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Summary
In this report, the Florida Department of Health (FDOH) reviewed November and December
2006 hydrogen sulfide air monitoring results from four residential properties near the Saufley
Field Landfill, in Bellview, Escambia County, Florida. We reviewed these data at the request of
the Escambia County Health Department and the Agency for Toxic Substances Disease Registry
(ATSDR). Ambient air was tested in response to nearby residents’ complaints as part of a health
study conducted by the Escambia County Health Department with technical support from
ATSDR and the FDOH.
Since the 2004 and 2005 hurricanes, the Saufley Field Landfill in Escambia County accepted
large volumes of construction and demolition debris including large amounts of drywall that is
also known as wall board or sheetrock. As the waste decomposes, landfill-related odors, gases,
fires and particulate matter occur if appropriate engineering controls are not in place.
Decomposing drywall is of particular concern because of its breakdown byproduct: hydrogen
sulfide gas. Anaerobic bacteria convert the sulfate in the drywall into hydrogen sulfide gas,
which has a characteristic “rotten egg” smell. Because some of the decomposition processes of
landfill waste are exothermic, gases produced can reach combustible concentrations resulting in
the frequent occurrence of surface and sub-surface fires. When these fires ignite, particulate
matter from the landfill may be emitted into the environment. Environmental emissions of
particulate matter, odors, gases, and fire from the landfill may affect the health and safety of
surrounding residents.
A fire burned at Saufley Landfill between November 2005 and February 2006, and it is unclear
from the available records if these fires were ever completely extinguished after that time. The
Escambia County Health Department received numerous health complaints from residents living
near the landfill. They were concerned about smoke and rotten egg and other gas odors. They
complained of respiratory problems, mucous membrane irritation, headaches, and nausea.
Several area physicians also contacted the health department about their patients. The Escambia
County Health Department advised residents with respiratory symptoms to seek medical care.
They also advised residents to remain indoors or leave the area if their symptoms became
intolerable.
In January 2006, the United States Environmental Protection Agency (EPA) tested the air
surrounding the Saufley Field Landfill. The FDOH found the January 2006 air monitoring data
were insufficient to evaluate the public health threat (ATSDR 2006).
Between November 3, 2006 and January 2, 2007, the Escambia County Health Department, in
cooperation with the ATSDR tested the air at four residential locations around the landfill for
hydrogen sulfide and particulates. In February 2007, levels of hydrogen sulfide on the landfill
required workers to cease closure operations and attend training for the use of respiratory
protection equipment. The owner has since hired B&B Fire Safety and Service Inc., from
Lafayette Louisiana to complete the landfill closure. Workers for this firm have the equipment
and training necessary to carry out the re-grading and covering operations for closure of the
landfill and assure worker protection. DEP inspectors visit the site weekly checking on closure
progress.
The FDOH and ATSDR classify the levels of hydrogen sulfide in residential air around the
Saufley Field Landfill as a Public Health Hazard. All four residential monitors around the
landfill detected hydrogen sulfide. Measured episodes of hydrogen sulfide air concentrations
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(greater than 30 ppb for 30 minutes) could have affected children with asthma. The
concentrations of hydrogen sulfide found in the air are associated with eye and respiratory
irritation. The exposure pathway is outside air; people can contact outside air out-of-doors,
through open windows, or indoors if their heating or cooling systems draw outside air inside.
Although levels of airborne particulates did not exceed regulatory standards, smoke from landfill
fires may have aggravated symptoms in nearby residents with preexisting respiratory health
conditions.
Residential exposures to hydrogen sulfide from the Saufley Field Landfill should be reduced as
soon as possible. The levels of hydrogen sulfide in residential areas around the landfill should
continue to be monitored daily. Nearby residents should be advised to stay inside or leave the
area based on daily hydrogen sulfide monitoring. The threat of landfill fire should be reduced
and landfill access restricted.

Purpose
The Florida Department of Health (FDOH) evaluates the public health significance of
environmental contamination through a cooperative agreement with the federal Agency for
Toxic Substances and Disease Registry (ATSDR) in Atlanta, Georgia. Working with ATSDR
and the Escambia County Health Department, FDOH evaluated the potential health threat to
residents near the Saufley Field Landfill based on hydrogen sulfide and particulate air
monitoring results. This data was collected as part of an Escambia County health study in the
community surrounding the landfill. ATSDR, and the Escambia County Health Department are
in the process of analyzing the additional data including daily health diaries and personal
hydrogen sulfide monitors (badges). When this analysis is completed, it will be published in a
separate report.

Background
The Saufley Field Landfill is located at 6001 Saufley Field Road, northeast of the intersection of
Saufley Field Road and East Fence Road in Belleview, Escambia County, Florida (Figure 1).
The Florida Department of Environmental Protection (DEP) permitted this construction and
demolition debris landfill beginning in 1990. Construction and demolition debris includes
concrete, asphalt, wood, metal, sheetrock (also known as wallboard or drywall) and roofing
material from construction, renovation or demolition of structures. Since 1990, the Saufley Field
Landfill has grown from 5 to 23 acres.
In 2000, over 2,000 people lived within a 1-mile radius of the landfill. Approximately 91% were
white, 3% percent were black, and 6% were American Indians, Hispanics or Latinos, and others.
In 2000, over 11,000 people lived within a 2-mile radius of the landfill. Approximately 81%
were white, 10% percent were black, and 9% were American Indians, Hispanics or Latinos, and
others (Census 2000). Some live in single-family dwellings built prior to the landfill (1990).
Others live in developments permitted since 1990. There are also several small farms and a
community consisting of manufactured homes. Since the 2000 census, more people have built
homes in this area.
The landfill is adjacent to the Saufley Field Naval airport. Saufley Field has 2 4000-foot
runways, 3 aircraft hangars, and 600,000 square-feet of building space. Its 63 buildings house
government contractors and a low-security federal prison. Saufley Field has 657 developed acres
and 209 undeveloped acres, primarily wetlands.
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The Saufley Field Landfill received a large volume of debris following hurricanes in 2004 and
2005. The debris included water-damaged sheet rock (drywall) from homes and businesses. After
rains saturated the lower levels of this landfill, anaerobic bacteria converted the sulfate in the
sheet rock into hydrogen sulfide gas.† Rain also displaced hydrogen sulfide gases produced in the
landfill causing it to escape into the air around the landfill. Hydrogen sulfide gas has a
characteristic “rotten egg” smell. Conversion of sulfates into hydrogen sulfide gas also generated
heat.
Saufley Field Landfill management practices and conditions may have intensified the production
of reduced sulfide gases on the site. Specific site practices and conditions that may have led to
excess reduced sulfide gas production include the following: lack of covering of the wastes; lack
of rain and surface water diversion and collection; pH of the waste; height of stacked wastes; and
fire history (based on studies of other landfills, Durno et al. 2006, Appendix 7). Studies have
shown that decomposition in construction and demolition landfills can also generate sulfur gases
other than hydrogen sulfide. Many of these other sulfur gases have a strong smell. In addition to
hydrogen sulfide in soil gas (6,000-3,020,000 parts per billion) and in outdoor air (3-50,000 parts
per billion), the University of Florida researchers found the following sulfur gases in the soil gas
at 10 different Florida construction and demolition landfills (Lee et al. 2006).
Table 1. Sulfur Gases in Soil Gas at 10 Florida Construction and Demolition Landfills
Sulfur Gases

Range Detected (ppb)

carbonyl sulfide

BDL to 61,000

methyl mercaptan
dimethyl sulfide
ethyl mercaptan
carbon disulfide
isopropyl mercaptan
butyl mercaptans
Thiophene
2- and 3-methylthiophene

BDL to 164,000
BDL to 2,100
BDL to 200
BDL to 91,000
BDL to 2,800
BDL to 200
BDL to 100
BDL to 400

ppb = parts per billion
BDL = below detection limit

Hydrogen sulfide is a flammable gas and depending on its concentration in air, it can help sustain
a landfill fire. The lower flammable limits to hydrogen sulfide by percent volume of air are 4.0 to
4.3%, and the upper limit is 46%. Methane (another flammable gas) is produced as a byproduct
of organic material degradation in the landfill. A fire burned the Saufley Field Landfill in June
† Sulfate-reducing bacteria need sulfate, carbon, anaerobic conditions (no oxygen), moisture, a pH between 6 and 9
(slightly alkaline), and temperatures between 68 to 102 degrees Fahrenheit to produce hydrogen sulfide. Either one
of the following processes reduces sulfate into hydrogen sulfide, depending on the kind of bacteria involved:
x
2(CH2O-R) + SO42- → 2(HCO3-) + H2S + 2R,
x
S042- → S032- → S3062- → S2032- → S2-.
2+

S + H ↔ HS
HS- + H+ ↔ H2S
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2000. Another fire burned this landfill between November 2005 and February 2006, and it is
unclear from the available records whether fires were ever completely extinguished.
In the fall of 2005, the Escambia County Health Department received numerous health
complaints from residents living near the landfill. They were concerned about smoke and rotten
egg and other odors coming from the landfill. They complained of respiratory problems, mucous
membrane irritation, headaches, and nausea. Several area physicians also contacted the health
department with concerns that their patient’s health was adversely affected by landfill emissions.
In January 2006, while the landfill fire was still smoldering, the US Environmental Protection
Agency (EPA) tested the surrounding air. EPA staff tested for carbon monoxide, hydrogen
sulfide, particulate matter, volatile organic compounds, sulfur dioxide, and asbestos.
FDOH staff who reviewed these test results were unable to determine if the air quality around the
landfill was a public health hazard. Our earlier report found that smoke from the landfill was
likely worse before the two-day monitoring period. We also found the detection limits for the
sulfur dioxide and hydrogen sulfide tests were higher than levels that could affect public health.
Our reviewer did find that the concentrations of carbon monoxide and asbestos were not likely to
cause illness (ATSDR 2006).

