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Preface

The Néebraska Department of Environmenta Quality (NDEQ) is proposing to establish an ambient air
quality standard for total reduced sulfur. The NDEQ is planning to present the proposd to the
Environmenta Quality Council at the June 1997 meeting. The purpose of this paper isto present the
proposed standard and to provide supporting information. The paper was prepared based on
information obtained through a scientific literature search which primarily focused on exposure to
hydrogen sulfide and total reduced sulfur by way of the inhdation pathway. The literature search
deliberately focused on low-leve toxic effects as these are the concentrations that are expected to be
encountered in ambient ar. In addition, NDEQ located and reviewed dl available current well-
documented and well-controlled studies and information related to associated exposures.

This paper contains findings from numerous occupationd, epidemiologica, anima, and welfare sudies.
A number of on-line databases, severd library searches and state surveys were used in preparing this
document. Interviews were conducted with the leader of the Universty of Alberta research team, and
with personnd from the Agency for Toxic Substances and Disease Regidtry, and the Nebraska
Department of Hedlth and Human Services.

The Department would like to thank Dr. Y agesh Bhambhani, Dr. Adi Pour, Dr. John Rudersdorf, and
the Minnesota Air Quality steff for their advice and assstance. Their willingness to share their
considerable expertise has been invduable.

This document was prepared by Shelley Kaderly of the Implementation and Monitoring Unit in the Air
Qudlity Section. Questions regarding the document may be referred to Ms. Kaderly at (402) 471-
21809.
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Definitions

Acute Exposure: A one-time or short-term exposure with a duration of lessthan or equd to 24
hours.

Critical Effect: Thefirst adverse effect, or its known precursor, that occurs as rate of exposure
increases.

Chronic Exposure: Multiple exposures occurring over an extended period of time or asgnificant
fraction of the exposed individud’ s lifetime.

Lowest-Effect Level (LEL): Lowest-Observed-Adverse-Effect Level.

L owest-Observed-Adverse-Effect Level (LOAEL): Thelowest exposure leve at which there are
datigticdly or biologicdly significant increases in frequency or severity of adverse effects between the
exposed population and its appropriate control group.

Modifying Factor (MF): An uncertainty factor that is greater than zero and less than or equd to 10;
its magnitude reflects professiond judgment regarding scientific uncertainties of the database or study
design not explicitly treated by the uncertainty factors (e.g., the number of animadstested). The default
vaueisl.

No-Observed-Adverse-Effect Level (NOAEL): An exposure levd a which there are satisticdly or
biologicdly sgnificant increases in frequency or severity of adverse effects between the exposed
population and its gppropriate control group. Some effects may be produced at thislevd, but they are
not considered as adverse or precursors to specific adverse effects.

Reference Concentration (RfC): An estimate (with uncertainty spanning perhaps an order of
magnitude) of a daily concentration received by the human population (including sengtive subgroups)
that islikely to be without an gppreciable risk of deleterious effects during alifetime. Theinhdation
reference concentration is for continuous inhalation exposures and is expressed typically in mg/nt.

Subchronic Exposure: Multiple or continuous exposures occurring over about 10% of an
experimental species lifetime, usudly & least 3 months.

Threshold: The dose or exposure below which a sgnificant adverse effect is not expected (non-
carcinogenic only).

Uncertainty Factor (UF): Oneof saverd, generdly 10-fold factors, used in operationaly deriving
the RfD from experimental data. UFs are intended to account for (1) the variation in sengitivity among
the members of the human population; (2) the uncertainty in extrgpolating anima data to humans, (3) the
uncertainty in extrgpolating from data obtained in a study thet is of less-than-lifetime exposure; (4)
uncertainty in usng LOAEL datarather than NOAEL data; and (5) the inability of any single study to
adequately address al possible adverse outcomes in humans.
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1. Introduction

Tota Reduced Sulfur (TRS) consigts of the tota sulfur from the following compounds: hydrogen sulfide
(H2S), methyl mercaptan (CH;SH), dimethyl sulfide ((CHs),S), and dimethyl disulfide (CH;SSCH3)
(87). These TRS compounds occur naturdly in the environment. H,S makes up the grestest
proportion of TRS. As much as 90 percent of al H,S found in the environment is naturaly occurring.
Naturally occurring air concentrations of H,S are estimated to be between 0.00011 and 0.00033 parts
per million (ppm) (72). The Department has concluded that from atoxicologica standpoint TRS and
H,S are interchangeable. A detailed examination of thisissueisfound in Section 5. Throughout the
document references will be made to both TRS and H,S. When H,Sisused, it is primarily because the
information NDEQ examined specificaly referenced H,S.

TRS compounds are dso present in the gases from numerous industrial manufacturing processes.
Levds exceeding these typica ambient concentrations have been measured in the ambient ar in the
Dakota City, Nebraska, area. In order to protect the public health and welfare, the NDEQ is
proposing to establish ambient air quality standards for TRS. The NDEQ is planning to present the
proposal to the Environmental Qudity Council at the June 1997 mesting.

