4/3/1997 12:36:00 100 #/100ml   9222-B         
21FLSUW SRE060C1 5/7/1997 11:38:00 400 #/100ml   9222-B         
21FLSUW SRE060C1 6/4/1997 11:26:00 1000 #/100ml   9222-B         
21FLSUW SRE060C1 7/14/1997 12:11:00 190 #/100ml   9222-B         
21FLSUW SRE060C1 8/7/1997 10:43:00 1000 #/100ml   9222-B         
21FLSUW SRE060C1 9/9/1997 11:49:00 454 #/100ml   9222-B         
21FLSUW SRE060C1 10/2/1997 11:56:00 1270 #/100ml   9222-B         
21FLSUW SRE060C1 11/11/1997 13:20:00 *Non-detect 9222-B         1000 #/100ml   
21FLSUW SRE060C1 11/11/1997 13:22:00 2000 #/100ml   9222-B         
21FLSUW SRE060C1 12/9/1997 12:06:00 *Non-detect 9222-B         10 #/100ml   
21FLSUW SRE060C1 1/13/1998 14:14:00 100 #/100ml   9222-B         
21FLSUW SRE060C1 2/10/1998 14:06:00 90 #/100ml   9222-B         
21FLSUW SRE060C1 3/17/1998 14:37:00 81 #/100ml   9222-B         
21FLSUW SRE060C1 3/17/1998 14:39:00 210 #/100ml   9222-B         
21FLSUW SRE060C1 4/13/1998 14:58:00 117 #/100ml   9222-B         
21FLSUW SRE060C1 5/6/1998 13:52:00 200 #/100ml   9222-B         
21FLSUW SRE060C1 6/3/1998 14:06:00 *Non-detect 9222-B         1000 #/100ml   
21FLSUW SRE060C1 7/7/1998 14:00:00 *Non-detect 9222-B         100 #/100ml   
21FLSUW SRE060C1 7/7/1998 14:03:00 190 #/100ml   9222-B         
21FLSUW SRE060C1 8/11/1998 13:43:00 1000 #/100ml   9222-B         
21FLSUW SRE060C1 9/10/1998 12:39:00 1000 #/100ml   9222-B         
21FLSUW SRE060C1 10/15/1998 13:21:00 400 #/100ml   9222-B         
21FLSUW SRE060C1 11/5/1998 12:30:00 *Non-detect 9222-B         100 #/100ml   
21FLSUW SRE060C1 12/28/1998 14:22:00 100 #/100ml   9222-B         
21FLSUW SRE060C1 1/19/1999 12:15:00 500 #/100ml   9222-B         
21FLSUW SRE060C1 2/3/1999 12:51:00 136 #/100ml   9222-B         
21FLSUW SRE060C1 3/3/1999 13:21:00 64 #/100ml   9222-B         
21FLSUW SRE060C1 6/15/1999 13:58:00 27 #/100ml   9222-B         
21FLSUW SRE060C1 6/15/1999 14:06:00 273 #/100ml   9222-B         
21FLSUW SRE060C1 7/13/1999 13:22:00 45 #/100ml   9222-B         
21FLSUW SRE060C1 7/13/1999 13:35:00 45 #/100ml   9222-B         
21FLSUW SRE060C1 9/28/1999 13:58:00 520 #/100ml   9222-B         



21FLSUW SRE060C1 9/28/1999 13:54:00 450 #/100ml   9222-B         
21FLSUW SRE060C1 9/28/1999 13:56:00 390 #/100ml   9222-B         