Community Health Concerns
Between January and mid-June 2006, the Escambia County Health Department received 34 calls
complaining that the Saufley Field Landfill was causing symptoms and illnesses in a total of 80
individuals. Twelve area physicians also reported symptoms and illness in eleven patients.
Individuals reporting symptoms and illnesses raged from 3 to 80 years old. Thirty percent (30%)
complained of sinus and allergy problems, 14% complained of chest tightness, cough, headache,
and “other” health problems, 9% complained of burning eyes, 5% complained of nausea, and 1%
complained of pneumonia (Escambia CHD 2006).
In May 2006, the Escambia County Health Director requested technical assistance from ATSDR
to conduct a health study (Lanza 2006). In November 2006, the State Epidemiologist requested
an Epi Aid from ATSDR for further on-site support during the study (Middaugh 2006). In
November, 2006, the Escambia County Health Department began a community health study that
included ambient and personal hydrogen sulfide air monitoring, administering a respiratory
health questionnaire and daily health diaries (Appendices 1, 2, and 4). The EPA provided
particulate air-sampling equipment, which was maintained and analyzed by the Florida
Department of Environmental Protection (FDEP). The study was conducted under the authority
of Florida Statute 381, Chapter 64D-3, Control of Communicable Diseases and Conditions,
which may Significantly Affect Public Health. The study was similar to the approach taken by
the federal ATSDR at two other sites with hydrogen sulfide (ATSDR 1997, 2003).
In November 2006, when the first air-monitoring results were gathered, the Escambia County
Health Department issued the following news release:
Air quality monitors near the Saufley Landfill Construction and Demolition Debris Disposal
Facility indicate increased levels of hydrogen sulfide in the air. Exposure to hydrogen
sulfide may cause symptoms such as eye, nose and throat irritation in some individuals.
People experiencing respiratory symptoms, including those with severe or chronic
respiratory conditions such as asthma or chronic lung disease, should consult their
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physicians for treatment. They also should remain indoors. While indoors, residents should
close windows, run their heating or cooling system and change the system’s filter as needed.
If symptoms persist while inside a heated or cooled home, residents may choose to leave the
area until their symptoms are tolerable.”
(Payne-Hardin 2006)
After ATSDR and FDOH completed their initial evaluation of the complete set of air-monitoring
data, the Escambia County Health Department issued a second news release with conclusions
that parallel those of this report. The news release included the next steps and links for additional
information:
Next Steps
The health department will assist federal, state, and local agencies -- including the U.S.
Department of Environmental Protection, the Occupational Safety and Health
Administration, the Florida Department of Environmental Protection, and county officials
in implementing the report recommendations.
For More Information
 To read the report, log onto the health department’s website at
www.EscambiaHealth.com.
 For health concerns, contact your physician.
 If you have questions about the report, contact the health department at 595-6683.
(Payne-Hardin 2007)
ATSDR provided on-site support for community interaction. ATSDR also provided the hydrogen
sulfide meters and the personal monitoring badges. ATSDR installed the meters at nearby
homes, trained Escambia CHD staff, and provided technical assistance. Escambia CHD
coordinated the investigation with federal, state, and local governmental agencies, as well as
elected officials and community leaders. ATSDR coordinated with the U.S. Environmental
Protection Agency (EPA), the FLDEP and the Escambia County Health Department to install
and maintain particulate monitors. The Escambia CHD recorded hydrogen sulfide levels and
collected personal monitoring badges/health diaries. FDOH headquarters staff translated the
hydrogen sulfide levels into time-weighted averages.
On February 5, 2007, while site-workers were using heavy equipment to reduce the landfill
height, hydrogen sulfide was measured in the air on top of the landfill at a concentration of 140
parts per million (ppm) (Metzler 2007g). Two on-site ground level measurements (100 and 140
ppm, northeast and southeast, respectively) exceeded the National Institute for Occupational
Safety and Health guideline 10-minute Short Term Exposure Level (10 ppm) for workers and
met or exceeded the immediately dangerous to life and health guideline of 100 ppm (NIOSH
g

The landfill owner hired Analytical Chemical Testing Laboratory to measure the hydrogen sulfide concentrations
at four locations in response to an order by OSHA to evaluate potential worker exposures. The intent of the
sampling was to assess whether concentrations at the surface of the landfill exceeded the OSHA ceiling
concentration of 20 ppm for hydrogen sulfide. Therefore, the instrument used to monitor had a lower detection limit
of 10 ppm. Of the four measurements taken, the northwest and southwest measurements were below the
instrument’s 10-ppm detection level.
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2006). These values also exceeded the Occupational Safety and Health Administration’s (OSHA)
short term exposure level (10 ppm). Based on these findings, OSHA stopped work at the site and
required workers to take a two-week respirator-training program.
Analytical Chemical Testing Laboratory personnel provided testimony on March 21, 2007 that
included the results of additional hydrogen sulfide screening they performed on February 14,
2007, to evaluate hydrogen sulfide concentrations at breathing level at the perimeter of the site.
They also sampled inside and outside operating excavation equipment:
x
Landfill perimeter (breathing level), 1 of 9 samples was 10 ppm,
x
Debris east-side—120 ppm outside the excavation equipment, 20 ppm inside,
and
x
Debris west side—100 ppm outside the excavation equipment, 10 ppm inside.
This report analyzes the residential hydrogen sulfide and particulate air monitoring. In a separate
report, ATSDR and the Escambia CHD will analyze the results of health diaries and personal
hydrogen sulfide monitors (badges) for 40 nearby residents.

Air Monitoring Methods
For residential air testing, the Escambia CHD selected four nearby homes, one on each side of
the landfill, where residents had complained of symptoms or illnesses (Figures 2-4). Escambia
CHD obtained consent from each household (Appendix 3).
To test for hydrogen sulfide in the air, the Escambia CHD used four Zellweger Analytics single
point, real-time, continuous hydrogen sulfide monitors equipped with the ChemKey® and
Chemcassette® detection systems (Appendix 6). These devices are commonly referred to as a
tape meters. The Chemcassettes® are chemically treated tapes used to detect specific compounds
of interest. The ChemKey® is an electronic chip that provides the monitor with compound
specific information relating to the detection range, sample time, and alarm levels. Depending on
which cassette was used, these monitors were capable of detecting hydrogen sulfide in three
ranges:
x
Low range: 2 to 90 parts per billion (ppb),
x
Mid range: 50 to 1,500 ppb, and
x
High range: 1,100 to 15,000 ppb.
The Escambia CHD recorded the results from each monitor every weekday for two months
between November 3, 2006 and January 2, 2007. The specific monitoring periods for each
residential location follow:
x
Location #001: 11/3/06 - 11/21/06
x
Location #002: 11/3/06 - 12/29/06
x
Location #003: 11/3/06 - 11/21/06 (low range), 11/21/06 - 11/29/06 (high range),
11/29/06 - 12/16/06 (medium range)
x
Location #004: 11/3/06 to 1/2/07
Because of technical problems with the meter at location #003, on November 29 it was replaced
with the meter from location #001.
The Escambia CHD placed the air monitors inside a residence or shed with the air intake through
a window 4 to 5 feet above the ground. Logic Beach Moduloggers,TM recorded hydrogen sulfide
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concentrations every 5 minutes (low range cassettes) or every 2 minutes (mid range cassettes).
The Escambia CHD checked the meters every day and installed new cassettes when necessary.
The Zellweger hydrogen sulfide meters are calibrated by the manufacturer and have an accuracy
of about 20-25% and a precision of about 10% (Zellweger Analytics 1993). ATSDR and EPA
have used these instruments to monitor hydrogen sulfide in other communities (Inserra et al.
2002). These instruments give results comparable to those of other test instruments (ATSDR
1997).
Tests for hydrogen sulfide near this landfill did not include tests for other sulfur gases known to
occur at construction and demolition landfills in Florida (Yang, et al. 1995). These other sulfur
gases have odor thresholds similar to hydrogen sulfide and may cause similar health effects.
Air was monitored for fine particulate matter (particles 2.5 micrometers in diameter and smaller)
at four locations (Figure 5). A Davis Instruments Weather Wizard III recorded wind speed, wind
direction, and temperature every 15 minutes at location #001 (Figure 7). Wind speed, wind
direction, and temperature were also obtained from the Pensacola Regional Airport.