2. NDEQ’s Regulatory Authority

The NDEQ is respongble for ensuring that all Nebraskans are not exposed to unacceptable levels of
contaminants in the ambient ar. In creating the Department of Environmenta Qudity, the Legidaure
declared their purpose in the opening statement of the Nebraska Environmenta Protection Act
(NEPA). Section 81-1501 states:

Whereas the water, land, and air of this state are among its most
precious resources and the pollution thereof becomes a menace to the
health and welfare of each person, and the public in general, in this
state and whereas pollution of these resourcesin this stateislikewise a
concern in adjoining states, the public policy of this state is hereby
declared to be....

to achieve and maintain such a responsible degree of purity of the
natural atmosphere of this state that human beings and all other
animals and plants which are indigenous to this state will flourish in
approximately the same balance as they have in recent history and to
promulgate laws, rules and regulations and enforce uniformly the same
in such a manner asto give meaningful recognition of the protection of
each element of the environment, air, water, and land

In Section 81-1504 of NEPA, the Department is given the following express power and duty:
to develop comprehensive programs for the prevention, control and

abatement of new or existing pollution of the air, waters, and land of
the state



2.1 Air Pollution
Air pollution is defined in Title 129-Nebraska Air Quaity Regulations as.

the presence in the outdoor atmosphere of one or more air contaminants or
combinations thereof in such quantities and of such durationsasare or may tend to be
injuriousto human, plant, or animal life, property, or the conduct of business

2.2 Air Contaminants
Air contaminants are defined in Title 129 as.

the presencein the outdoor atmospher e of any dust, fume, mist, smoke, vapor, gas,
other gaseousfluid, or particulate substance differing in composition from or exceeding
in concentration the natural components of the atmosphere

2.3 Ambient Air
Ambient air isdefined in Title 129 as;

the portion of the atmospher e, external to buildings, to which the general public has
access

To fulfill the obligations of the Satute, the Department is proposing to establish ambient standards for
TRS. These ambient sandards will ensure that the public throughout the state will be protected from
adverse hedlth and welfare effects caused by exposuresto TRS.

3. Purpose of the Ambient Air Quality Standards

Ambient standards protect the public from adverse hedth and welfare effects associated with air
pollutants. Federal standards exist for particulate matter, ozone, carbon monoxide, lead, nitrogen
dioxide, and sulfur dioxide. No federd ambient air quality standards exist for TRS or H,S, the primary
component of TRS. A survey of 49 states conducted by the NDEQ reveds that 27 states currently
have standards for H,S (see Section 10.0)

3.1 Need for Establishing a Total Reduced Sulfur Standard

Over the last severd years the NDEQ has received numerous complaints pertaining to odor in the
Dakota County area. The NDEQ does not regulate odors and is not proposing to regulate odors.
Odors and nuisances are typically addressed by loca governments. 1n June 1994 the NDEQ began
recelving complaints specific to H,S exposures in the Dakota County area. A joint inspection
conducted by NDEQ and the Nebraska Department of Health and Human Services (NDHSS)
(formerly the Nebraska Department of Hedlth) in August 1994 found evidence of H,Semissons. This
evidence included hedlth complaints cons stent with the effects of exposure to H,S and visible corrosion
on buildings and other outdoor structures. Subsequently, complaints specific to H,S exposures were
received from Omaha, Wakefield, and Lexington. Congstent with statutory obligations, the NDEQ in
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1995 initiated an H,S ambient monitoring program in Dakota County and found levels above what
normally would be expected in the environment. |nstantaneous readings were recorded as high as 47
parts per million (ppm). A review of existing state standards showed that levels detected in Dakota
County exceeded other states standards. The monitoring network was expanded in February 1996,
October 1996, and again in March 1997.

In the course of monitoring, NDEQ learned that the instrumentation was subject to interferences from
mercaptans. NDEQ researched aternative monitoring methods but could find no rdigble, viable
method specific to H,S. While there are andyticd methods to measure H,S emissons from point
sources, these methods are not applicable for ambient monitoring for two primary reasons--expense
and long-term reliability. Reliable and viable methods do exist for TRS. The NDEQ reviewed
information on the hedlth effects of TRS, the physical and chemicd properties of TRS, and the literature
references of typicd TRS emisson sources. Thisinformation was compared to that of H,S, and the
NDEQ concluded that TRS is a reasonable substitute for H,S (see Section 5.0).

Citizens in Dakota County, aswell as other areas of the state, continue to express concerns over
exposureto TRS. While the NDEQ has not directly correlated the reported problems with monitored
levels, the symptoms reported in terms of both health and welfare are consstent with what is commonly
experienced when humans are exposed to TRS.