21FLSUW SRE080C1 10/3/1995 17:25:00 100 #/100ml   9222-B         
21FLSUW SRE080C1 11/16/1995 15:31:00 40 #/100ml   9222-B         
21FLSUW SRE080C1 12/6/1995 13:08:00 50 #/100ml   9222-B         
21FLSUW SRE080C1 12/6/1995 13:12:00 170 #/100ml   9222-B         
21FLSUW SRE080C1 1/10/1996 13:36:00 80 #/100ml   9222-B         
21FLSUW SRE080C1 2/7/1996 12:48:00 40 #/100ml   9222-B         
21FLSUW SRE080C1 3/6/1996 12:18:00 130 #/100ml   9222-B         
21FLSUW SRE080C1 3/6/1996 12:16:00 190 #/100ml   9222-B         
21FLSUW SRE080C1 4/3/1996 12:38:00 20 #/100ml   9222-B         
21FLSUW SRE080C1 4/3/1996 12:34:00 60 #/100ml   9222-B         
21FLSUW SRE080C1 5/16/1996 13:27:00 *Non-detect 9222-B         100 #/100ml   
21FLSUW SRE080C1 6/13/1996 13:34:00 30 #/100ml   9222-B         
21FLSUW SRE080C1 6/13/1996 13:30:00 20 #/100ml   9222-B         
21FLSUW SRE080C1 7/18/1996 11:37:00 500 #/100ml   9222-B         
21FLSUW SRE080C1 7/18/1996 11:40:00 700 #/100ml   9222-B         
21FLSUW SRE080C1 8/22/1996 12:06:00 200 #/100ml   9222-B         
21FLSUW SRE080C1 9/19/1996 11:58:00 800 #/100ml   9222-B         
21FLSUW SRE080C1 10/11/1996 12:11:00 100 #/100ml   9222-B         
21FLSUW SRE080C1 11/6/1996 13:00:00 300 #/100ml   9222-B         
21FLSUW SRE080C1 11/6/1996 12:59:00 400 #/100ml   9222-B         
21FLSUW SRE080C1 12/4/1996 12:26:00 120 #/100ml   9222-B         
21FLSUW SRE080C1 1/23/1997 12:10:00 200 #/100ml   9222-B         
21FLSUW SRE080C1 2/12/1997 12:37:00 450 #/100ml   9222-B         
21FLSUW SRE080C1 2/12/1997 12:39:00 200 #/100ml   9222-B         
21FLSUW SRE080C1 3/12/1997 11:31:00 *Non-detect 9222-B         1000 #/100ml   
21FLSUW SRE080C1 4/3/1997 13:52:00 300 #/100ml   9222-B         
21FLSUW SRE080C1 4/3/1997 13:49:00 300 #/100ml   9222-B         
21FLSUW SRE080C1 5/7/1997 12:41:00 182 #/100ml   9222-B         
21FLSUW SRE080C1 5/7/1997 12:43:00 381 #/100ml   9222-B         
21FLSUW SRE080C1 6/4/1997 12:30:00 1000 #/100ml   9222-B         
21FLSUW SRE080C1 7/14/1997 13:22:00 2000 #/100ml   9222-B         
21FLSUW SRE080C1 7/14/1997 13:26:00 100 #/100ml   9222-B         
21FLSUW SRE080C1 8/7/1997 11:46:00 1910 #/100ml   9222-B         
21FLSUW SRE080C1 9/9/1997 13:04:00 4000 #/100ml   9222-B         
21FLSUW SRE080C1 10/2/1997 11:34:00 1000 #/100ml   9222-B         
21FLSUW SRE080C1 11/11/1997 14:47:00 1000 #/100ml   9222-B         
21FLSUW SRE080C1 11/11/1997 14:50:00 182 #/100ml   9222-B         
21FLSUW SRE080C1 12/9/1997 14:39:00 *Non-detect 9222-B         100 #/100ml   
21FLSUW SRE080C1 1/13/1998 13:28:00 300 #/100ml   9222-B         
21FLSUW SRE080C1 1/13/1998 13:26:00 286 #/100ml   9222-B         
21FLSUW SRE080C1 2/10/1998 13:34:00 36 #/100ml   9222-B         
21FLSUW SRE080C1 3/17/1998 15:48:00 700 #/100ml   9222-B         
21FLSUW SRE080C1 3/17/1998 15:52:00 171 #/100ml   9222-B         
21FLSUW SRE080C1 4/13/1998 16:08:00 100 #/100ml   9222-B         
21FLSUW SRE080C1 4/13/1998 16:10:00 300 #/100ml   9222-B         
21FLSUW SRE080C1 5/6/1998 14:19:00 200 #/100ml   9222-B         
21FLSUW SRE080C1 6/3/1998 15:06:00 *Non-detect 9222-B         1000 #/100ml   
21FLSUW SRE080C1 7/7/1998 15:21:00 *Non-detect 9222-B         100 #/100ml   
21FLSUW SRE080C1 7/7/1998 15:19:00 1000 #/100ml   9222-B         
21FLSUW SRE080C1 8/11/1998 13:15:00 1000 #/100ml   9222-B         
21FLSUW SRE080C1 9/10/1998 13:39:00 *Non-detect 9222-B         1000 #/100ml   
21FLSUW SRE080C1 10/15/1998 14:28:00 800 #/100ml   9222-B         
21FLSUW SRE080C1 10/15/1998 14:27:00 1100 #/100ml   9222-B         
21FLSUW SRE080C1 11/9/1998 13:34:00 909 #/100ml   9222-B         
21FLSUW SRE080C1 11/9/1998 13:32:00 400 #/100ml   9222-B         
21FLSUW SRE080C1 12/28/1998 13:42:00 200 #/100ml   9222-B         
21FLSUW SRE080C1 12/28/1998 13:44:00 200 #/100ml   9222-B         
21FLSUW SRE080C1 1/19/1999 12:44:00 364 #/100ml   9222-B         
21FLSUW SRE080C1 2/3/1999 13:46:00 *Non-detect 9222-B         100 #/100ml   
21FLSUW SRE080C1 3/3/1999 14:43:00 54 #/100ml   9222-B         



21FLSUW SRE080C1 3/3/1999 14:47:00 90 #/100ml   9222-B         
21FLSUW SRE080C1 6/15/1999 15:18:00 *Non-detect 9222-B         10 #/100ml   
21FLSUW SRE080C1 7/13/1999 14:57:00 *Non-detect 9222-B         10 #/100ml   
21FLSUW SRE080C1 7/13/1999 14:47:00 55 #/100ml   9222-B         
21FLSUW SRE080C1 8/18/1999 13:54:00 1460 #/100ml   9222-B         
21FLSUW SRE080C1 9/28/1999 15:22:00 20 #/100ml   9222-B         
21FLSUW SRE080C1 9/28/1999 15:24:00 18 #/100ml   9222-B         
21FLSUW SRE080C1 10/29/2001 11:35:00 10 #/100ml   9222-B         
21FLSUW SRE080C1 12/13/2001 14:50:00 145 #/100ml   9222-B         
21FLSUW SRE080C1 12/13/2001 15:01:00 181 #/100ml   9222-B         
21FLSUW SRE080C1 2/11/2002 14:18:00 2100 #/100ml   9222-B         
21FLSUW SRE080C1 4/8/2002 15:23:00 9 #/100ml   9222-B         
21FLSUW SRE080C1 6/11/2002 15:07:00 *Non-detect 9222-B         0 #/100ml   
21FLSUW SRE080C1 8/15/2002 14:22:00 220 #/100ml   9222-B         
21FLSUW SRE080C1 2/10/2003 14:53:00 140 #/100ml   9222-B         
21FLSUW SRE080C1 4/14/2003 13:27:00 1200 #/100ml   9222-B         
21FLSUW SRE080C1 6/11/2003 15:58:00 1120 #/100ml   9222-B         
21FLSUW SRE080C1 10/8/2003 13:17:00 440 #/100ml   9222-B         
21FLSUW SRE080C1 2/9/2004 12:15:00 570 #/100ml   9222-B         
21FLSUW SRE080C1 4/15/2004 12:46:00 570 #/100ml   9222-B         
21FLSUW SRE080C1 8/11/2004 11:40:00 480 #/100ml   9222-B         
21FLSUW SRE080C1 12/13/2004 14:48:00 5500 #/100ml   9222-B         
21FLSUW SRE080C1 2/3/2005 13:47:00 800 #/100ml   9222-B         
21FLSUW SRE080C1 4/18/2005 12:40:00 3300 #/100ml   9222-B         

