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Objective

The purpose of this exposure investigation is to (a) determine whether residents living near the
municipal sewage treatment (MST) facility in Louisville, Kentucky, are being exposed to
hazardous levels of airborne hydrogen sulfide (H2S) and (b) determine if experimental
instruments can detect short-term levels of H,S. The MST facility is located in “Rubbertown,” an
industrial area in West Louisville. The MST releases H,S in one of its batch processes. The
releases of H,S are of too short a duration for the samples to be measured with conventional time-
weighted sampling methods.

In September 1998, the Agency for Toxic Substances and Disease Registry (ATSDR) concluded
that the Rubbertown industrial area posed an indeterminate public health hazard, because the
representativeness of available data was uncertain [1]. The U.S. Environmental Protection
Agency (EPA) is currently sampling for many hazardous chemicals in the ambient air, but the
data gap relating to the description of episodic and intense odors remains. No H,S sampling had
been conducted in this community prior to this investigation.

Background

Rubbertown is an industrial area located in West Louisville, Jefferson County, Kentucky. The
petrochemical industrialization of the area began in 1918, when Standard Oil of Kentucky began
construction of its Riverside Refinery. Soon afterward, other industries began opening plants that
manufactured a variety of chemical and industrial products. Easy access to railroads and
waterways made Rubbertown a prime choice for government selection as a manufacturing base
for synthetic rubber during World War Il. In 1941, several facilities were built as defense plants
under the supervision of the Office of Production Management, a federal agency. Many of these
facilities have changed ownership over the years; however, many of the operations remain.

According to EPA’s Toxics Release Inventory (TRI), industries in the Rubbertown area released
large quantities of toxic substances into the air. In total, these industries reported 11 million
pounds per year of toxic air emissions, which accounts for one-third of all TRI releases in
Kentucky. Two of the top 10 emitters of air toxics in Kentucky are located in Rubbertown (EPA,
1998). Hazardous waste is also a concern. Three of the top ten hazardous waste generators in
Kentucky are located in Rubbertown (State of Kentucky, 1996), and 74% of all hazardous
substance spills are in Jefferson County in 1996 occurred in the Rubbertown area (EPA, 1996).

The MST facility (Figure 1) uses a sequential batch treatment process which releases H,S and
amines as by-products in a series of short puffs. The MST representatives spot check onsite for
H>S using a Jerome™ meter during quarterly surveys and when workers complain of odors.

1Ch|orine, a chemical used at the MST, is falsely reported as H,S by the Jerome.
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There are 5 other industrial facilities which also release chemicals, but provide a land buffer
between the MST’s H,S and much of the population. Despite this buffer, there is a large
population that lives within one-quarter mile to the west. (A map of all the facilities is provided in
the Appendix.)

Figure 1: The Municipal Sewage Treatment Facility—Louisville, Kentucky.

According to the 1990 Census of Population and Housing, 27,513 persons (in 10,824 households)
resided within 1 mile of the industrial center that includes the MST. There were 3,136 children
aged 6 years or younger and 3,417 adults aged 65 years or older [2].

There were 1727 children aged 18 years or younger residing within one-quarter mile of the MST
facility [3].
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Methods

Environmental Sample Collection

During April 16 through19, 2001, ATSDR sampled for airborne H,S in the Rubbertown
community and on the MST facility. This time was chosen because the facility is about to modify
the process that produces H,S. Sampling took place on the MST facility both day and night.
Sampling in the community was limited to the daytime hours, because of the instrument power
requirements and limited access to MST at night.

Because short-term peak concentrations were anticipated, sampling results were received in real
time (that is, during the investigation). The investigation centered around the MST facility;
however, community monitoring included distances up to 4 miles (6400 meters [m]) downwind.

Instrument Operation Theory

Continuous H,S measurements were recorded using two real-time sampling instruments, the
Zelweger™ tapemeter and the fluorometer co-developed by ATSDR and Texas Tech University
[4,5].

The tapemeter measures H,S by monitoring the colormetric reaction of H,S on a lead acetate
impregnated tape. Ambient air is pumped in and impacts the tape for 15 minutes. An optical
device measures the absorbence on a spot on the tape, and then the tape advances to the next spot.
The instrument has a mean detection level of 2 parts per billion (ppb) and measures up to 90 ppb.