3.2 Summary of Monitored Levels

The Department initiated ambient monitoring in Dakota County during August 1995. The
instrumentation used was a Jerome 631-X portable H,S sampler. The instrument was set up to take an
instantaneous sample every five minutes. The purpose of the monitoring was to establish what levels of
H2S exiged in the ambient air in the Dakota City/South Soux City area. Hydrogen sulfide levels as
high as 47 ppm (instantaneous sample) have been recorded in the ambient air with the Jerome
ingrument. Monitoring was expanded in February 1996 to include a meteorologica dtetion.

Monitoring was expanded again in October 1996 to include a continuous H,S ambient monitor (Dasibi
4108). The Dasibi provided one-minute and one-hour averages. The Jerome and the Dasibi both were
subject to interferences from mercaptans. In March 1997, the Department installed a continuous TRS
ambient monitor (API 102A).

Snceingdling the Dasbi H,S monitor in October 1996, the highest one-minute level the Department
has recorded as of May 7, 1997, was 3.26 ppm in April 1997. Accordingly, the NDEQ has not
recorded any one-minute averages that exceed the proposed hedth standard of 10 ppm for aone-
minute timeframe.

The highest 30-minute average the Department has recorded--1.68 ppm--occurred April 25, 1997.
Thiswas well above the 0.10 ppm proposed health standard. In March 1997, 30-minute averages
were commonly as high as 0.40 ppm, and in April 1997, several 30-minute averages were above 1.0
ppm. Of 30-minute averages recorded by the Department in April 1997, approximately 30 exceeded
1.0 ppm and 165 exceeded 0.40 ppm. The proposed 30-minute health standard has been exceeded
routingly.



The highest 30-day average--0.012 ppm--occurred in January 1997. This was above both the 0.005
ppm and 0.01 ppm proposed 30-day standards. Although NDEQ has not established a monitoring
program for relative humidity, it is expected that the relative humidity in the Dakota County areais
greater than 60 percent.

The NDEQ has not yet established a monitoring program for other communitiesin the date. The
NDEQ has plansto initiate a monitoring program in the city of Lexington during the summer of 1997.

4. Physical and Chemical Characteristics

The proposed definition of TRSin Title 129, Nebraska Air Quality Regulations, isthe sum of the
compounds.  hydrogen sulfide (H,S), methyl mercaptan (CH;SH), dimethyl sulfide ((CHs),S), and
dimethyl disulfide (CHs SSCHs) (87). The TRS compounds are often referred to as maodorous sulfur
compounds. Hydrogen sulfide is a highly odorous and colorless gas with a characteristic rotten egg
amell at low concentrations. Methyl mercaptan has been described as having a garlic or rotten cabbage
odor. Dimethyl sulfide and dimethyl disulfide so have a pervasive and offensive odor (29). The odor
perception threshold for H,S varies consderably with individua sengtivities but is usudly in the range of
0.003 to 0.012 ppm (parts per million). The odor threshold is even lower for methyl mercaptan at
0.0016 ppm (128). The Cdifornia Air Resources Board contracted for an extensive sudy of the
perception of H,S odor. The contractor determined that at 0.03 ppm 83 percent of the population
detected the odor and 40 percent experienced annoyance (99).

The following conversion is assumed for TRS: 1 ppm = 1.417 mg/nt (EPA CFR 40 Subpart BB).

4.1 Hydrogen Sulfide

H,S has a chemica gructure of H-S-H. The molecular weight is 34.08. It isflammablein air and can
explode (96). Hydrogen sulfide dissociatesin water aswell as severd other polar organic solvents. It
isreaedily oxidized by severa agentsincluding: hydrogen peroxide, oxygen, ozone, and sulfur dioxide.
H.S may dso react with metals and acids (73). Hydrogen sulfide has a tendency to be released from
water when pH levels are dightly to very acidic (6.0 and below). Asthe temperature increases, the
solubility in water decreases. Unless sufficiently high heeats are gpplied in the industrid process, H,S
remains the sngle-largest TRS compound found in the environment. H,S has a specific gravity of 1.19
compared to air, and therefore tends to accumulate in low-lying areas (127). This characterigtic
accounts for the number of poisonings resulting from oil drilling, manure sawage handling, and
wastewater treatment processes (80).

4.2 Methyl Mercaptan

Methyl mercaptan has a chemica sructure of CHs;-S-H and amolecular weight of 48.11. It is soluble
inwater and dcohol. Methyl mercaptan has a specific gravity of 0.867 and therefore is dightly lighter
than air. It isvolatile with aboiling point of 43° F (127). Depending upon factors such as pH and
temperature, the ratio of methyl mercaptan to H,S usudly is between 1:50 and 1:100 from wastewater
systems (98).
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4.3 Dimethyl Sulfide

Dimethyl sulfide has a chemica structure of CH;-S-CH3 and amolecular weight of 62.13. It isnot
soluble in water but is soluble in acohol and ether. Like methyl mercaptan, it islighter than air. It isnot
volatile with aboiling point of 99° F under sandard pressure (127). Dimethyl sulfide is not expected to
be found in the environment in Sgnificant quantities.