21FLSUW SUW275C1 2/13/1990 12:10:00 10 #/100ml   9222-B         
21FLSUW SUW275C1 3/13/1990 10:55:00 40 #/100ml   9222-B         
21FLSUW SUW275C1 4/17/1990 11:00:00 80 #/100ml   9222-B         
21FLSUW SUW275C1 5/15/1990 13:07:00 2 #/100ml   9222-B         
21FLSUW SUW275C1 6/12/1990 13:00:00 15 #/100ml   9222-B         
21FLSUW SUW275C1 7/16/1990 11:10:00 *Non-detect 9222-B         1 #/100ml   
21FLSUW SUW275C1 8/16/1990 11:50:00 *Non-detect 9222-B         1 #/100ml   
21FLSUW SUW275C1 9/13/1990 11:55:00 150 #/100ml   9222-B         
21FLSUW SUW275C1 10/16/1990 15:40:00 280 #/100ml   9222-B         
21FLSUW SUW275C1 11/14/1990 12:05:00 3700 #/100ml   9222-B         
21FLSUW SUW275C1 12/12/1990 16:15:00 60 #/100ml   9222-B         
21FLSUW SUW275C1 1/15/1991 13:05:00 1200 #/100ml   9222-B         
21FLSUW SUW275C1 4/10/1996 11:10:00 10 #/100ml   9222-B         
21FLSUW SUW275C1 10/9/1996 11:06:00 1200 #/100ml   9222-B         
21FLSUW SUW275C1 2/20/1997 11:30:00 300 #/100ml   9222-B         
21FLSUW SUW275C1 4/10/1997 10:20:00 100 #/100ml   9222-B         
21FLSUW SUW275C1 6/12/1997 10:30:00 273 #/100ml   9222-B         
21FLSUW SUW275C1 8/15/1997 10:28:00 310 #/100ml   9222-B         
21FLSUW SUW275C1 10/11/1999 10:51:00 243 #/100ml   9222-B         
21FLSUW SUW275C1 11/1/1999 9:57:00 2200 #/100ml   9222-B         
21FLSUW SUW275C1 12/20/1999 11:41:00 63 #/100ml   9222-B         
21FLSUW SUW275C1 1/12/2000 14:55:00 45 #/100ml   9222-B         
21FLSUW SUW275C1 1/12/2000 14:53:00 27 #/100ml   9222-B         
21FLSUW SUW275C1 2/1/2000 8:30:00 27 #/100ml   9222-B         
21FLSUW SUW275C1 3/9/2000 9:50:00 70 #/100ml   9222-B         
21FLSUW SUW275C1 4/10/2000 10:27:00 72 #/100ml   9222-B         
21FLSUW SUW275C1 5/1/2000 9:35:00 72 #/100ml   9222-B         
21FLSUW SUW275C1 6/19/2000 14:18:00 450 #/100ml   9222-B         
21FLSUW SUW275C1 7/19/2000 10:05:00 260 #/100ml   9222-B         
21FLSUW SUW275C1 8/21/2000 9:43:00 1270 #/100ml   9222-B         
21FLSUW SUW275C1 9/12/2000 9:06:00 260 #/100ml   9222-B         
21FLSUW SUW275C1 10/10/2000 14:30:00 63 #/100ml   9222-B         
21FLSUW SUW275C1 11/15/2000 9:33:00 145 #/100ml   9222-B         
21FLSUW SUW275C1 12/13/2000 14:23:00 290 #/100ml   9222-B         
21FLSUW SUW275C1 2/8/2001 15:11:00 136 #/100ml   9222-B         
21FLSUW SUW275C1 3/8/2001 10:13:00 72 #/100ml   9222-B         
21FLSUW SUW275C1 5/15/2001 9:24:00 190 #/100ml   9222-B         
21FLSUW SUW275C1 6/12/2001 11:06:00 260 #/100ml   9222-B         



21FLSUW SUW275C1 7/17/2001 10:41:00 173 #/100ml   9222-B         
21FLSUW SUW275C1 8/16/2001 10:03:00 1190 #/100ml   9222-B         
21FLSUW SUW275C1 9/13/2001 10:15:00 1730 #/100ml   9222-B         
21FLSUW SUW275C1 10/29/2001 14:48:00 110 #/100ml   9222-B         
21FLSUW SUW275C1 11/15/2001 9:30:00 158 #/100ml   9222-B         
21FLSUW SUW275C1 12/13/2001 9:49:00 430 #/100ml   9222-B         
21FLSUW SUW275C1 1/16/2002 12:37:00 260 #/100ml   9222-B         
21FLSUW SUW275C1 2/11/2002 10:16:00 2800 #/100ml   9222-B         
21FLSUW SUW275C1 3/11/2002 10:35:00 90 #/100ml   9222-B         
21FLSUW SUW275C1 4/8/2002 10:53:00 154 #/100ml   9222-B         
21FLSUW SUW275C1 5/14/2002 9:20:00 300 #/100ml   9222-B         
21FLSUW SUW275C1 6/11/2002 10:46:00 127 #/100ml   9222-B         
21FLSUW SUW275C1 7/15/2002 9:55:00 270 #/100ml   9222-B         
21FLSUW SUW275C1 8/15/2002 10:35:00 127 #/100ml   9222-B         
21FLSUW SUW275C1 9/12/2002 10:54:00 145 #/100ml   9222-B         
21FLSUW SUW275C1 1/14/2003 13:03:00 20 #/100ml   9222-B         
21FLSUW SUW275C1 4/14/2003 10:41:00 490 #/100ml   9222-B         
21FLSUW SUW275C1 7/8/2003 13:31:00 300 #/100ml   9222-B         
21FLSUW SUW275C1 10/8/2003 9:53:00 600 #/100ml   9222-B         
21FLSUW SUW275C1 2/9/2004 9:08:00 440 #/100ml   9222-B         
21FLSUW SUW275C1 4/15/2004 9:22:00 550 #/100ml   9222-B         
21FLSUW SUW275C1 7/8/2004 12:00:00 1800 #/100ml   9222-B         
21FLSUW SUW275C1 11/15/2004 10:09:00 2200 #/100ml   9222-B         
21FLSUW SUW275C1 1/10/2005 13:54:00 1600 #/100ml   9222-B         
21FLSUW SUW275C1 4/18/2005 9:20:00 1800 #/100ml   9222-B         
21FLSUW SUW275C1 7/18/2005 12:12:00 400 #/100ml   9222-B         