The fluorometer measures H,S continually (and records 60 measurements a second) by
monitoring (the loss of) fluorescence caused by H,S reacting with a fluorescein mercuric acetate
(FMA) solution. Ambient air is pumped countercurrent to the FMA solution flow, and an optical
device monitors the fluorescence of the solution. The instrument was set for a mean detection
level of 1.4 ppb and to measure up to 160 ppb (although adjustable). The instrument self zeros by
pumping in the ambient air, stripping out all of the available sulfide (via ion capture), and then
measuring the fluorescence of the sulfide free air. The instrument automatically calibrates by
using an internal calibration stand of 16.7 ppb of H,S in air. The zero and calibration is
performed automatically when the instrument is turned on and then cycles once every 2 hours
(this duration is adjustable).

Since the MST facility had limited nighttime access and there was a need to sample both at the
facility and in the neighborhood, we chose to sample in the community during the day time and
leave the instrument operating on the facility over night.
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The tapemeter and the fluorometer were selected because no other portable methods for
measuring real-time peak and continual low concentrations of H,S currently exist. ATSDR has
successfully monitored H,S and other chemicals with tapemeters in recent years.?> The
fluorometer was developed to provide instantaneous measurements that enable scientists to “sniff
out” specific sources of pollutants. The quick response enables users to carry the instrument
around to find sources of H,S emissions.

Results

The results are described in terms of the data collected (a) during stationary monitoring at the
MST facility with both the tapemeter and the fluorometer and (b) during mobile monitoring of the
facility and community to “sniff” for down-wind H,S with the fluorometer.

Stationary monitoring

The highest 15-minute average H,S concentration measured during this exposure investigation
was 72 ppb, detected with the fluorometer instrument at an MST building located over 700 ft
from the main source of H,S (the MST raw sewage intake). The highest 30-minute average H,S
concentration was 52 ppb. The average onsite concentration measured by the fluorometer was 21
ppb, and the average concentration measure onsite by the tapemeter was 12 ppb (however, the
tapemeter’s average was based on fewer readings). The concentrations detected throughout the
week are provided in Figure 2.

Measurements are traced in blue for the Fluorometer and in red for the tapemeter. A dotted line
indicates measurements made while the instruments were unattended. The tapemeter readings
were much lower than the fluorometer. We discovered that the tapemeters bubbler (humidifier)
was dry the next morning. Because the tapemeter’s operation is dependent on humidity, we
believe that it lost its sensitivity to the H,S in the dry air.

’Field work has been executed through an Inter-Agency Agreement effort with the EPA’s Environmental
Response Team.
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Figure 2: Average Fluorometer and Tapemeter Hydrogen Sulfide Concentrations* (ppb)
Collected during MST Stationary Monitoring—Exposure Investigation:
Louisville, Kentucky, April 16-19, 2001.

*Fluorometer measurements are shown with a blue line and the tapemeter measurements are shown with a red line. (The dotted box
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indicates a period when the tapemeter may have underestimated because of the lack of humidity/water in the sample.)
Mobile monitoring

Only the fluorometer was used to conduct mobile monitoring of H,S, because the tapemeter
requires a long sampling period. Several thousand measurements were recorded, during the day,
while driving the fluorometer around the MST campus and throughout the adjacent neighborhood.
Data was collected up to 4 miles downwind of the MST facility. All measurements made adjacent
to homes were less than 10 ppb.

A series of measurements directly downwind of the MST

On April 18™ we made five series of H.S measurements at several distances downwind of the raw
sewage tank. The fluorometer provides the time that each sample was collected. Since the
samples were collected while moving the instrument, a log was kept that denotes the time and
location of every sample. Distances from the raw sewage tank were estimated using a map. Peak
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H,S levels were above 100 ppb near the MST facility’s raw sewage tank. The instrument’s
measurements decreased steadily downwind, 28 ppb at 200 meters, and so on. All of the mobile
measurements made on the 18" are presented in Figure 3.

Figure 3: Peak Hydrogen Sulfide Concentrations (ppb) Collected with the Fluorometer
Downwind From the Municipal Sewage Treatment Facility—EXxposure
Investigation Louisville, Kentucky, April 18, 2001.
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Peak measurements are labeled with distance from the source of emissions (labeled above the peaks).
ppb = parts per billion by volume.
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Discussion

Peak concentrations in the community were below 10 ppb. Concentrations decreased substantially
with distance from the facility; the samples presented in Figure 3. lllustrate the decrease well. To
better understand how the atmosphere causes a decrease of H,S with distance from the raw
sewage tank, we modeled the movement and dispersion of the H,S down wind and then compared
the model predictions with the field measurements. A comparison of the modeled and measured
data is presented in Figure 4.