Results
Hydrogen sulfide air levels
The meters detected hydrogen sulfide in the air at all four monitoring locations (Figures 2-4).
An instrument that could read mid-level concentrations (50-2,000 parts per billion) was present
at location #003 for 17 days (from 11/30/06 to 12/16/06). The mid-level instrument recorded 11
5-minute intervals (55 minutes total) with hydrogen sulfide in the air at concentrations above 70
ppb (the acute Minimum Risk Level or MRL, which is explained in the following section):
Table 2. Sample Location #003, hydrogen sulfide data summary
Date
11/30/06
12/01/06
12/14/06
12/15/06
12/16/06

Maximum H2S
Level (ppb)
94*
94*
224
219
129

Average H2S
Level (ppb)
94
94
192.7
126.7
114

Time
(minutes)
5
5
15
15
15

*

Note: the maximum and average results are equivalent as these samples both represent a five-minute sampling interval

Table 3 summarizes the number of hours that hydrogen sulfide was detected above various levels
at the four residential locations. The amount of time indicated for hydrogen sulfide detection
above these levels was summarized for the entire sampling period. Zero or “non-detection”
values are not included in this table. The “high” range cassettes at location #003 did not record
any hydrogen sulfide.
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The concentrations listed on Table 3 as column headings are guidance values from ATSDR and
the American Industrial Hygiene Association (AIHA):
x 100 ppb is the AIHA Emergency Response Preparedness Guideline (ERPG), a level to
which most persons could be exposed for one hour with no irreversible (set for
emergency planning and response, such as evacuation),
x 70 ppb is the ATSDR Acute (1-13 days of exposure) Minimum Risk Level,
x 30 ppb for 30 minutes is a level at which was found to be associated with an increase in
children’s unplanned hospital or other health care visits due to respiratory problems
(Campagna et al. 2001, Inserra et al. 2002), and
x 20 ppb is the ATSDR Intermediate (14-364 days of exposure) Minimum Risk Level.
Table 3. Outdoor Hydrogen Sulfide Air Sampling Results at Various Concentrations
Sample
Location

# 001
# 002
# 003 (low)
# 003 (mid)
# 004

Total
Number
of Hours
Tested
432
1,344
1,296
408
1,440

Number
of hours
>3 ppb

Number
of hours
> 20 ppb
Intermediate
MRL

10.25
132.75
65.24
109.75

24.5
15.5
14.25

Number of
hours >30
ppb (for 30
minutes)

Number of
hours > 70 ppb
Acute MRL

Number of
hours >100
ppb*
AIHA ERPG-1

11 (10 times)
4 (6 times)
4 (4 times)

0.25 (1 time)
1.5 (5 times)
0.92 (5 times)

0.75 (3 times)

ppb = part of hydrogen sulfide per billion parts of air, by volume.
(dash) = Cassette was not calibrated to read at this lower range.

*Only the mid-range tape could register greater than 90 ppb, it ran 17 days
**

American Industrial Hygiene Association ERPG = emergency response preparedness guideline

The events of elevated readings did not occur simultaneously at the different meter locations, nor
did they appear to relate temporally. Meters at 3 locations recorded 11 episodes above the Acute
MRL, 20 episodes above 30 ppb for longer than 30 minutes, and 54 hours and 25 minutes above
the intermediate MRL (Figure 3).
Table 4 summarizes the maximum and maximum daily average hydrogen sulfide air
concentrations. Daily average concentrations were calculated using the results (including
“zeros”) for each location. Maximum daily average hydrogen sulfide concentrations at the four
sample locations ranged from less than 1.8 to 7.4 parts per billion (ppb). The highest
concentrations detected at each location were between 19 and 224 ppb. The highest
concentration (224 ppb) was measured at location #003.
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Table 4. Maximum and Maximum Daily Average Hydrogen Sulfide Air Concentration
Sample Location

#001
#002++
#003 (low)
#003 (mid)
#004

Maximum Daily Average
Hydrogen Sulfide Air
Concentration (ppb)
1.8 (11/10/2006)
7.4 (11/8/2006)
5.6 (11/16/2006)
Not applicable
5.8 (12/16/2006)

Maximum Hydrogen Sulfide Air
Concentration (ppb)
19
72
90 (11/9/2006 & 11/19/2006)*
224
49

ppb = parts hydrogen sulfide per billion parts of air, by volume
*
Note: upper detection limit for this meter was 90 ppb; therefore, hydrogen sulfide concentrations were likely higher.

A level of 4.3 ppb was the average daily level in a community near a paper mill in which people
experienced eye and respiratory irritation (Kilburn 1997, Kilburn & Warshaw 1995). The meters
around the Saufley Field Landfill recorded 10 days when the average hydrogen sulfide
concentration was above 4.3 parts per billion (Figure 4). Those days were: 11/8, 11/14, 11/16,
11/17, 11/19, 11/23, 11/25, 12/15, 12/16, and 12/28.
Particulate air levels
The US Environmental Protection Agency (EPA) has two National Ambient Air Quality
Standards for fine particles known as particulate matter 2.5 or PM2.5:
x
The annual standard is 15 micrograms per cubic meter (μg/m3) based on the 3
year average of annual average of fine particle concentrations.
x
The 24-hour standard is 35 micrograms per cubic meter (μg/m3), based on the 3
year average of the 98th percentile of 24-hour concentrations.
Particulate monitoring started on November 1, 2006 and ended on February 28, 2007. The air
monitors detected fine particle concentrations above 15 micrograms per cubic meter (μg/m3)
seven times at the four monitoring locations around the Saufley Field Landfill (Figure 6). The
maximum particulate concentration, duration above 15 μg/m3, and the dates follow:
x
17.1 micrograms per cubic meter (μg/m3) for 32 hours, November 18-19
x
23.4 μg/m3 for 88 hours, November 23-26
x
20.4 μg/m3 for 72 hours, December 5-6
x
19.1 μg/m3 for 120 hours, December 14-19
x
16.1 μg/m3 for 20 hours, January 2-3
x
16.5 μg/m3 for 84 hours, February 7-9
x
21.5 μg/m3 for 42 hours, February 14-17
The particulate concentrations around the Saufley Field Landfill did not exceed EPA’s 24-hour
standard of 35 μg/m3 and were generally lower than EPA’s annual standard of 15 μg/m3. These
particulate concentrations were also similar to levels at another PM air monitoring station in
Ellyson (#A0000004), about 7 miles to the northeast (Figure 5). Therefore, the levels of airborne
particulates measured around the Saufley Landfill for this period may be indicative of regional
air quality and unrelated to the landfill.
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Discussion
FDOH compared the measured hydrogen sulfide air concentrations with concentrations known to
cause symptoms or illness. Medical reports and human and animal studies show that breathing
hydrogen sulfide can cause symptoms and illness, depending on the concentrations and length of
exposure. Acute or short-term exposures last less than14 days. Intermediate exposures last
between 14 and 364 days. Chronic exposures last for more than a year.
Pathways analysis
FDOH determines exposure to environmental contamination by identifying exposure pathways.
An exposure pathway is generally classified by environmental medium (e.g., water, soil, air,
food). A completed exposure pathway consists of five elements: a source of contamination;
transport through an environmental medium, a point of exposure, a route of exposure, and a
receptor population. A completed exposure pathway exists when people are actually exposed
through ingestion or inhalation of, or by skin contact with a contaminated medium.
In completed exposure pathways, all five elements exist, and exposure to a contaminant has
occurred in the past, is occurring, or will occur in the future. In potential exposure pathways, at
least one of the five elements is not clearly defined, but could exist. Therefore, exposure seems
possible. Potential pathways indicate that exposure to a contaminant could have occurred in the
past, could be occurring, or could occur in the future. However, key information regarding a
potential pathway may not be available. It should be noted that the identification of a completed
or potential exposure pathway does not necessarily result in human health effects. An exposure
pathway can be eliminated if at least one of the five elements is missing and will never be
present.
FDOH reviewed the site history, community concerns, and available environmental sampling
data. We identified exposure to hydrogen sulfide in outdoor (ambient) air as a completed
exposure pathway. Nearby residents likely breathed hydrogen sulfide and other sulfur gases from
the Saufley Landfill. Periods when the air is still tend to result in the highest levels in breathing
zone air. Often such periods occur in the evening, overnight, and in the early morning. During
the day, ultra-violet light from the sun degrades hydrogen sulfide. When sunlight heats the air,
the mixing caused by warm air rising dilutes hydrogen sulfide concentrations. Because hydrogen
sulfide is denser than air, it tends to follow streambeds and other low topographic areas as it
migrates away from the source area. It may also move along underground conduits such as
buried water, sewer, and electric lines.
Although this report primarily addresses the air exposure pathway, FDOH and DEP staff also
checked on the groundwater exposure pathway. Escambia County Health Department staff have
recently sampled the only potable well near the site (results are not yet available). Monitoring
wells installed and tested for the preparation of the Saufley Landfill Site Assessment Report
found off-site shallow groundwater has intermittently exceeded primary drinking water standards
for arsenic and sodium, and secondary drinking water standards for aluminum, iron, manganese,
sulfate and total dissolved solids.
In June 2007, the DEP Northwest District staff conducted a well inventory. Two irrigation wells
are within ¼-mile down gradient from the site. Down gradient groundwater is equivalent to
surface water flowing down stream. Thirty-three irrigation wells are between ¼- and ½-mile
down gradient of the site. Should the groundwater plume reach the irrigation wells, some
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characteristics of chemicals found above the secondary standards may deter its use as irrigation
water.
Comparison of results to guidelines
FDOH uses ATSDR Minimum risk levels (MRLs) to screen test data for further evaluation.
MRLs are contaminant concentrations at which exposures are unlikely to cause non-cancer
health effects over a specified duration of exposure. MRLs include ample safety factors to ensure
protection of sensitive human populations. Therefore, levels below an MRL are unlikely to cause
illness. Levels above an MRL warrant further evaluation. Because of built-in safety factors,
exposure to a concentration above an MRL does not necessarily cause symptoms or illness.
Uncertainties with the derivation of MRLs are associated with their application over a less than
lifetime duration or for health effects that are delayed in development or are acquired following
repeated acute insults, such as hypersensitivity reactions, asthma, or chronic bronchitis. As these
kinds of health effects data become available and methods to assess levels of significant human
exposure improve, ATSDR revises their MRLs.
The ATSDR Minimum Risk Level (MRL) for hydrogen sulfide is 70 parts per billion (ppb) for
short term (acute) exposures (less than 14 days). This short-term (acute) MRL is based on a
study in which 2 of 10 asthmatics exposed to 2,000 ppb hydrogen sulfide for 30 minutes
experienced apparent bronchial obstruction (Jappinen et al. 1990). This MRL includes a safety
factor of 27 (3 for the use of a minimum Lowest Observed Adverse Effect Level, 3 for human
variability, and 3 for database deficiencies). Hydrogen sulfide levels exceeded the short-term
MRL of 70 ppb 17 times at locations #2 and #3 around Saufley Landfill during the sampling
period.
The ATSDR MRL for hydrogen sulfide is 20 ppb for intermediate length (14-364 days)
exposures. The intermediate hydrogen sulfide MRLs is based on a no observable adverse effect
level (NOAEL) in an animal study that showed olfactory neuron loss and basal cell hyperplasia
(Brenneman et al. 2000). Hydrogen sulfide levels frequently exceeded the intermediate length
MRL of 20 ppb during the sampling period (#002-27 times, #003-41 times, and #004-28 times).
Health effects from breathing hydrogen sulfide
Depending on the concentration in the air, hydrogen sulfide can effect the eyes, nose, throat,
lungs, and nervous system (Ahlborg 1951, Arnold et al. 1985, Bhambini et al. 1994, 1996a,
1996b; Bhambini & Singh 2001, CIIT 1983a, b, c; Curtis et al. 1975, Haider et al. 1990, Lopez et
al. 1988, Luck & Kaye 1989, Jappinen et al. 1990, Reiffenstein et al. 1992, and Spoylar 1951).
Hydrogen sulfide irritates the eyes, nose, and throat by forming sodium sulfide (a compound that
has an alkaline or basic pH). Once inhaled, hydrogen sulfide can enter the blood stream by
diffusion through the lungs. Most of the hydrogen sulfide in the blood is oxidized to sulfates
(primarily thiosulfate) by the liver and excreted in the urine. People with cardiac or nervous
system disorders, people with pre-existing respiratory problems (asthma, restrictive lung disease,
etc.), the very young, and the elderly are more sensitive to hydrogen sulfide (ATSDR 2006).
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Peak hydrogen sulfide air concentrations
Meters at 2 locations recorded 17 episodes (2.67 hours) when hydrogen sulfide concentrations
were above the Acute MRL of 70 ppb. Based on studies of asthmatics, people breathing these
concentrations could experience headaches and bronchial constriction (ATSDR 2006).
30-minute periods when hydrogen sulfide air concentrations exceeded 30 ppb
A recent study found an association between asthma-related hospital visits by children and
hydrogen sulfide concentrations above 30 parts per billion (ppb) for longer than 30 minutes in
Dakota City and South Sioux City, Nebraska (Campagna et al. 2001). Meters at three locations
around the Saufley Field Landfill recorded 20 instances where the hydrogen sulfide
concentrations were above 30 ppb for longer than 30 minutes (Figure 3). Therefore, the
concentrations of hydrogen sulfide measured in the outdoor air near the Saufley Field Landfill
could affect children with asthma.
In addition to the Dakota and South Sioux Cities study, the following states have set up
regulations or guidelines for hydrogen sulfide exposure in the low parts per billion range.
State