4.4 Dimethyl Disulfide

The chemicd sructure for dimethyl disulfide is CHz-S-S-CH3. The molecular weight is94.2. It isnot
volatile with aboiling point of 242° F (47).

45 Conclusion

The formation of the heavier organic sulfides such as dimethyl disulfide is not favored over the formation
of H,S (98). For practical purposes, H,Swill be the only TRS compound found in significant quantities
in the environment in Nebraska

5. TRS as a Surrogate for H,S

A prerequiste to any ambient air quaity sandard is the availability of a reliable ambient monitoring
method. The monitoring equipment must be selective for the compound of concern and not subject to
interference from other compounds. Furthermore, the equipment must be able to operate for extended
periods of timein field conditions. While there is monitoring equipment which can quantify H,S, that
equipment is designed to be used for source emissions and not gpplicable to continued operation in
ambient environments. The ambient monitoring equipment used in many H,S applications is subject to
interferences from mercaptans. Because of the limitations of available H,S ambient monitoring
equipment, and because of the toxicologica smilarities of H,S and TRS, the NDEQ €l ected to propose
an ambient standard for TRS.

5.1 Toxicological Considerations for Using TRS as a Surrogate for H,S

Of the compounds that make up TRS, the most studied isH,S. Hydrogen sulfide is one of the leading
causes of sudden degth in the workplace and is both an irritant and a toxic asphyxiant (13). Hydrogen
aulfide reversbly inhibits the cytochrome oxidase system, thereby blocking aerobic metabolism.
Hydrogen sulfide poisoning symptoms are similar to cyanide except that H,S also produces signs--such
as conjunctivitis of the eyes or pulmonary edema--of an irritant gas (12).

Little information is available on the toxic effects of TRS as awhole in the ambient environment. Most
human studies on TRS involve the kraft pulp and paper industry. The Department in conjunction with
the Department of Hedlth and Human Services has reviewed toxicologica informeation to see what
relationship exists among the four TRS compounds. The following are toxicologica condgderations for
using TRS as a subgtitute for H,S:

H,S and methyl mercaptan affect the body by a smilar mechanism, causing inhibition of cdlular
respiration which is the precursor to asphyxiation (11, 42, 55, 56).
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Individuas exposed to TRS report smilar symptoms as those exposed to H,S. These symptoms
include eye, nose and respiratory irritation, and headaches (29).

In terms of letha effects occurring from a short-term exposure, methyl mercaptan, dimethyl disulfide
and hydrogen sulfide are of the same order of magnitude (54).

In an LCs, test, an equimolar mixture of methyl mercaptan, dimethyl disulfide, and methyl sulfide
was astoxic as H,S (54). This suggeststhat TRS has a smilar toxicity as H,S.

All of the TRS compounds are toxic to the respiratory systlem. Thereis experimenta evidence that
the nasal passages are the most sengitive part of the respiratory system for H,S (26) and dimethyl
aulfide (124). It isadso suggested that the nasal passages would be sengtive targets for dimethyl
aulfide and methyl mercaptan (124).

An epidemiologica study on the hedith effects of TRS emissons from pulp mills showed that the
occurrence of eye and nasal symptoms and cough was grester among those exposed to levels up to
0.07 ppm (daily average) than those not exposed to TRS emissions (29). These symptoms are smilar
to those reported from H2S exposure. Other epidemiological studies conducted in Finland in
communities with elevated levels of TRS emissions report Smilar findings. Partti-Pdlin distributed a
sdf-administered questionnaire and concluded that those in the TRS-exposed community reported
coughs, respiratory infections, and headaches in excess of the unexposed community (36). Thereative
risk for headache was sgnificantly greater in the exposed community. In a 1992 study Haahtela found
that during periods of exposure & levels above 0.025 ppm (daily average), reports of eye and
respiratory symptoms were greater than during a reference period (21).

5.2 Physical Characteristics

As described in Section 4.0, theterm TRS is used to refer to the total concentration of sulfur from
hydrogen sulfide (H,S), methyl mercaptan (CH;SH), dimethyl sulfide ((CHs).S), and dimethyl disulfide
(CH3 SSCHj) (87). These compounds are the primary congtituents that cause a pervasive and
offengve odor in the ambient air (36). Of these four compounds, H,Sis the most likely to become
gaseous in the ambient environment. Methyl mercaptan is the only TRS compound other than H,S
which may be emitted in measurable quantities. Depending upon temperature and pH, the ratio of
mercaptan to H,S is usudly between 1:50 and 1:100 for waste water trestment facilities (98). In order
for the compounds other than H,S to be released into the environment, the application of hegt is
typicaly required.