21FLSUW SUW285C1 10/11/1999 11:16:00 636 #/100ml   9222-B         
21FLSUW SUW285C1 10/11/1999 11:14:00 570 #/100ml   9222-B         
21FLSUW SUW285C1 11/1/1999 10:29:00 2500 #/100ml   9222-B         
21FLSUW SUW285C1 12/20/1999 14:05:00 181 #/100ml   9222-B         
21FLSUW SUW285C1 1/12/2000 15:17:00 54 #/100ml   9222-B         
21FLSUW SUW285C1 2/1/2000 8:52:00 40 #/100ml   9222-B         
21FLSUW SUW285C1 3/9/2000 10:19:00 45 #/100ml   9222-B         
21FLSUW SUW285C1 3/9/2000 10:21:00 90 #/100ml   9222-B         
21FLSUW SUW285C1 4/10/2000 10:53:00 189 #/100ml   9222-B         
21FLSUW SUW285C1 5/1/2000 9:57:00 100 #/100ml   9222-B         
21FLSUW SUW285C1 6/19/2000 14:32:00 636 #/100ml   9222-B         
21FLSUW SUW285C1 7/19/2000 10:21:00 570 #/100ml   9222-B         
21FLSUW SUW285C1 8/21/2000 9:59:00 1270 #/100ml   9222-B         
21FLSUW SUW285C1 9/12/2000 9:21:00 390 #/100ml   9222-B         
21FLSUW SUW285C1 9/12/2000 9:23:00 410 #/100ml   9222-B         
21FLSUW SUW285C1 10/10/2000 14:55:00 63 #/100ml   9222-B         
21FLSUW SUW285C1 10/10/2000 14:57:00 108 #/100ml   9222-B         
21FLSUW SUW285C1 11/15/2000 8:55:00 420 #/100ml   9222-B         
21FLSUW SUW285C1 12/13/2000 14:51:00 280 #/100ml   9222-B         
21FLSUW SUW285C1 12/13/2000 14:53:00 300 #/100ml   9222-B         
21FLSUW SUW285C1 2/8/2001 14:41:00 40 #/100ml   9222-B         
21FLSUW SUW285C1 3/8/2001 10:34:00 40 #/100ml   9222-B         
21FLSUW SUW285C1 4/9/2001 14:22:00 200 #/100ml   9222-B         
21FLSUW SUW285C1 5/15/2001 9:48:00 145 #/100ml   9222-B         
21FLSUW SUW285C1 6/12/2001 11:31:00 153 #/100ml   9222-B         
21FLSUW SUW285C1 7/17/2001 10:18:00 240 #/100ml   9222-B         
21FLSUW SUW285C1 8/16/2001 10:29:00 2900 #/100ml   9222-B         
21FLSUW SUW285C1 9/13/2001 10:31:00 1180 #/100ml   9222-B         
21FLSUW SUW285C1 10/29/2001 14:19:00 100 #/100ml   9222-B         
21FLSUW SUW285C1 11/15/2001 9:48:00 1 #/100ml   9222-B         
21FLSUW SUW285C1 12/13/2001 10:50:00 220 #/100ml   9222-B         
21FLSUW SUW285C1 1/16/2002 12:59:00 200 #/100ml   9222-B         
21FLSUW SUW285C1 2/11/2002 10:34:00 6400 #/100ml   9222-B         
21FLSUW SUW285C1 3/11/2002 11:11:00 136 #/100ml   9222-B         
21FLSUW SUW285C1 3/11/2002 11:13:00 81 #/100ml   9222-B         
21FLSUW SUW285C1 4/8/2002 11:23:00 118 #/100ml   9222-B         



21FLSUW SUW285C1 5/14/2002 9:40:00 290 #/100ml   9222-B         
21FLSUW SUW285C1 6/11/2002 11:06:00 136 #/100ml   9222-B         
21FLSUW SUW285C1 6/11/2002 11:08:00 130 #/100ml   9222-B         
21FLSUW SUW285C1 7/15/2002 10:26:00 430 #/100ml   9222-B         
21FLSUW SUW285C1 8/15/2002 10:59:00 220 #/100ml   9222-B         
21FLSUW SUW285C1 9/12/2002 11:26:00 360 #/100ml   9222-B         
21FLSUW SUW285C1 4/14/2003 10:58:00 40 #/100ml   9222-B         
21FLSUW SUW285C1 7/8/2003 13:55:00 110 #/100ml   9222-B         
21FLSUW SUW285C1 10/8/2003 10:20:00 560 #/100ml   9222-B         
21FLSUW SUW285C1 2/9/2004 9:33:00 320 #/100ml   9222-B         
21FLSUW SUW285C1 4/15/2004 9:42:00 610 #/100ml   9222-B         
21FLSUW SUW285C1 7/8/2004 11:37:00 2000 #/100ml   9222-B         
21FLSUW SUW285C1 11/15/2004 11:00:00 2100 #/100ml   9222-B         
21FLSUW SUW285C1 1/10/2005 14:16:00 1200 #/100ml   9222-B         
21FLSUW SUW285C1 4/18/2005 9:50:00 2100 #/100ml   9222-B         
21FLSUW SUW285C1 7/18/2005 12:33:00 500 #/100ml   9222-B         