Exposure Length

Description Concentration

Source

Arizona

1 hour

(Ambient Air Quality Guideline)

45 ppb

Arizona DEQ 2005

24 hours

(Ambient Air Quality Guideline)

27 ppb

Arizona DEQ 2005
CalEPA 2005

California

1-hour average

(Ambient Air Quality Standard)

30 ppb

Delaware

3-min. average

(Ambient Air Quality Standard)

60 ppb Delaware DNREC 2005

1-hour average

(Ambient Air Quality Standard)

30 ppb Delaware DNREC 2005

Minnesota 30-min. average

(Ambient Air Quality Standard) 50 ppb
not to be exceeded over two times a year

Minnesota PCA 2004

30-min. average
(Ambient Air Quality Standard) 30 ppb
not to be exceeded over two times in any
five consecutive days

Minnesota PCA 2004

Missouri

30-min. average

Montana

1-hour average

Nevada

1-hour average

(Ambient Air Quality Monitoring 50 ppb
Yearly Standard)

Missouri DNR 2004

(Ambient Air Quality Standard) 50 ppb
not to be exceeded over once a year

Montana DEQ 2004

(Ambient Air Quality Standard)

80 ppb

(Ambient Air Quality Standard) 10 ppb
New York 1-hour average
(Source: ATSDR 2006, Section 8, Regulation and Advisories, page 154)

Nevada DEP 2005
New York DEC 2005

Average hydrogen sulfide air concentrations
A study of people living around a paper mill exposed to an annual average hydrogen sulfide
concentration of 4.3 parts per billion (ppb) and daily maximum concentrations of up to 70 ppb,
reported a 12-fold increase in eye and respiratory irritation (Kilburn 1997, Kilburn & Warshaw
1995). These community members were exposed to other chemicals in addition to hydrogen
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sulfide. The meters around the Saufley Field Landfill recorded 10 days when the average
hydrogen sulfide concentration was greater than 4.3 ppb, and had daily maximum concentrations
up to 224 ppb. Therefore, the concentrations of hydrogen sulfide in the outdoor air near the
Saufley Field Landfill could have caused eye and respiratory irritation.
Health effects from breathing particulate matter
The particulate concentrations measured in the air around the Saufley Field Landfill were
generally lower than the US Environmental Protection Agency’s annual standard and none
exceeded their 24-hour standard. Therefore, the measured concentrations are unlikely to affect
healthy persons. However, for people with respiratory disease, lung disease, asthma attacks, and
certain cardiovascular problems, particulates in the air might aggravate these conditions at levels
below the EPA standards.
Other hazards
Other sulfur gases typically found at construction and demolition landfills may also be present at
this landfill. These other sulfur gases have odor thresholds and toxicities similar to that of
hydrogen sulfide. The meters used to monitor the air near the landfill were unable to detect or
measure these other sulfur gases.
Because hydrogen sulfide is flammable; heavy equipment, smoking, or other ignition sources
could reignite fires at this landfill.
Although the Saufley Field Landfill is gated to control vehicle entry,, access by foot is not
restricted. Injury from falling, tripping, or being cut by debris are hazards for trespassers.
Limitations
Air quality data evaluated for this report reflect only a short, two-month duration (November 3,
2006 to January 2, 2007) at four locations around the Saufley Landfill. The results cannot be
used to determine “worst case” exposures, the frequency of worst-case exposures, or
representative or “typical” ambient air hydrogen sulfide concentrations. People who feel ill,
especially those with persistent symptoms, should see their doctors. They should tell their
doctors about any concerns they might have about environmental exposures.
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While air monitoring was
conducted for 2 months, the
concentrations of hydrogen
sulfide in the air near the landfill
before and after the testing could
have been higher or lower. Since
the hurricanes of 2004 and 2005,
annual rainfall in this part of
Florida has been 20” below
normal (NOAA 2006). In the
future, a return to more normal
rainfall levels could increase
hydrogen sulfide production at
this landfill.

Child Health Considerations
ATSDR and FDOH recognize that the unique vulnerabilities of infants and children demand
special attention (ATSDR 2005a). Children can be at a greater risk for exposure to hydrogen
sulfide than adults might be, because their breathing zone is closer to the ground and they may
spend more time playing out-of-doors. Because children are smaller than adults are, their
exposures can result in higher exposure concentrations of chemical per body weight. If toxic
exposures occur during critical growth stages, the developing body systems of children can
sustain permanent damage. Probably most important, however, is that children depend on adults
for risk identification and risk management, hygiene awareness, and access to medical care.
Thus, adults should be aware of public health risks in their community, so they can guide their
children accordingly. In recognition of these concerns, ATSDR developed the hydrogen sulfide
screening values for children’s exposures that FDOH used in preparing this Hydrogen Sulfide in
Ambient Air near Saufley Field Construction and Demolition Debris Landfill, Air Quality,
Health Consultation.
Other susceptible populations may have different or enhanced responses to toxic chemicals than
will most persons exposed to the same levels of that chemical in the environment. Reasons may
include genetic makeup, age, health, nutritional status, and exposure to other toxic substances
(like cigarette smoke or alcohol). These factors may limit a susceptible persons’ ability to
detoxify or excrete harmful chemicals or may increase the effects of damage to their organs or
systems.

Conclusions
The Florida Department of Health classifies the air around the Saufley Field Landfill as a Public
Health Hazard.
1.