5.3 Monitoring Considerations

In response to complaints of hydrogen sulfide and after review of other state standards, the Nebraska
Department of Environmentad Quality initiated a monitoring program for hydrogen sulfide.
Subsequently, we learned the instrumentation was subject to interferences from other reduced sulfur
compounds, such as mercaptans. These interferences could cause the instrument to be biased on the
high sde. The Department examined existing H,S monitoring methods and found that there are no
available methods which are continuous, reliable, and practicable. In order to demongtrate compliance
with the standards, methods which accurately measure the compound(s) of concern must be used.
Totd reduced sulfur (TRS), of which H,S isthe primary congtituent, can be measured in an accurate
and precise manner. Monitoring for TRS diminatesinterferences as al compounds are taken into
condderaion. Asprevioudy explained, whileit is expected there will be inggnificant amounts of, if any,
mercaptans present in samplesfor H,S, in order to address the interference issue the Department
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elected to monitor for TRS. Given the physicd and toxicologica characteristics, monitoring for TRS
accomplishes the Department’ s objectives to protect the public hedth and welfare from H,S.

The Department conducted side-by-side monitoring in Dakota County which demondrate that TRSisa
reasonable surrogate for H,S.

6. Potential Sources of TRS

TRS occurs naturaly as aresult of microbia degradation of sulfates under anaerobic conditions and the
bacteria decompostion of proteins. A combination of an anaerobic environment and organic materia
containing sulfates will result in the production of TRS compounds (13). Hydrogen sulfide may aso be
produced by the action of dilute acids of iron sulfide or other sulfides, by heating sulfur with paraffin, or
by the direct combination of sulfur and hydrogen. Hydrogen sulfide is present naturaly in the gases from
volcanoes, cod pits, gaswells (sour gas), sulfur springs, petroleum, and stagnant bodies of water. TRS
may occur in sewage as aresult of industrid discharges (22).

Severd types of industry use hydrogen sulfide in the manufacture of products. It isused asareagent in
the production of inorganic sulfide to make dyes, plastics, leather products, pharmaceuticals,
organosulfur products and rubber chemicas. It isused in metalurgica waste trestment and recovery
processes to separate metals. Hydrogen sulfide used commercidly in the United States is primarily
derived from crude ail refining (in which sulfides occur naturaly) or from “sour” natural gas. When
aulfides are removed from crude oil, sulfur compounds are converted to H,S. Mot of thisH,Sis
converted to sulfuric acid and elemental sulfur (22). Hydrogen sulfide has been used in the production
of heavy water for nuclear reactors (12). TRS can be found in the emissions from kraft pulp paper
plants and tanneries.

Typical Nebraska sources that produce TRS compounds include packing plants, lesther tanneries,
municipa and industrial sewage treatment plants, livestock waste control facilities, composting
operations, anima rendering plants, sugar beet processing plants, and oil and natura gas extraction Stes.

7. Workplace and Ambient Concentrations

According to estimates provided by EPA (73), the concentration of H,S in some selected workplaces
are:

0.002-0.016 ppm sewage trestment plant

0.054 ppm ulfate pagper mill
0.216-0.933 ppm sewage trestment plant of a sulfate paper mill
< 15 ppm viscose rayon plant

Ambient ar isthe ar outsde of buildings to which the public has access. Naturdly occurring ambient
levels of H,S tend to be on the order of 0.00011 to 0.00033 ppm (parts per million) (73).

8. Health Effects

Rdaively little information is available regarding long term exposure to low-level concentrations of TRS
or its components. Exposure to TRS compounds has been studied most frequently in occupationa
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setings. Regarding the hedlth effects of TRS compounds, hydrogen sulfide is the most studied due to
the fact that H,S is the most prevadent TRS compound found in the environment.

TRS compounds have documented effects on the centra nervous system, the respiratory system, the
mucous membranes, and the olfactory syslem. The human body can tolerate certain levels of TRS
exposure. Oxygen will oxidize the sulfur compounds into thiosulfates which are excreted through the
kidneys. If too much thiosulfate is present, the body cannot keep pace and cells may not receive
aufficient oxygen to survive. For purposes of human exposures, thisis the first adverse hedth effect, or
critical effect. Hydrogen sulfide interacts with enzymes and other macromolecules, including the
hemoglobin and myoglobin. These macromolecules are held together by disulfide bonds which are
disrupted when exposed to sulfide in an agueous solution. The critica target enzymes are the
cytochrome oxidase which are needed to supply cells with sufficient oxygen. The effect of H,S can be
best described as asphyxiation. Thisis sSmilar to how cyanide effects the body (20). Studiesindicate
that in hedthy, moderately exercisng men, inhibition of cytochrome oxidase occurs a levels of exposure
above 2 ppm (8).

Long-term exposure to low-level concentrations may cause chronic health effects (13). TRS
compounds produce their toxic effects from inhdation rather than from absorption through the skin (13).
TRS aso may decrease the body’ s ability to withstand infection (13). Based on available data, TRSis
not considered a human carcinogen (73).