Figure 4: Hydrogen Sulfide Concentrations Collected at 5 m, 200 m, 400 m, and 1600 m
Downwind of the Municipal Sewage Treatment Facility and a Gaussian Model-
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was 6 m/s and moderate sun (stability class C). Since actual emission rates are unknown, the Gaussian predictions are normalized
(factored) so that the measured concentration at 400 m is equal to the predicted value.

The model predictions were in good agreement with the field measurements. This agreement
gives us confidence that measurements were made at the proper locations to make exposure
determinations for the period of the investigation.

Measurements and predictions indicate that atmospheric effects substantially reduce
concentrations downwind. Two consequences of atmospheric effects are dispersion and decay.
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Dispersion of H,S is caused by the movement of air. Decay of H,S is caused by chemical
reactions --most notably with ozone and sunlight, where H,S oxidizes to sulfur dioxide and water.

The weather conditions and the H,S concentrations measured at several downwind locations were
used in a prediction equation® and revealed little effect of H,S decay. This was only true when
measuring H,S in open areas downwind of the raw sewage tank and not true when collecting
measurements near trees or power utilities where increased decay is possible.

No other chemicals were measured during this investigation. However, chemicals other than H,S
are present in the wastewater at MST. Many of these chemicals (such as amines) are odorous and
persist in the air of the community long after H,S levels subside. Most people cannot smell H,S
(sewer-gas odor) at levels below 5 ppb in the air. However, other odors associated with the MST
persisted and could be sampled for more than 3 miles downwind. The instrument did not detect
H,S beyond 3 miles and only trace levels (below 1.3 ppb) beyond 1 mile. We observed this by
traveling way from the site, smelling the odors, and watching the measurements drop. We stayed
directly downwind by smelling the MST’s characteristic odors. Knowing that odors persisted
despite the lack of a measurement suggests that other odorous chemicals (like amines), which are
common at waste handling and waste water facilities, are at the MST site [6].

Limitations of the Instruments

Field performance of the tapemeter is well known [7]. The only major limitation has been the
tapemeter’s relative humidity dependence. Lead acetate requires relative humidity greater than
50% for H,S to react predictably to form lead sulfide. To correct this, a bubbler was placed in-
line to humidify the sample. However, when unattended, the bubbler can run dry, as observed
during the one night. The colormetric reaction occurs freely with many sulfides. However, H,S
is usually at much higher levels than the other organic sulfides. The tapemeter remained on the
facility because the available unit operated on a 110-Volt line current.

We have only used the fluorometer at two sites. So, there is limited validation data available to
support the effectiveness of the fluorometer in the field. In this field study, both instruments
provided comparable results (Figure 2). The fluorometer’s internal zero check and 16.7 ppb
check were accurate [8]. These checks were repeated throughout the sampling event. The FMA
solution has little relative humidity dependence. The loss of fluorescence occurs with some
sulfides. However, since those naturally formed sulfide containing compounds are larger than
H,S, we could make a selectively permeable tube with small holes to limits the entrance of
molecules larger than H,S. The actual pour sizes can be seen in the Figure 5 photomicrograph of
the material.

3Gaussian diffusion solution, Industrial Source Complex Short Term Model, EPA 1995.

8
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Figure 5: Photomicrograph of the Teflon Core.

Also, the FMA, inside the tube, is continuously flowing which reduces the reaction time for those
sulfides that do get into the tube. Therefore, measurement of the smaller and quicker reacting
H,S is optimized. A fishing line optimizes the H2S reaction further by increasing surface area of
the FMA (while decreasing volume). A diagram of the fluid flow through the Teflon tube is
shown in Figure 6.

Figure 6: Fluorometer Chemistry Flow Diagram
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FMA outlet Teflon jacket FMA inlet
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In the “normal” flow mode, methyl mercaptan was shown to produce a 30% response; that is, a
3.3 ppb of methyl mercaptan will produce a 1 ppb (false) H,S reading [9]. Cystine and cysteine,
being much larger, would have less of a response, experiments without the selectively permeable
tube, showed a 20% interference [10].

The highest 15-minute concentration detected by the fluorometer (72 ppb) was not confirmed by
the tapemeter. The highest tapemeter measurement was 35 ppb; this sample was taken
concurrently with the 72 ppb fluorometer reading (Figure 2). The lower tapemeter value might
have resulted from the loss of water in the bubbler overnight.