Concentrations of hydrogen sulfide measured in the air around the Saufley Field Landfill
between November 3, 2006 and January 2, 2007 could have affected children with
asthma and could have caused eye and respiratory irritation in children and adults. The
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Saufley Field Landfill continues to emit hydrogen sulfide gas. A return to normal rainfall
amounts may increase hydrogen sulfide production at the Saufley Field Landfill.
2.

Although levels of air-borne particulate matter did not exceed federal standards, smoke
from landfill fires can aggravate symptoms in nearby residents with preexisting
respiratory conditions.

3.

Injury from falling, tripping, or being cut by debris are hazards for trespassers on the
Saufley Field Landfill. Other hazards from the landfill include the potential for reignition of flammable gases and exposures to other gases, which were not measured for
this study.

Recommendations
1.

Reduce residential exposures to hydrogen sulfide from the Saufley Field Landfill as soon
as possible.

2.

Continue to monitor levels of hydrogen sulfide daily in residential areas around the
Saufley Field landfill. Advise nearby residents to stay inside or leave the area based on
daily hydrogen sulfide monitoring. People who feel ill, especially those with persistent
symptoms, should see their doctors. They should tell their doctors about any concerns
they might have about environmental exposures.

3.

Reduce the threat of landfill fire.

4.

Restrict access to the landfill.

Public Health Action Plan
1. Escambia CHD and ATSDR staff are evaluating the relationship between hydrogen sulfide
concentrations (both outdoor air and personal badges) and self-reported health effects (daily
diaries) for 100 nearby residents. They will document their findings in a separate report.
2. ATSDR is arranging for a six-month loan of hydrogen sulfide meters from EPA for
additional monitoring. FDOH will purchase hydrogen sulfide meters when funding becomes
available in August 2007.
3. The Escambia County Health Department has a portable Jerome meter that they have used to
respond to citizens complaints, even after ambient monitoring equipment was no longer
available.
4. The FLDOH, FLDEP, EPA, and ATSDR are meeting to determine proactive steps to ensure
residents are protected during the landfill closure period and to ensure that this health hazard
is avoided at other construction and demolition debris landfills in Florida.
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Aerial Photographs included in the maps are from 2004.
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by sampling monitor location. The information shown is tabulated in Table 2. ppb means parts per billion by volume
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Figure 5: Locations for the Fine Particulate Monitoring Stations
(fine particulates are also known as PM2.5).
These locations were near, but not co-located with,
the air monitoring instruments.
The background PM2.5 station was about 7 miles away.
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Figure 6: Graph of PM2.5 data (from Brian Kerckhoff, DEP). Greenline
(background) shows good agreement with other station’s data.

Figure 7: Wind speed and direction (from Brian Kerckhoff, DEP). “Petals” in
wind rose align with compass direction from which the wind was blowing,
concentric circles are measures of percentages of time the wind was coming from
that direction and colors correspond to the wind speed.
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Photo 1: Saufley Landfill from Saufley Field Road, west-southwest of the site.

Photo 2: Close-up of Saufley Landfill from Saufley Field Road, south of the site,
before covering.
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Photo 3: Southeast corner of Saufley Landfill from Saufley Field Road, before covering.

Photo 4: East of photo 3, (same trailer in both photos), before covering.
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Photo 5: View of the Saufley Landfill from Saufley Field Road, southeast of the
site, before covering.

Photo 6: Breach in the chain-link fence west of the site (from East Fence Road).
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Photo 7: Debris visible through fence behind homes on the south side of the landfill.

Photo 8: Air monitor at station 004, southwest of the site (golf course).
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Photo 9: Close-up of air monitor at station 004, southwest of the site (golf course).

Photo 10: East of the landfill, debris visible behind home at sampling location 003.
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Appendix 2
Daily Diary
NAME: ______________________________________________
Participant ID # __________________________
Date: ____/_____/___________
In the chart below, please place a check mark beside the
symptom you experienced today. If you know what caused your
symptom, please indicate. Also, list any medications you took
today for your symptoms and the time when it was taken.
Please use the back side of the paper for additional information
on symptoms and/or medications.

3

Symptom

Cause
(if known)

1. About how long were you in the Saufley area today (within 1 mile
of the landfill)?
hours
____
2. About how much time did you spend outdoors in the Saufley
area today (within 1 mile of the landfill)?
hours
____
3. Did you smell any of the following odors today?
Check all that apply:
□
cat urine
□
garbage
□
rotten eggs
□
sewage
□
burning or smoke
□
cigarette or cigar smoke
□
any other unpleasant smell (please specify the type of smell)

Medication

tightness in the chest
confusion or trouble
concentrating

am/pm
am/pm
am/pm
am/pm
am/pm
am/pm
am/pm
am/pm
am/pm
am/pm
am/pm
am/pm
am/pm
am/pm
am/pm
am/pm
am/pm
am/pm

dizziness
coughingeye irritation
diarrhea
loss of appetite
memory problems
headachemoody or irritable
runny or stuffy nose
short of breath
sore
throat
nausea
tired or fatigue
head cold

vomiting
wheezing

Time Taken
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Did you go to the
doctor for this
symptom today?
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N

Were you
hospitalized for
this symptom
today?
N
Y
N
Y
N
Y
N
Y
N
Y
N
Y
N
Y
N
Y
N
Y
N
Y
N
Y
N
Y
N
Y
N
Y
N
Y
N
Y
N
Y
N
Y

Appendix 3-- Informed Consent for Area Exposure Monitoring
Consent Form for Environmental Hydrogen Sulfide Monitoring
We would like to invite you to participate in an exposure investigation to learn what levels of hydrogen
sulfide gas are in your community. You were picked because you expressed health concerns because of
possible hydrogen sulfide in the air. We are monitoring the air outside residences for hydrogen sulfide
24 hours a day, 7 days a week, for up to 6 months. The Escambia County Health Department along with
the help of the Agency for Toxic Substances and Disease Registry (ATSDR) is offering free voluntary
air monitoring to residents who participate in this monitoring effort. Participation in this investigation
will help us determine if levels of hydrogen sulfide gas may pose a health problem to you or other
persons living in your home.
What we will do?
If you choose to be in this here’s what we will ask you to do:
•

Answer questions about your health and your job

•

Fill out a daily diary for 30-60 days

•

Wear an hydrogen sulfide badge on your shirt each day for 30-60 days

•

House an environmental hydrogen sulfide monitor on your property

We will keep this meter in your yard for a minimum of 30 days and/or a maximum of 180 days. It needs
to be plugged into a power supply at your home. If there is no outside outlet at your home, we may run a
power cord through a small opening in a window. We will seal the window. It will take about 30
minutes to set up the meter. It is about the size of a briefcase and it has a small pump that draws in air
for monitoring. The pump sounds like a fish tank air pump.

Each week, we will schedule a time to come visit your home (usually on a weekend) to check the meter
to make sure it is working properly. These visits will take about 10 minutes. You will also be given a
phone number to call if the air monitors stop working or if you would like to stop participating in this
project. If high levels of hydrogen sulfide are found during the monitoring period, a person from the
health department will contact you.

Are there any risks?
We do not expect there to be any risks. It may not be possible to keep your participation in the project
private because people might notice the meter outside your house.

Will I get anything from this study?
Your benefit from the study will be that you will know what the hydrogen sulfide levels are outside
your residence. Also by being in this study, you will help us better understand substances in the air that
can cause respiratory and other health problems. We will write a report and have a community meeting
that sums up what we find in this investigation. If you want a copy of this report, we will send you one.
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What about my privacy?
We will protect your privacy as much as the law allows. Any reports produced from this investigation
will not identify any specific individuals. We will keep papers with your name on them in a locked file
cabinet and in a computer that is password-protected. It may not be possible to keep your participation in
the project private because people might notice the meter at your house.
Are there any costs?
You do not have to pay to be in this study. We will not pay you for the power used from your home. The
power used is about the same as running a 15 watt fluorescent light bulb.
Participation
Participation in this investigation is voluntary. Your participation can stop at any time without penalty.
You must sign this form to participate.
How can I find out more?
You may have questions about this project. If so, you can contact the Escambia County Health
Department at 850.595.6683. If you have questions later about this or think you may have been harmed
by this study, please call the above number.
If you have questions about your rights as a person in a study, please call the Department of Health
Institutional Review Board (DOH IRB) at (866) 433-2775 (toll free in Florida) or (850) 245-4585.
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Consent Statement
I have read this form or it has been read to me. I have had a chance to ask questions about this study and my
questions have been answered. I agree to be part of this study. I have marked below the parts I will do.
Yes

No

Have a hydrogen sulfide meter on my property for up to three months

Yes

No

Allow ECHD to check on the meter about once every week

Signature:

Date:

Print name:
Address: _________________________________________
_________________________________________________
_________________________________________________
Witness: I observed the process of consent. The prospective participant read this form, was given the chance to
ask questions, appeared to accept the answers, and signed to enroll in the investigation.
Witness signature:

Date:

Print name:
Participant ID Number:
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Appendix 4-- Informed Consent for Personal Badge Exposure Monitoring
Consent Form for Personal Badge Exposure Monitoring
We would like to invite you to participate in an Exposure Investigation to learn what levels of hydrogen sulfide
gas may be present in your community. You were picked because you expressed health concerns of possible
hydrogen sulfide in the air. We are monitoring the air outside residences for hydrogen sulfide 24 hours a day, 7
days a week, for up to 6 months. The Escambia County Health Department along with the Agency for Toxic
Substances and Disease Registry (ATSDR), is offering free voluntary air monitoring to residents who
participate in this monitoring effort. Participation in this investigation will help us determine if levels of
hydrogen sulfide gas may pose a health problem to you or other persons living in your home.
What we will do?
If you choose to be in this study here’s what we will ask you to do:
•

Answer questions about your health and your job

•

Fill out a daily diary for 30-60 days

Wear a hydrogen sulfide badge on your shirt each day for 30-60 days

Are there any risks?
We do not expect there to be any risks. It may not be possible to keep your participation in the project private
because people might notice the badge that you are wearing.
Will I get anything from this study?
Your benefit from this study is that you will know the levels of hydrogen sulfide that you are exposed to at your
home. We will write a report and have a community meeting that sums up what we find in this study. If you
want a copy of this report, we will send you one.
What about my privacy?
We will protect your privacy as much as the law allows. Any reports produced from this investigation will not
identify any specific individuals. We will keep papers with your name on them in a locked file cabinet and in a
computer that is password-protected.
Are there any costs?
You do not have to pay to be in this study. We will not pay you for being in this study. Based on your responses
to the survey, we might recommend that you consult your doctor.
Participation
Participation in this investigation is voluntary. Your participation can stop at any time without penalty. You
must sign this form to participate.
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How can I find out more?
You may have questions about this project. If so, you can contact the Escambia County Health Department at
850.595.6683. If you have questions later about this or think you may have been harmed by this study please
call the above number.
If you have questions about your rights as a person in a study, please call the Department of Health Institutional
Review Board (DOH IRB) at (866) 433-2775 (toll free in Florida) or (850) 245-4585.
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Consent Statement
I have read this form or it has been read to me. I have had a chance to ask questions about this study and my
questions have been answered. I agree to be part of this study. I have marked below the parts I will do.
Yes

No

Have a hydrogen sulfide meter on my property for up to three months.

Yes

No

Allow ECHD to check on the personal badge about once every week.

Signature:

Date:

Print name:
Address: _________________________________________
_________________________________________________
_________________________________________________
Witness: I observed the process of consent. The prospective participant read this form, was given the chance to
ask questions, appeared to accept the answers, and signed to enroll in the investigation.
Witness signature:

Date:

Print name:
Participant ID Number:
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Appendix 5
Existing Levels of Health Concern
The following exposure guidelines have been derived for hydrogen sulfide exposures by ATSDR and other government agencies and
organizations. Note that occupational exposure values are not used for community exposure/health outcome assessments.
Occupational values are provided for informational purposes and for short-term (10 to 15-minute ceiling values) comparisons that do
not exist for environmental exposure scenarios.
Agency/Organization*

Exposure Value**

Exposure Period/Intent

EPA

1.4 ppb

RfC—an estimate of a daily exposure to the human
population (including sensitive subgroups) that is
likely to be without an appreciable risk of deleterious
effects during a lifetime

WHO

14 ppb

Medium-term tolerable concentration—level at
which exposure could occur for up to 90 days
without appreciable risk of adverse health effects

ATSDR

0.07 ppm
(70 ppb)

Acute Minimal Risk Level—value for up to 14 days
of continuous exposure. Exposures below this value
are not expected to result in non-cancerous adverse
health effects

0.02 ppm
(20 ppb)

Intermediate Minimal Risk Level— value for longer
than 14 to 364 days of exposure. Exposures
below this value are not expected to result in noncancerous adverse health effects.

100 ppm

IDLH –Based on the ability of a worker to escape an
area w/out loss of life or irreversible health effects.

10 ppm

Worker exposure- 40 hour work week; is also the 10 minute ceiling
value

0.1 ppm

ERPG-1—The maximum airborne concentration below which
it is believed that nearly all individuals could be
exposed for up to 1 hour without perceiving a clearly
defined objectionable odor.

30 ppm

ERPG-2-The maximum airborne concentration below which it
is believed nearly all individuals could be exposed
for up to 1 hour without developing irreversible or
other serious health effects that could impair ability
to take protective action

10 ppm/ to 1 ppm

Worker exposure-40 hour work week, this guideline is currently on the
ACGIH “notice of intended changes list” the new value will be 1 ppm
Worker exposure-15 minute ceiling, this guideline is currently on the
ACGIH “notice of intended changes list” the new value will be 5 ppm

NIOSH

AIHA

ACGIH

15 ppm/ to 5 ppm

*

EPA is the U.S. Environmental Protection Agency, ATSDR is the Agency for Toxic Substances and Disease Registry; NIOSH is the
National Institute for Occupational Safety and Health; AIHA is the American Industrial Hygiene Association; ACGIH is the American
Conference of Industrial Hygienists
**

ppm is parts per million (part hydrogen sulfide per million parts air, by volume); ppb is parts per billion (part hydrogen sulfide per
million parts air, by volume).
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Appendix 6- SPM Tape meter with Chemcassete detection monitor (SPM= single
point monitor)

Home Hydrogen Sulfide Monitoring Fact Sheet
The Tapemeter, at your home, is considered to be the “state of the art” in testing the air
for certain chemicals. This meter should work with no trouble for weeks and weeks.
However the meter does have problems once in a while such as the tape breaking. If for
any reason the meter does not look like it is working properly or it says "FAULT" on its
screen, PLEASE let us know.

How to reach us:
Phone: 850-595-6683……….Time: Weekdays 9-5
Cell Phone: #############………….Time: Weekend + Nights

Email: ############

Important information: There are a few things that you should know about the meter.

The black box on the back of the tape meter is the "Data logger" (See Figure
1A). It stores all the measurements the tape meter collects in-between times
when we come to your home. On the front of the data logger (See Figure 1B)
there are several tiny lights. The one that says "STATUS" should be blinking
once every second. If it is not blinking, please contact us immediately.
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At times the alarm light located on the front of the tapemeter (See Figure 2A)
may flash on and off. This will happen when the meter has detected hydrogen
sulfide and is reporting it (See Figure 2C). Pressing the "Alarm Reset" will stop
the light from flashing. The only other time the alarm light will flash is if there is
a problem with tapemeter. If there is a problem the display screen will report a
"Fault Message" (See Figure 2B). If you ever see the word “Fault” on the meter,

please contact us immediately.
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On the top of the tapemeter there is a white hose that goes to a nearby window or up in
the air about a foot or so. This hose is the "Sample Intake" line. It is through this hose
that the tapemeter collects and reads the TDI in the air. It is very important that this
line does not become kinked or clogged. If for any reason this happens, the tapemeter
will display a "FAULT 17" error (see Figure 2B). Please contact us immediately if this
occurs.
This happens most often with the tapemeters with longer hoses that run to the outside of
the house. The funnel on the end of the hose helps out keep rain and insects. It should
face downward at all times.

The tapemeter itself has internal batteries that allow it to remain functioning even if
there is a power failure. However, power spikes and brown outs sometime happen with
power failures. This can sometimes cause either the tapemeter or the datalogger to
malfunction. Because of this, we ask you to check on the meter after any thunderstorms
or power outages. If there are any problems, please contact us.

Schematics of SPM Equipment
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Appendix 7
EPA Region 5 Recommended Management Practices based on the Removal
Action at the Warren Recycling/Warren Hills Construction and Demolition
Debris Landfill site
Excerpted best management practices from a letter to Solid and Infectious Waste
Chiefs at the Ohio Environmental Protection Agency from the EPA Region 5 onscene coordinators:
Mark Durno, On-Scene Coordinator
Emergency Response Branch
USEPA Region 5
25089 Center Ridge Road
Mail Code ME-W
Westlake, Ohio 44145
440- 250-1743

Ramon C. Mendoza, Environmental Engineer Waste Management
Branch (DW-8J) Waste, Pesticides, and Toxics Division USEPA Region 5
77 W. Jackson Blvd, Chicago, Ill. 60604 Tel: 312-886-4314, Fax: 312-353
4788, Email: mendoza.ramon@epa.gov
Thabet Tolaymat PhD., Environmental Engineer National Risk
Management Laboratory Office of Research and Development 26 West
Martin Luther King Drive, Cincinnati, Ohio 45268 Tel: 513-487-2860,
Fax: 513-569-7879, Email: tolaymat.thabet@epa.gov
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4.0 H2S Prevention and Control Management Practices
Many states and C&D landfills have developed good management practices or requirements to
control H2S gas formations in C&D landfills. However, where a particular C&D debris landfill meets
all of the conditions, described above, certain management practices (MPs) can be utilized to prevent
and control such emissions. This section describes those management practices (MPs) that a C&D
debris landfill may utilize to prevent and control H2S gas emissions. Depending on the site
conditions and the magnitude of the problem, one or more of the suggested MPs may be more
effective than others. These MPs focus on controlling H2S gas emissions by either removing an
environmental requirement of SRBs or by changing environmental characteristics of the site. Any
one or combination of more than one of the MPs may be implemented at a site depending on sitespecific conditions and location. Therefore, we recommend that the MPs presented in this text be
evaluated separately by the site owner/operator for technical feasibility and cost effectiveness.