Acute exposure to higher concentrations has been well documented to cause adverse hedth effects.
Asthmeatics experienced bronchia obstruction after being exposed to 2 ppm for 30 minutes. Exposure
to 10 ppm for four to seven hours causes eyeirritation (conjunctivitis) to occur. After one hour of
exposure to 50 ppm, eye and respiratory tract irritation is noticeable. The olfactory nerves fatigue after
exposure to 100 ppm. The nerves are paralyzed at 150 ppm. Prolonged exposure to a concentration
of 250 ppm may cause pulmonary edema. Bregthing stops after a few minutes of exposure at 500 ppm.
Respiratory paralysis and rapid collapse occurs at exposure to 1,000 ppm of H,S. Degth isimminent a
5,000 ppm (88). The following table summarizes the acute hedlth effects

ACUTE HEALTH EFFECTS OF TRSEXPOSURE LEVEL S(8s)

Clinicd Effects Exposure Leve
(PPM)

Bronchia obstruction in asthmétics after 30 minutes 2 (31)
Inhibited enzyme activity after 30 minutes >2 (8)
Conjunctivitis (eye irritation) after 4-7 hours 10
Eye and respiratory irritation after 1 hour 50
Olfactory nervesfatigue after 2-5 minutes 100
Pulmonary edema after prolonged exposure 250
Breething stops after 2-15 minutes 500
Respiratory Paralyss 1,000
Imminent Degth 5,000
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8.1 Human Health Studies

Although there is rdaively little information available regarding long term exposure to low-level
concentrations of TRS or its components, Sudies indicate that heath effects are present when humans
are exposed to low levelsfor alength of time. In Terre Haute, Indiana, atmospheric concentrations of
H,S reached .3 ppm (1-hour mean) due to the biodegradation of an industrial waste lagoon. Asa
result, there were 41 hedlth related complaints reported. Some of the symptoms included nausea, 10ss
of gppetite, loss of deep, headaches and shortness of breath (43). Studies surrounding pulp millsin
Finland indicate that residents exposed to daily averages exceeding 0.028 ppm TRS (40 ug/nT) were
more susceptible to subjective symptoms such as headaches, depression, tiredness, and nausea (36).
Another study in Finland concluded that the World Health Organization (WHO) recommendation of 0.1
ppm (daily average) did not provide protection from hedth effects such as cough and throat irritation
(21). A case dtudy involving a 20-month-old infant exposed to levels up to 0.6 ppm of H,Sfor one
year showed signs which suggested toxic encephaopathy. Ten weeks after the infant’s removal from
exposure the symptoms were reversed (18).

These type of epidemiologica studies must be examined with caution. Most of these studies contain
possible confounding factors such as stress, bias, poor exposure data, and exposure to other pollutants
which may have synergistic effects. Confounding factors interfere with establishing a clear cause and
effect relationship between pollutant exposure and documented hedlth effects. Although these type of
dudies are not the sound scientific studies upon which an ambient air quality standard can be based,
they provide good information in support of the establishment of a standard.

Wil-controlled human studies were conducted by ateam of researchers led by Dr. Y agesh Bhambhani
of the Univergity of Alberta, Canada. Following the Alberta Oil Well Blowout in 1982, the Bhambhani
team began studying the hedlth effects of H,S on humans. The team conducted well-controlled studies
of the effects of hydrogen sulfide on hedthy, exercisng men and women. The results of these studies
indicate that there are significant physiologica effects from short-term hydrogen sulfide exposure above
2.0 ppm (8). Specificdly, the blood lactate levelsin subjects were significantly increased, indicating
inhibition of cytochrome oxidase activity. Cytochrome oxidase is an enzyme respongble for the
eectrochemicd transfer of oxygen from the blood to the cdlls. Inhibition of this enzyme's activity results
in cdls not recelving adequate oxygen and may ultimately result in asphyxiation.

Another well-controlled study evauated the effects of H,S exposure on the respiratory systems of
asthmatic subjects (31). Although the author concluded that there were no significant changesin the
respiratory capacity of the asthmatics when exposed to 2 ppm hydrogen sulfide, two of the 10 subjects
experienced an increase of more than 30 percent in airway res stance and a decrease of more than 30
percent in specific airway conductance indicative of bronchia obstruction.

Table 8.1 lists each study the Department evaluated as part of development of this standard. Exposure
parameters and results are provided where available.
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Table8.1: Human Health Studies & Evaluations Summary

Reference

Y ear of Study

Exposure Parameters

Results/Discussion of Study

Addson (2)

1966

Acute--worker exposure
(levels unknown)

Thiswas an evauation of occupationa exposures. Three people died as
aresult of exposureto H,S gasin sewers. Autopsies reported each
person to have hemorrhagic pulmonary edemaand a greenish cast to the
blood and viscera. Brain tissues were greenish purplein color. Gas
chromatograph anayses of blood samples showed sgnificant leves of
hydrogen sulfide. Authors cautioned that no person should enter into an
environment with H,S gas without taking safety precautions.