Limitations of Sampling Time

Community sampling was limited to the day time, and daylight produces ozone, which oxidizes
H,S. Although little decay of H,S was observed in this investigation,* other H,S studies have
revealed this as a strong effect [11]. Since, atmospheric conditions observed during the
investigation were not the worst case possible, and since measurements agree with model-
predicted decay downwind, the model can be used to predict the worst case concentrations. Since
the atmosphere may be five times less likely to disperse H,S at night, concentrations may be as
much as five times more than those measured in the community (and as high as 30 ppb).

Exposure Implications

Low-level H,S exposures are common, because plants, animals, and humans produce H,S. Some
effects from H,S exposure are well understood. Many studies of low-level exposures found no
adverse health effects; however, the lowest exposure level in which an effect was observed was
2,000 ppb. In that study, two out of 10 asthmatics had bronchial obstruction after 30 minutes [12].
ATSDR reviews H,S exposure studies and uses safety factors to estimate a level at which no
adverse health effect is anticipated (that is, the minimum risk level [MRL]) [13]. The acute MRL
for H,S is 70 ppb (based on a 30 minute exposure) and the intermediate MRL is 30 ppb (based on
a 90 day exposure). A recent study has noted an increase in asthma-related hospital visits among
children following days when HS levels are above 30 ppb [11].

Exposures Near the MST

H,S concentrations were below 10 ppb in the community during the day. This is below any
health comparison value and is not a health hazard.

No H,S measurements were made in the community over night, but they might be higher because
there is less decay and dispersion at night. Night-time exposures to H,S in the community are not

4, . ... . .
High levels of decay were revealed under certain incidences, but little or none was measured during the 5
measurements in Figure 4 and these measurements were collected midday when sunlight was nearly maximum.
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expected to be as high as those at the facility, because there is still some dispersion at night.
Dispersion is usually three times more effective during the day. Recalculating the predictive
model (as in Figure 4) for night time conditions indicates that concentrations 400 meters
downwind (one-quarter mile) could be as high as 30 ppb (instead of <10ppb).

We wanted to determine if likely peak events could be harmful to the public, so we looked at the
worst-case onsite data. Although most the residents live over 100 meters from the H,S emissions,
evaluating H,S measurements onsite should be protective of the residents’ health, yet not
unrealistic of exposures. The highest 30-minute concentration onsite (52 ppb) was below the
acute MRL (70 ppb), and the average concentration (21 ppb) was below the intermediate MRL
(30 ppb). Therefore, the levels measured are not hazardous for adults. However, peak night-time
(1 min) concentrations were as high as 100 ppb with an associated 24-hour average of 35 ppb.
This level is higher than the 30 ppb-level associated with an increase in hospital visits for asthma-
related symptoms in children. Therefore, night-time concentrations might occasionally create
discomfort for asthmatic children when there are high emissions and the wind speeds are low and
blow from the facility and toward the community. There are 1727 children within one-quarter
mile of the MST facility. Given that winds blow toward the some of the community 17% of the
time, and possibility that the emission rates are higher in the summer, it is possible that an
asthmatic child may be exposed to levels that may exacerbate their respiratory condition [14].

Additional Information
The MST facility plans to replace the current process that produces the most H,S on their facility.

Conclusions

This exposure investigation is based on limited air sampling conducted in the Rubbertown area
during April 16-19, 2001. Our conclusions from this sampling are as follows:

1. Concentrations of H,S detected in the community’s ambient air are not expected to pose a
public health hazard.

2. Concentrations of H,S detected onsite may pose respiratory discomfort to asthmatic children
living downwind.

3. The fluorometer instrument provided H,S measurements for identifying sources and
characterizing peak exposures.

4. Odors persisted when H,S was measured below levels detected by smell. Other odorous
chemicals are present.

11
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Recommendations

1.

When night-time odors are strong, parents of asthmatic children who live near the MST
facility should reduce their children’s exposures to H,S by closing windows.

Additional monitoring after the facility’s operations have changed is recommended to
document reduction in H,S levels. The fluorometer is ideal for follow-up investigation of
peak levels.

Should other odor investigations be considered, we recommend concurrent sampling for
ammonia and other amines along with H,S. The fluorometer may be adapted to provide real-
time measurements of amines.
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Appendix
Map of Rubbertown
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