4.1 Gypsum Drywall Diversion/Recycling
Gypsum drywall diversion, recycling and reuse of the material is recommended as the first MP
examined, if possible. This practice removes or minimizes the gypsum before disposal. Gypsum
drywall is commonly used in various recycling and reuse techniques. Source separation has been
shown to be an effective method to collect gypsum drywall in a relatively clean fashion, while
keeping cost at a minimum. A dedicated covered waste receptacle for drywall tends to facilitate
recycling efforts at most construction jobs. For more information about drywall recycling and reuse,
visit (https://www.drywallrecycling.org).

pH Control
SRBs require a pH range of approximately 6 to 9 to effectively reduce sulfur to produce H2S gas. The
idea of pH control is to alter the pH of the gypsum drywall to a range that is not hospitable for SRB
growth. This can be accomplished by the application of a buffering agent which changes the pH of
the system and maintains it at either an alkaline pH >9 or an acidic pH <6. However, since acidic pH
in disposal environments may cause concern regarding the mobility of various other contaminants
(e.g., metals), the use of acidic buffering agents (pH <6) is discouraged. Controlling the pH at an
alkaline environment (pH >9) may provide a relatively safe and cheap method of H2S gas emission
control (Ref. 13). However, for consideration, certain metals, such as arsenic and selenium are more
mobile at alkaline pH. Various methods of controlling alkaline pH are discussed below.
An example of pH control is the addition of lime (CaO), (Ref. 13). The use of lime as a treatment for
H2S gas control may also assist in the problems associated with leachate. An increase in the pH
reduces the solubility of metallic salts and thus reduces the amount that may migrate to the leachate.
Laboratory and field studies conducted at the University of Florida suggest that lime may also act as
a sorbent material for H2S gas, where it attenuates H2S gas and prevents it from migrating from the
landfill surface (Ref. 16).
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4.3 Moisture Control (Ref. 16, 17, 18)
One of the required factors for SRBs to produce H2S gas is moisture. Thus, moisture diversion can
play a major role in controlling gaseous emissions, including H2S, from debris disposal facilities that
accept large amounts of pulverized gypsum drywall. Moisture control at such C&D debris landfills
may include the management and diversion of storm water, as well as surface water management,
and in some cases leachate management.
Specifically, we recommend that moisture infiltration into these types of wastes be controlled by
using a surface water run-off management system similar to that found at various municipal solid
waste management facilities. Storm water diversion from a debris disposal facility that accepts large
amounts of pulverized gypsum drywall is also an important component in moisture control.
Designing a proper storm water management system is important for adequate facility drainage and
water control. Storm water can be managed with design and construction methods such as silt fences,
rock dams, erosion control mats, diversion channels and berms. Such systems reduce the amount of
moisture that gets in contact with the C&D debris and will help reduce ponding and leachate volume.
Daily and long-term cover to prevent storm water from infiltrating into the debris containing
pulverized gypsum drywall may also be appropriate. Daily covers and long term covers, as will be
discussed later, may also play a major role in attenuating H2S gas emissions. Long-term maintenance
and cover erosion controls may be necessary to prevent washout. By maintaining an effective cover,
facilities will reduce management costs by preventing the formation of H2S gas.
In general, C&D debris landfills must comply with state and federal (40 Code of Federal
Regulations Parts 257.3-1, 257.3-3, 257.8, 257.9 as appropriate) requirements to control surface
water and prevent these types of facilities from being located in areas such as wetlands and
floodplains. Compliance with these requirements should contribute to controlling H2S gas
emissions.
At the WRI cleanup, USEPA eliminated the leachate ponds and constructed an effective
surface/storm water control system that prevented ponding and reduced the amount of leachate
generated, leading to the reduction of H2S gas emissions.

4.4 Leachate Management (13, 18)
Because of H2S’s high solubility in water, leachate from C&D debris landfills that contain H2S gas
may cause odor problems as it migrates off the site. Thus, C&D debris landfill leachate can become a
significant source of H2S gas, especially when sulfate concentrations are elevated. Depending on
state and local regulations, C&D debris landfills that accept large amounts of pulverized gypsum
drywall, particularly if it is pulverized into a powder form, may be required to collect and manage
leachate generated at the site. In such a scenario, the collected leachate may have to be treated for
H2S gas and managed in accordance with specified requirements.
The removal of H2S from leachate is mainly accomplished by chemical oxidation processes. These
processes commonly utilize an oxidizing agent to oxidize H2S to form elemental sulfur or sulfate
depending on the pH. The oxidizing agent may be stored on site and is usually introduced to the
leachate at the site before the leachate is transported to the local wastewater treatment plant for
further treatment. Leachate recirculation is not recommended as a leachate management option at
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C&D debris landfills with significant amounts of pulverized gypsum. The recirculated leachate
provides both the moisture and microbial seed, thus promoting further H2S gas generation.
At the WRI cleanup, USEPA dewatered and filled in the leachate ponds and installed an
effective leachate treatment and disposal system to effectively control H2S gas emissions (Ref.
18).

4.5 Capping/Cover/Alternative Cover Materials (Ref. 16, 17, 18,19)
Temporary and permanent covers are effective in reducing H2S gas emissions from C&D debris
landfills by controlling and reducing the moisture and attenuation of H2S gas emissions. Section 4.3
discussed the use of cover material to control moisture. This section will address issues regarding the
use of various cover materials as passive treatment systems for H2S gas emissions from C&D debris
landfills.
Research conducted at the University of Florida concluded that cover materials can effectively
reduce H2S gas emissions from C&D debris landfills. Apart from its thickness, cover effectiveness
largely depends on the physical and chemical characteristics of the cover material. These studies
concluded that lime and fine concrete are the most effective (99% reduction of H2S gas) cover
materials for reducing H2S gas emissions, while sandy and clayey materials showed average
reduction efficiencies (77% to 98% effective) and coarse concrete was the least effective (23%).
Cover materials that contain a mixture of soil, ash, and compost have also been shown to be
effective in controlling H2S gas emissions.
To achieve the most effective H2S gas control, it is generally recommended that permanent covers
be installed as soon as the final grade of C&D debris is reached. In areas that are inactive, but
have not yet met final grade, temporary covers can be used. We encourage that cover materials be
inspected frequently to check that no damage has occurred. It may also be effective to apply
cover materials prior to large rain events, in order to prevent the gypsum waste from getting wet.
Capping/cover materials are effective when combined with other management practices, such as
gas collection. Several states have reported success with this remedy for C&D debris landfills
(Ref. 19).
At the WRI cleanup, USEPA used a clay cover combined with surface/stormwater control and
leachate control & treatment to effectively control H2S gas emissions (Ref. 18). As previously noted,
maximum detectable concentration of hydrogen sulfide gas was reduced from 165 ppm to 0.043 ppm
at the surface of the landfill.

4.6 Education and Training
Recyclers, transfer station operators, and landfill operators should understand how H2S gas is
produced in C&D debris landfills, particularly at those C&D debris landfills that meet the criteria
identified in Section 3. Awareness of the mechanisms behind the formation of H2S gas and methods
that effectively prevent or restrict the formation of H2S gas will support knowledgeable decisionmaking when working with C&D debris (Ref. 11).
Specifically, it is recommended that landfill operator training at a C&D debris landfill managing
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large amounts of pulverized gypsum include: 1) how to identify and/or segregate C&D debris
containing pulverized gypsum drywall; 2) cover application and maintenance; 3) moisture control
methods such as surface water and stormwater control procedures (e.g. ponding prevention) and
proper leachate management, 4) H2S gas identification; 5) onsite/perimeter inspections and H2S gas
monitoring methods (Note: This includes recognition of H2S gas odors and to report the time,
location, weather conditions, and any unusual site conditions); and 6) health and safety/emergency
procedures involving H2S gas (Ref. 18).

4.7 Active Gas Collection
Active gas collection and recovery systems, if properly designed, can collect and treat the effluent
gas and effectively reduce H2S gas emissions at C&D debris landfills. According to a USEPA
Region 5 preliminary survey in May 2005, several states, which have had serious H2S gas odor
problems, reported success in controlling H2S gas odors by requiring C&D debris landfills to install
these systems in combination with covers (Ref. 19).
However, due to the high capital, operations, and maintenance costs, we believe that active gas
collection systems be considered as one of the last control options to be implemented at a given
site. (Note: If such a system is put into place, the owner and operator may want to consult a
qualified professional engineer to design and construct the system.)