Andrae (4)

1988

Chronic--children (levels of
TRS unknown as they were
not monitored)

The researchers distributed questionnaires to parents of 5301 children
aged 6 monthsto 16 years. Responses were received for 4990 of the
questionnaires. Children living near a paper pulp plant (source of TRS)
more often had symptoms suggesting bronchia hyperreactivitiy and
dlergic athma. Researcherslooked at children with other environmental
factors such as damp homes or exposure to second-hand smoke. The
author suggests that the results indicate that various moderate
environmenta pollutants may have synergidtic effects to increase
bronchid hyperreectivity and dlergy in children with afamily history of
dlergies.

Bhambhani (8)

1991

Acute--hedlthy men

exposedt00,0.5,2, & 5
ppm H,S on four separate
occasons while exercisng

The men exercised between 16 and 25 minutes, depending on their level
of fithess. The study found that blood lactate levels and oxygen uptake
were significantly increased when subjects were exposed to 5.0 ppm
H,S over control conditions. Subjective symptoms such as headache
were eliminated by exposing the subjects to the gas through a mouth
tube. The subjects were not able to detect the gas. Although the
authors concluded that the men could safdly exercise @ maximum levels
while exposed to 5.0 ppm H,S, they also stated that the increased blood
lactate levels were indications of inhibited cytochrome oxidase activity.
The sgnificant increases in blood lactate levels occurred at exposure
between 2.0 and 5.0 ppm.
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Table8.1: Human Health Studies & Evaluations Summary (Cont.)

Reference Year of Study | Exposure Parameters Results/Discussion of Study

Bhambhani (7) 1995 Acute--hedthy men and The results indicated that no Sgnificant changesin respiratory parameters
women exposed to 10 ppm | occurred as aresult of ord inhaation. The authors noted that the
for 15 minutes while subjects may not be representative of the worker populations which may
exercisng be exposed to H,Sin an occupationa setting. The subjects were

aerobicaly fit, had higher pulmonary functions than typica for their ages,
and had not been exposed previoudy on multiple occasions.

Bhambhani (9) 1996 Acute--hedthy men and The results showed that the concentration of an enzyme (citrate synthase)
women exposed to 5 ppm | sgnificantly decreased. Although not significant, there was a tendency
for 30 minutes while for the blood lactate and lactate dehydrogenase concentrations to
exercisng increase and cytochrome oxidase concentration to decrease. The author

noted that the fact that short-term exposuresto 5 ppm had an impact on
the aerobic metabolism in the study group may have implications on
current occupationa expasure limits.

Burnett (11) 1977 Chronic--review of hospita | The study looked at 5 years of hospital records, employee and employer

records (levels unknown)

reports, and coroner office records. A total of 221 cases were
reviewed. Most exposures were in workplace settings. Of the 221
exposures, 78% required hospital evaluation, 75% were unconscious
after exposure, and 13% were till unconscious upon hospita arrival.
Most of the subjects exhibited neurological symptoms. Fourteen (14) of
the 221 died as aresult of the exposure. The respiratory system was
affected in 39% of the cases.
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Table8.1: Human Health Studies & Evaluations Summary (Cont.)

Reference Year of Study | Exposure Parameters Results/Discussion of Study

Brooks (10) 1993 Acute--risk assessment Review of literature suggested that no serious adverse hedth effects are
from acute exposure to expected in these exposures for aduration lessthan 4 hours. Temporary
levels between 0.04 and eye irritation are the primary hedth effect. Author stated subjective
12.8 ppm H,S (1-hr max) | symptoms such as headache and nausea may result. Other factors may

increase the sengtivity of the community.

Dales (73) 1989 Chronic--population within | Found increased respiratory symptoms in young, but not older
300 sg. miles of anatura population. Symptoms included irritation and inflammeation of the
gas source (levels unknown) | respiratory mucosa. Other pollutants (sulfur dioxide and particulate

meatter) were present. Authors concluded more investigation was
needed on the hedth effects of chronic low-level exposure.

Donham (15) 1995 Chronic--swine confinement | Swine manure degradation is a source of TRS compounds. In this sudy
workers exposed to swine confinement workers were evaluated for respiratory diseases. The
unknown levels authors reported that Sgnificantly more confinement workers reported

chronic bronchitis than the control group. Other pollutants may have
contributed.

Gaitonde (18) 1987 Chronic--20 month old Child was reported to have tonic deviation of the eyes, involuntary

infant exposed to levels up
to 0.6 ppm for one year

movements and frequent falls. Tomograms of the brain showed sgns
which suggested toxic encephalopathy. Ten weeks after the infant’s
removal from the exposure, the symptoms were reversed. No
respiratory disease or other abnormadities found.
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Table8.1: Human Health Studies & Evaluations Summary (Cont.)