21FLSUW SUW305C1 2/13/1990 11:30:00 40 #/100ml   9222-B         
21FLSUW SUW305C1 3/13/1990 10:30:00 130 #/100ml   9222-B         
21FLSUW SUW305C1 4/17/1990 10:15:00 80 #/100ml   9222-B         
21FLSUW SUW305C1 5/15/1990 9:45:00 20 #/100ml   9222-B         
21FLSUW SUW305C1 6/12/1990 11:55:00 37 #/100ml   9222-B         
21FLSUW SUW305C1 7/16/1990 10:00:00 *Non-detect 9222-B         1 #/100ml   
21FLSUW SUW305C1 8/16/1990 10:32:00 *Non-detect 9222-B         1 #/100ml   
21FLSUW SUW305C1 10/16/1990 14:25:00 580 #/100ml   9222-B         
21FLSUW SUW305C1 11/14/1990 14:45:00 12000 #/100ml   9222-B         
21FLSUW SUW305C1 12/12/1990 15:15:00 140 #/100ml   9222-B         
21FLSUW SUW305C1 1/15/1991 11:50:00 1300 #/100ml   9222-B         
21FLSUW SUW305C1 10/11/1999 11:47:00 1000 #/100ml   9222-B         
21FLSUW SUW305C1 11/1/1999 11:02:00 2180 #/100ml   9222-B         
21FLSUW SUW305C1 12/20/1999 13:45:00 230 #/100ml   9222-B         
21FLSUW SUW305C1 12/20/1999 13:47:00 250 #/100ml   9222-B         
21FLSUW SUW305C1 1/12/2000 15:38:00 100 #/100ml   9222-B         
21FLSUW SUW305C1 2/1/2000 9:14:00 727 #/100ml   9222-B         
21FLSUW SUW305C1 3/9/2000 10:54:00 45 #/100ml   9222-B         
21FLSUW SUW305C1 4/10/2000 11:39:00 108 #/100ml   9222-B         
21FLSUW SUW305C1 4/10/2000 11:37:00 163 #/100ml   9222-B         
21FLSUW SUW305C1 5/1/2000 10:21:00 *Non-detect 9222-B         10 #/100ml   
21FLSUW SUW305C1 5/1/2000 10:19:00 126 #/100ml   9222-B         
21FLSUW SUW305C1 6/19/2000 15:07:00 260 #/100ml   9222-B         
21FLSUW SUW305C1 6/19/2000 15:05:00 54 #/100ml   9222-B         
21FLSUW SUW305C1 7/19/2000 10:45:00 440 #/100ml   9222-B         
21FLSUW SUW305C1 8/21/2000 10:27:00 1180 #/100ml   9222-B         
21FLSUW SUW305C1 9/12/2000 9:53:00 1900 #/100ml   9222-B         
21FLSUW SUW305C1 10/10/2000 15:24:00 136 #/100ml   9222-B         
21FLSUW SUW305C1 11/15/2000 8:11:00 660 #/100ml   9222-B         
21FLSUW SUW305C1 12/13/2000 15:47:00 480 #/100ml   9222-B         
21FLSUW SUW305C1 2/8/2001 14:07:00 10 #/100ml   9222-B         
21FLSUW SUW305C1 3/7/2001 11:37:00 90 #/100ml   9222-B         
21FLSUW SUW305C1 3/7/2001 11:35:00 50 #/100ml   9222-B         
21FLSUW SUW305C1 4/9/2001 13:57:00 200 #/100ml   9222-B         
21FLSUW SUW305C1 5/15/2001 10:21:00 170 #/100ml   9222-B         
21FLSUW SUW305C1 6/12/2001 12:35:00 260 #/100ml   9222-B         
21FLSUW SUW305C1 7/17/2001 10:00:00 510 #/100ml   9222-B         
21FLSUW SUW305C1 8/16/2001 10:53:00 2800 #/100ml   9222-B         
21FLSUW SUW305C1 8/16/2001 10:55:00 480 #/100ml   9222-B         
21FLSUW SUW305C1 9/13/2001 11:32:00 1540 #/100ml   9222-B         
21FLSUW SUW305C1 10/29/2001 12:06:00 127 #/100ml   9222-B         
21FLSUW SUW305C1 11/15/2001 10:29:00 154 #/100ml   9222-B         
21FLSUW SUW305C1 12/13/2001 11:54:00 220 #/100ml   9222-B         
21FLSUW SUW305C1 1/16/2002 13:33:00 162 #/100ml   9222-B         
21FLSUW SUW305C1 2/11/2002 12:30:00 1730 #/100ml   9222-B         
21FLSUW SUW305C1 3/11/2002 12:03:00 136 #/100ml   9222-B         