4.8

An Integrated Approach for the Identification and Remediation of H2S
Emissions

In some cases, owners and operators may find it appropriate to establish site-specific H2S gas
monitoring and response plans. Various state and/or local regulations may already require some type
of monitoring at these facilities, however, H2S gas specific monitoring systems discussed in this
document can also be incorporated to provide additional assurance when needed.
Like all environmental monitoring plans, the main goal of an H2S gas monitoring plan is to protect
human health and the environment. Specifically, the goal of an H2S gas monitoring and response plan
is to prevent the inhalation of objectionable or unsafe concentrations of H2S gas by onsite personnel
and anyone who works or resides near a C&D debris landfill that disposed of C&D debris containing
large amounts of pulverized gypsum drywall. A site owner’s and/or operator’s implementation of an
early detection and response system for monitoring H2S gas emissions may greatly reduce or
eliminate potential need for future mitigation.
In order to create an effective monitoring plan, the owner operator may consider the following
factors:

4.8.1 Site Location (Ref. 18)
It is recommended that the location of debris disposal facilities that contain large amounts of
pulverized gypsum drywall avoid areas where the debris may become wet or saturated. These
locations include wetlands, flood plains or areas prone to flooding, or areas that have a high ground
water table. By keeping the gypsum dry, H2S gas generation would likely not occur and the
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potential problems associated with it.
States and local governments limit the siting of new C&D debris landfills near residential areas. This
would reduce potential concerns in the case of H2S gas problems. The greater distance (that separates
these facilities from near-by communities) provides more time for natural dispersion and dilution of
H2S gas emissions, which ultimately leads to a lower exposure rate. Specifically, the owner or
operator should consider the site-specific potential for debris saturation and the distance to human
receptors for any new or pre-existing site.
The aforementioned location factors were present at the WRI Site. USEPA noted that the site
was located in an area where residents were within 100 feet of the facility. In addition, the WRI
site is situated in a low, poorly drained, former wetlands area with soils rich in clay, which
facilitated stormwater ponding and exposed the C&D debris to wet/saturated conditions.

4.8.2 Site Conditions
For C&D debris disposal facilities that handle large amounts of pulverized gypsum drywall, it is a
good practice for a facility operator to acquire documentation for the following:
Site topography. Since H2S gas is heavier than air, it tends to settle and concentrate in low-lying
areas. Understanding the topography will help in identifying areas where H2S gas may linger and
would lead to more effective management of such emissions.
On-site and off-site structures. Structures where leachate may migrate and subsequently emit
H2S gas causing some exposures to workers and nearby residents are important to identify.
Understanding of the water table and its seasonal fluctuation. One of the main factors in H2S
gas generation from pulverized drywall is wetting of it. Understanding where the groundwater
table is and keeping the pulverized debris containing gypsum drywall away from it helps in
preventing H2S gas generation. Knowing this also would help evaluate the maximum depth of
any excavation to separation from groundwater.
• Location of other potential sources of H2S gas in the area. Debris disposal facilities that
handle large amounts of pulverized gypsum drywall are not the only facilities that can be a
potential source of H2S gas. A poorly managed wastewater treatment plant may emit H2S gas.
Identifying the source of H2S gas is very important in addressing any potential problems that may
arise.
Property boundaries and ownership adjacent to the facility. The owner or operator may wish to
gather information beyond the immediately adjacent properties based on site-specific knowledge
in order to identify potential receptors. Different gas monitoring techniques or instruments may
be appropriate on-site and off-site. Such information is helpful in the rare event where offsite H2S
gas emissions become a concern.
The owner or operator may also find it useful to assemble the following site-specific information:
Records or information regarding the type of waste/debris disposed at the site.
Facility construction details, including any liners or final cover.
Details of any existing and/or operating gas extraction or venting system.
Details of any existing gas monitoring system.
Facility gas generation potential.
Historical records regarding gas investigations and monitoring, visual or
olfactory observations, inspections or complaints, odor problems.
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4.8.3 Self Inspection Strategy
Because of the high sensitivity humans have to H2S gas odor (Humans can smell 0.0005 to 0.3 parts
per million of H2S gas), the initial warning of potential problems may be by smell. This would most
likely be in the form of complaints from neighbors or onsite workers about a rotten egg smell.
Therefore, we encourage that periodic site inspections be conducted, by the facility operator, mainly
to identify signs of potential H2S gas emissions and to ensure implementation of management
practices, if any. The inspections can also serve to identify areas of high temperatures that may
indicate a higher rate of degradation. The inspections might include a general screening for H2S gas
odors along the facility perimeter and are best conducted during the early morning or late evening
hours since odors are most likely to occur at these times. Emissions may vary depending on
temperature changes, as well as wind speed and direction.
(Note: As mentioned earlier, inspectors should be aware that at higher concentrations, at or above
100 ppm, individuals may not detect H2S gas due to olfactory fatigue. For this reason, odor is not a
reliable indicator of H2S’s presence at higher concentrations and may not provide adequate warning
of hazardous concentrations)
If an H2S gas meter is available, the owner or operator may wish to include sampling along the
perimeter and over a grid pattern across the areas of waste or debris placement during daily
inspections.
Such sampling, conducted on a regular basis, could alert the owner or operator to the generation of
H2S gas. Gases could be released from the facility through fissures, cracks, uncovered areas,
leachate ponds, or erosion gullies. Such areas may easily be repaired to reduce or eliminate off site
migration. Early detection of potential off site migration may also allow the operator to improve
operational practices and employ additional MPs, thereby reducing the need for more costly
solutions in the future.
If H2S gas odors are detected, the owner or operator can use a portable H2S gas analyzer to quantify
the extent and concentration of the H2S gas emissions and compare them to applicable health
standards.

If the problem persists, we suggest that the owner and/or operator should consider a monitoring plan
to quantify on-site and off-site H2S gas levels. The plan would be site specific and could be modified
as site-specific data becomes available. Initially, for example, monitoring can be conducted in
downwind and low lying areas, especially if those areas are near potential receptors. Once sufficient
data have been collected to determine the origin and extent of emissions, the monitoring plan can be
updated to examine specific areas of concern.
The location of monitoring points is mainly a function of site-specific factors such as topography
and atmospheric conditions. Understanding the site topography, as mentioned above, is helpful in
identifying likely gas migration and accumulation locations and establishing monitoring points
beyond the facility boundary. In addition, if on-site monitoring is considered appropriate, we
believe that it be conducted in a manner that would facilitate delineation of areas with higher
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concentrations.
When H2S gas monitoring is conducted, different gas monitoring instruments may be used for on-site
workers and nearby residents, depending on the objective. For example, an instrument that is capable
of detecting H2S levels as low as 0.001 ppm (1.0 ppb) may be appropriate for perimeter monitoring to
detect off-site migration. On the other hand, on-site monitoring to ensure personnel protection may
only require an instrument that is capable of detecting H2S gas levels at or above 1.0 ppm (1000 ppb).
Instruments should be designed and calibrated specifically for H2S. For maximum protection of the
facility personnel, as well as the general public, proper sampling techniques and calibration should be
followed. In addition, we encourage that trained personnel operate the monitors who understand the
operating procedures and limitations of the instrument being used. For instance, monitors calibrated
to detect H2S gas may show interference from other sulfur gases.
If H2S gas odor problems persist, meteorological data (i.e., temperature, wind speed and direction,
precipitation and barometric pressure) may be collected and analyzed. For additional information on
this topic, refer to EPA-454/R-99-005 and/or EPA-450/4-87-007.
Once the owner or operator has established the source, concentration and extent of the H2S gas
emissions, decisions concerning appropriate remedial action can be made. A few examples of
the management practices outlined in this text include applying cover material, removing
leachate, and diverting surface/stormwater from areas of debris placement.

4.9 Other Practices to be Considered
4.9.1 Community Outreach (Ref. 18)
Good community relations are part of every successful odor control program. Humans can detect
the odor of H2S gas at very low concentrations (as low as 0.0005 ppm). Even at low concentrations,
H2S gas can be offensive and complaints may occur, especially during unfavorable weather
conditions. Therefore, we recommend that the owner or operator maintain effective communication
with the surrounding community and encourage involvement.

At the WRI site, USEPA conducted regular meetings with the community and local
government to ensure that they were aware of the removal activities and had a forum
to express their concerns.
4.9.2 Local Fire Department Involvement
We recommend that the owner or operator establish action levels or be aware of required action
levels that trigger notification to health officials, regulators, and local emergency response
personnel.

5.0 H2S Gas Off-Site Migration (WRI Site Case Study)
This section provides an example of monitoring and response (through a case study) in the event that
H2S gas migrates off-site into surrounding communities. These guidelines were used by USEPA, as
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part of its contingency plan, at the WRI site in Ohio, where a time critical removal action was
initiated at a former C&D debris landfill to address H2S gas releases to the surrounding community
(visit www.epaosc.org/warrenrecycling). The contingency plan specifically focused on releases
occurring as a result of on-site activities during USEPA’s time-critical removal action. The
following table summarizes actions required at the WRI site if certain H2S gas conditions at the
fenceline are achieved:
H2S gas
Concentration

Length of Time of
Sustained Readings

.200 ppm

30 minutes at the fence line

Actions Required

1. Federal on-scene coordinator may advise residents to close
windows and stay inside. 2. If resident gives permission, conduct
air monitoring inside home. 3. If concentrations inside home are
up to 200 ppb, FOSC should notify Warren City Fire Department
and defer to their authority for community action.
1. Take immediate action on-site to mitigate the cause of the gas
release. 2. Alert the Warren City Fire Department and defer to
their authority for community action.

1.0 ppm

10 minutes at the fence line

3.0 ppm

5 minutes at the fence line

1. Take immediate action on-site to mitigate the cause of the gas
release. 2.Alert the Warren City Fire Department and defer to their
authority for community action.

25 ppm

sustained for any length of
time, at the fence line

1. Take immediate action on-site to mitigate the cause of the gas
release. 2. Inform residents to close windows, shut off air
conditioners, and stay inside. 3. Alert the Warren City Fire
Department and defer to their authority for community action.

This table pertains to releases that occur as a result of on-site work actions.
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