21FLSUW SUW305C1 4/8/2002 12:52:00 118 #/100ml   9222-B         
21FLSUW SUW305C1 5/14/2002 10:11:00 350 #/100ml   9222-B         
21FLSUW SUW305C1 6/11/2002 12:45:00 27 #/100ml   9222-B         
21FLSUW SUW305C1 7/15/2002 10:44:00 260 #/100ml   9222-B         
21FLSUW SUW305C1 8/15/2002 12:09:00 290 #/100ml   9222-B         
21FLSUW SUW305C1 8/15/2002 12:11:00 200 #/100ml   9222-B         
21FLSUW SUW305C1 9/12/2002 12:38:00 320 #/100ml   9222-B         
21FLSUW SUW305C1 1/14/2003 13:42:00 30 #/100ml   9222-B         
21FLSUW SUW305C1 4/14/2003 11:52:00 310 #/100ml   9222-B         
21FLSUW SUW305C1 7/8/2003 14:37:00 40 #/100ml   9222-B         
21FLSUW SUW305C1 10/8/2003 11:26:00 680 #/100ml   9222-B         
21FLSUW SUW305C1 2/9/2004 12:39:00 250 #/100ml   9222-B         
21FLSUW SUW305C1 4/15/2004 11:03:00 620 #/100ml   9222-B         
21FLSUW SUW305C1 7/8/2004 12:29:00 2400 #/100ml   9222-B         
21FLSUW SUW305C1 11/15/2004 12:05:00 5900 #/100ml   9222-B         
21FLSUW SUW305C1 1/10/2005 14:41:00 2700 #/100ml   9222-B         
21FLSUW SUW305C1 4/18/2005 8:45:00 1300 #/100ml   9222-B         
21FLSUW SUW305C1 7/18/2005 12:57:00 200 #/100ml   9222-B         

21FLSUW SUW410C1 5/15/1990 10:40:00 90 #/100ml   9222-B         
21FLSUW SUW410C1 6/12/1990 12:30:00 29 #/100ml   9222-B         
21FLSUW SUW410C1 7/16/1990 10:40:00 20 #/100ml   9222-B         
21FLSUW SUW410C1 8/16/1990 11:20:00 *Non-detect 9222-B         1 #/100ml   
21FLSUW SUW410C1 9/13/1990 11:20:00 160 #/100ml   9222-B         
21FLSUW SUW410C1 10/16/1990 15:10:00 50 #/100ml   9222-B         
21FLSUW SUW410C1 11/14/1990 15:20:00 340 #/100ml   9222-B         
21FLSUW SUW410C1 12/12/1990 15:45:00 90 #/100ml   9222-B         
21FLSUW SUW410C1 1/15/1991 12:25:00 770 #/100ml   9222-B         

Note:
Analytical Procedure - The abbreviated name or identifying code of the analytical procedure.
MDL - MINIMUM DETECTION LIMIT - Refers to the least amount of the target substance that could be detected 
by the instrument or analytical process that was used to determine the result. Above this value, the target substance is presumed to be present.
VQ - VALUE QUALIFIER - A code describing specific quality assurance conditions as reported by the data provider. 
Where applicable, following definitions apply. 
I - The reported value is between the laboratory method detection limit and the laboratory practical quantitation limit.
U - Indicates that the compound was analyzed for but not detected. This symbol shall be used to indicate that the specified component 
was not detected. The value associated with the qualifier shall be the laboratory method detection limit. Unless requested by the client, 
less than the method detection limit values shall not be reported.
V - Indicates that the analyte was detected in both the sample and the associated method blank. 



 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX B –  
2009 WATER QUALITY SAMPLING RESULTS 



Town of Suwannee Water Quality Sampling
Water Quality Analysis Results for Entercocci

Results are presented in colonies/100 ml 

Sample Event Station ID
Date Number S-1 S-2 S-3 S-4 S-5 S-6 S-7 S-8 S-9 S-10

5/26/09 1 89 110 68 19 230 79 30 36 37 27
6/1/09 2 2100 56 78 33 87 87 14 23 15 11
6/8/09 3 750 84 82 70 570 73 40 37 29 19

6/15/09 4 9 120 120 1150 120 210 41 17 19 10
6/22/09 5 13 72 77 89 390 118 77 47 27 77
6/29/09 6 1U* 350 140 53 220 171 41 31 22 17
7/6/09 7 1 41 53 240 200 43 47 40 52 73

7/13/09 8 460 180 68 8 73 57 43 33 43 48

*U - analyte not detected at or above the method detection limit



Town of Suwannee Water Quality Sampling
Water Quality Parameters: In-situ  measurements

STATION: S2
Parameters Date-Time 5/26/2009 6/1/09 15:25 6/8/09 9:50 6/15/09 14:20 6/22/09 8:16 6/29/09 14:45 7/6/09 8:05 7/13/09 12:30

Sampling Depth ft 3 2 1 3.0 2.0 1.0 4.0 2.5 1.0 4.0 2.5 1.0 5.0 3.0 1.0 5.0 3.0 1.0 5.0 3.0 1.0 4.0 2.5 1.0
Specific conductance uS/cm 606 602 606 328 357 372 192 192 192 235 230 190 356 385 372 806 502 461 555 546 535 844 573 555

Temperature o C 24.19 24.23 24.22 26.07 26.74 27.04 25.35 25.39 25.44 27.77 27.96 28.51 28.17 28.39 28.49 28.21 28.89 29.09 28.28 28.22 28.20 27.02 27.49 28.37
pH su 7.54 7.51 7.50 7.31 7.36 7.39 6.88 6.87 6.86 7.05 7.05 7.11 6.77 7.34 7.33 7.35 7.42 7.37 7.18 7.68 7.64 7.09 7.33 7.38

Dissolved Oxygen mg/L 5.39 5.36 5.36 6.39 7.94 9.10 4.15 4.28 4.40 3.92 4.16 4.40 3.36 3.54 3.81 3.68 4.06 4.21 3.95 4.50 4.74 4.14 5.53 6.21

STATION: S3
Parameters Date-Time 5/26/2009 6/1/09 15:40 6/8/09 10:14 6/15/09 14:44 6/22/09 8:31 6/29/09 15:00 7/6/09 8:20 7/13/09 12:42

Sampling Depth ft 4 2.5 1 2.0 1.5 1.0 5.0 3.0 1.0 4.0 2.5 1.0 5.0 3.0 1.0 4.0 2.5 1.0 5.0 3.0 1.0 3.0 2.0 1.0
Specific conductance uS/cm 435 440 439 210 208 209 192 191 192 172 173 173 269 271 275 329 330 333 383 380 381 381 385 387

Temperature o C 23.72 23.73 23.72 27.20 27.20 27.17 25.35 25.36 25.36 28.14 28.12 28.12 28.39 28.39 28.42 28.95 28.97 29.03 27.90 27.90 27.90 27.16 27.43 27.41
pH su 7.64 7.51 7.51 7.38 7.35 7.24 6.85 6.86 6.86 7.15 7.11 7.06 7.26 7.22 7.20 7.32 7.30 7.29 7.53 7.54 7.53 7.46 7.40 7.36

Dissolved Oxygen mg/L 5.13 5.07 5.12 5.89 5.90 5.95 4.30 4.13 4.02 4.48 4.64 4.66 3.99 4.11 3.90 4.29 4.39 4.25 4.46 4.45 4.57 4.97 5.25 5.17

STATION: S4
Parameters Date-Time 5/26/2009 10:30 6/1/09 13:45 6/8/09 11:40 6/15/09 12:44 6/22/09 9:40 6/29/09 13:10 7/6/09 10:50 7/13/09 10:54

Sampling Depth ft 3 2 1 2.0 1.5 1.0 3.5 2.0 1.0 2.5 2.0 1.0 3.0 2.0 1.0 3.0 2.0 1.0 5.5 3.3 1.0 2.5 2.0 1.0
Specific conductance uS/cm 420 413 411 409 410 410 374 370 370 247 245 245 246 246 246 368 366 366 364 368 370 360 359 359

Temperature o C 24.91 25.08 25.15 27.19 27.18 27.15 26.05 26.21 26.37 28.41 28.54 28.83 29.43 29.64 29.73 28.61 28.67 28.78 28.65 28.79 28.95 27.92 28.01 28.29
pH su 7.93 7.96 8.08 7.41 7.42 7.42 7.11 7.10 7.10 7.07 7.05 7.06 7.24 7.23 7.22 7.40 7.33 7.30 7.61 7.54 7.50 7.58 7.61 7.60

Dissolved Oxygen mg/L 8.77 8.60 10.95 6.07 6.10 6.15 2.69 2.88 3.39 3.49 3.62 3.81 3.64 3.70 3.80 2.87 3.26 3.54 1.63 2.92 3.66 8.31 8.33 8.36

STATION: S5
Parameters Date-Time 5/26/2009 8:50 6/1/09 15:17 6/8/09 9:32 6/15/09 14:05 6/22/09 8:04 6/29/09 14:33 7/6/09 7:55 7/13/09 0:20

Sampling Depth ft 3 2 1 2.0 1.5 1.0 4.0 2.5 1.0 3.0 2.0 1.0 5.0 3.0 1.0 4.0 2.5 1.0 5.0 3.0 1.0 3.0 2.0 1.0
Specific conductance uS/cm 706 704 705 214 213 214 199 198 198 180 180 179 352 352 351 432 422 423 522 522 521 438 439 437

Temperature o C 23.84 23.82 23.83 27.51 27.54 27.52 25.29 25.28 25.28 28.41 28.45 28.47 28.47 28.47 28.47 29.01 29.08 29.04 28.09 28.10 28.10 27.29 27.33 27.35
pH su 7.33 7.37 7.38 7.26 7.24 7.23 6.87 6.86 6.86 7.14 7.08 7.01 7.09 7.05 7.06 7.27 7.27 7.25 7.35 7.34 7.39 7.33 7.31 7.31

Dissolved Oxygen mg/L 4.84 5.05 4.95 5.69 5.74 5.72 4.24 4.25 4.22 4.40 4.45 4.52 3.99 3.96 3.98 4.83 4.70 4.71 4.41 4.43 4.43 5.05 5.11 5.00

STATION: S6
Parameters Date-Time 5/26/2009 6/1/09 15:05 6/8/09 9:15 6/15/09 13:55 6/22/09 7:48 6/29/09 14:17 7/6/09 7:40 7/13/09 0:10

Sampling Depth ft 5 2.5 1 4.5 3.0 1.0 5.0 3.0 1.0 5.0 3.0 1.0 6.0 3.0 1.0 5.0 3.0 1.0 5.0 3.0 1.0 5.0 3.0 1.0
Specific conductance uS/cm 375 375 374 251 265 268 189 189 188 174 171 172 235 231 223 279 283 288 358 359 362 365 365 362

Temperature o C 23.7 23.7 23.71 26.99 27.16 27.22 25.17 25.18 25.21 27.87 27.88 27.90 28.57 28.57 28.59 28.68 28.72 28.78 28.12 28.09 28.11 27.02 27.01 27.10
pH su 7.38 7.4 7.41 7.16 7.16 7.18 6.87 6.86 6.86 7.13 7.08 7.05 7.07 7.09 7.09 7.22 7.20 7.20 7.37 7.41 7.41 7.29 7.28 7.27

Dissolved Oxygen mg/L 5.08 5.04 5.02 5.78 5.80 5.89 4.24 4.36 4.35 4.39 4.40 4.45 3.46 3.52 3.61 4.05 4.15 4.15 4.49 4.48 4.37 4.70 4.71 4.74



STATION: S7
Parameters Date-Time 5/26/2009 9:30 6/1/09 15:55 6/8/09 10:49 6/15/09 15:05 6/22/09 9:05 6/29/09 13:35 7/6/2009 9:05 7/13/09 13:15

Sampling Depth ft 11 6 1 5.0 3.0 1.0 10.0 5.0 1.0 7.0 4.0 1.0 9.0 5.0 1.0 8.0 4.0 1.0 8 4.5 1 6.0 3.0 1.0
Specific conductance uS/cm 391 384 377 182 182 181 219 217 215 207 185 181 314 289 272 338 323 322 630 521 468 404 381 383

Temperature o C 23.78 23.79 23.79 26.63 26.61 26.70 25.61 25.80 25.81 28.02 28.20 28.35 28.37 28.38 28.43 28.65 28.66 28.66 27.92 27.94 27.96 26.97 27.22 27.34
pH su 7.52 7.53 7.54 7.27 7.20 7.20 6.87 6.86 6.88 7.27 7.18 7.12 7.14 7.13 7.15 7.31 7.39 7.35 7.51 7.58 7.68 7.38 7.42 7.42

Dissolved Oxygen mg/L 5.33 5.35 5.35 6.40 6.39 6.32 4.49 4.67 4.64 4.84 4.93 4.99 4.23 4.17 4.24 4.81 4.84 4.82 5.12 5.13 5.09 5.33 5.39 5.45

STATION: S8
Parameters Date-Time 5/26/2009 9:20 6/1/09 16:10 6/8/09 10:30 6/15/09 14:52 6/22/09 8:47 6/29/09 13:20 7/6/09 8:40 7/13/09 13:01

Sampling Depth ft 5 3 1 9.0 5.0 1.0 8.0 4.0 1.0 6.0 3.5 1.0 8.0 4.0 1.0 7.0 4.0 1.0 7.0 4.0 1.0 6.0 3.0 1.0
Specific conductance uS/cm 337 336 336 207 196 197 194 192 191 168 167 167 228 227 227 289 288 286 377 375 372 341 340 340

Temperature o C 23.65 23.67 23.70 26.90 26.95 27.02 25.30 25.35 25.49 27.84 27.97 28.09 28.26 28.26 28.28 28.44 28.44 28.45 27.92 27.91 27.91 26.80 26.89 27.01
pH su 7.58 7.55 7.53 7.15 7.21 7.18 6.89 6.88 6.86 7.20 7.09 7.08 7.21 7.16 7.18 7.34 7.40 7.37 7.60 7.56 7.56 7.44 7.44 7.44

Dissolved Oxygen mg/L 5.27 5.33 5.33 6.16 6.11 6.21 4.44 4.34 4.57 4.94 4.96 4.98 4.26 4.37 4.32 5.09 5.03 5.09 5.74 5.54 5.46 5.54 5.46 5.53

STATION: S9
Parameters Date-Time 5/26/2009 8:25 6/1/09 14:50 6/8/09 8:47 6/15/09 13:45 6/22/09 7:30 6/29/09 14:05 7/6/09 7:30 7/13/09 11:59

Sampling Depth ft 15 7.5 1 14.0 7.0 1.0 16.0 8.0 1.0 13.0 7.0 1.0 16.0 8.0 1.0 14.0 7.0 1.0 15.0 8.0 1.0 15.0 7.0 1.0
Specific conductance uS/cm 306 305 305 169 168 169 181 181 181 159 159 159 199 199 199 267 267 267 323 323 323 315 316 315

Temperature o C 23.51 23.50 23.50 26.09 26.08 26.08 25.20 25.20 25.21 27.27 27.28 27.28 28.08 28.08 28.07 28.02 28.04 28.06 27.75 27.75 27.76 26.36 26.35 26.37
pH su 7.36 7.41 7.40 7.11 7.07 7.08 6.86 6.82 6.82 7.08 7.01 6.98 7.08 7.09 7.07 7.30 7.30 7.27 7.40 7.37 7.45 7.34 7.38 7.36

Dissolved Oxygen mg/L 5.73 5.60 5.61 6.38 6.21 6.17 4.58 4.69 4.61 4.95 4.95 4.98 4.26 4.25 4.26 4.86 4.85 4.86 4.82 4.85 4.86 5.57 5.57 5.54

STATION: S10
Parameters Date-Time 5/26/2009 8:15 6/1/09 14:35 6/8/09 8:25 6/15/09 13:30 6/22/09 7:05 6/29/09 13:45 7/6/09 7:15 7/13/09 11:45

Sampling Depth ft 22 11 1 10.0 5.0 1.0 22.0 11.0 1.0 22 11.5 1 23.0 11.0 1.0 23.0 12.0 1.0 23.0 12.0 1.0 23.0 11.0 1.0
Specific conductance uS/cm 306 306 305 166 166 166 181 181 180 158 158 159 200 200 200 269 269 269 323 324 322 315 315 315

Temperature o C 23.52 23.51 23.52 26.01 26.00 26.02 25.18 25.19 25.20 27.23 27.27 27.34 28.04 28.03 28.03 27.94 27.94 27.95 27.63 27.61 27.61 26.35 26.36 26.36
pH su 7.42 7.35 7.33 7.10 7.07 7.00 6.91 6.90 6.86 7.25 7.13 7.09 7.09 7.08 7.04 7.33 7.31 7.30 7.40 7.42 7.45 7.38 7.39 7.39

Dissolved Oxygen mg/L 5.29 5.31 5.31 6.22 6.19 6.20 4.61 4.69 4.72 4.99 5.01 5.00 4.24 4.34 4.29 4.96 4.98 5.00 4.92 4.94 5.01 5.54 5.62 5.60

ft - feet
uS/cm - microsiemens per centimeter

o C - degrees Celsius
su - standard units

mg/L - milligrams per liter

Source: ECT, 2009.
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