Reference Year of Study | Exposure Parameters Results/Discussion of Study
Haahtela (21) 1992 Acute--residents exposed Symptoms reported during the 2-day peak exposure period were
to peak concentrationsfor 2 | compared to symptoms reported during lower level days. Onthe
days. The highest 4-hr “control” days, the 4-hr H,S concentrations were between 0.00007 and
concentration of H,S was 0.002 ppm. Large portions of the population reported breathlessness
0.095 ppm. The 24-hr and menta symptoms during the pesk exposure period compared to no
averages for the 2 days reports of such symptoms during the “control” period. Eye symptoms,
were 0.025 ppm and 0.030 | cough, and throat irritation were reported sgnificantly more often during
ppm. the peak exposure period. The author concluded that the WHO
guiddine of 0.10 ppm 24 hour average is too high and does not provide
protection from adverse hedth effects.
Higashi (23) 1983 Subchronic--worker Compared to “non-exposed” workers (exposed to levelsless than 0.1
exposureto 0.3- 7.8 ppm | ppm H2S). Found no sgnificant difference in 8-hour pulmonary function
(average 3.0 ppm) H,S between two groups.
Jaakkola (29) 1990 Chronic--residential Chronic bronchitis and asthma were prevaent dightly morein the

exposureto TRS
compounds. Levelsup to:
Annua means
H,S = 0.006 ppm
CH3SH = 0.002 ppm
Daly means
H,S = 0.070 ppm
CH3SH = 0.024 ppm

moderatdy polluted and severdy polluted communities then in the non-
polluted community. Childhood eczemawas more prevaent in the non-
polluted community. Eye and nasal symptoms and cough were found
sgnificantly more often in the polluted communities. The occurrence of
symptoms was dose related. The people in the severdly polluted
community had more symptoms than those in the moderately polluted
community. The authors concluded that the WHO standard of 0.1 ppm
- 24 hour average does not protect against these type of adverse hedlth
effects.
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Table8.1: Human Health Studies & Evaluations Summary (Cont.)

Reference Year of Study | Exposure Parameters Results/Discussion of Study

Jaakkola (30) 1991 Chronic--children exposed | Infants showed a higher rate of respiratory infection than the reference
to ambient H,S levels 0.001 | city infant population. Synergidtic effects of al pollutants present may
ppm -annua mean and have been a contributing factor.

0.125 ppm -max 1/2 hour

Japinnen (31) 1990 Acute--Pulp mill workers Workers reported no subjective symptoms after exposure. A volunteer
exposed to 1-11 ppm H,S; | group of 10 asthmatics was aso exposed. Three of the 10 complained
and asghmatics at rest of headaches after exposure. No sgnificant changesin respiratory
exposed to 2 ppm H,Sfor | function for pulp mill workers, some changes in asthmatic subjects.

30 minutes

Jappinen & Tola(73) 1990 Chronic--worker exposure | Found dightly increased mortality rate over what would be expected.
(levels unknown) Pulp mill workers were area of focus.

Kangas (32) 1984 Acute-Chronic--worker Surveyed workers and found that the workers complained of headaches
exposure to 0-15 ppm and adecrease in the capacity to concentrate more often than the control
methyl mercaptan, 0-15 group. The number of sick leaves was greeter in the exposed workers
ppm dimethyl sulfide, 0-1.5 | than among the controls.
ppm dimethyl disulfide and
0-20 ppm H,S

Kilburn (33) 1995 Chronic--refinery worker Questionnaires were completed by residents, former workers, and
exposure ambient 24-hr controls. Author found that the exposed individuds were Satigticaly
averagesof 0-8 ppm H,S | Sgnificantly aonormd for two-choice reaction time, balance, color
and 6.1-70.7 ppm TRS discrimingtion, digit symbol, trail-making A and B, and immediate recall
between April 1987 to of astory when compared to controls.

January 1991
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Table8.1: Human Health Studies & Evaluations Summary (Cont.)

Reference Year of Study | Exposure Parameters Results/Discussion of Study
Klingburg (34) 1988 Subchronic--worker Study suggested that exposure to low leves of organic sulfides may
exposure to organic sulfides | disturb iron metabolism. H,S was not measured.
(H2S not measured) < 0.2
ppm methyl mercaptan and
<0.05 ppm dimethyl sulfide
and dimethy! disulfide
Nesswetha (73) 1969 Subchronic--worker Found eye irritation in workers at these levels and durations. Other
exposure to 10 ppm H,S confounding factors were present.
for 6-7 hours and 14 ppm
H,Sfor 4-5 hours
Parra (35) 1991 Acute/Subchronic--30- Petient after being exposed to H,S gasin atoilet facility connected to a
year-old man (smoker) manure pit continued to have reduced lung capacity 5 months after the
exposed to unknown levels | accident. Author believed the reduced lung capacity was due to mild
fibross as aresult of the exposure. Author concluded that the case
illustrates a pulmonary injury due to H,S inhalation which appears as a
subacute illness and develops into a chronic functiond disability.
Partti-Pdllinen (36) 1996 Chronic--generd population | Digtributed a self-administered questionnaire. Authors conclude that

exposureto TRS (upto 0.1
ppm 24-hr).

those in the exposed community reported coughs, respiratory infections,
and headachesin excess of the unexposed community. The relative risk
for headache was sgnificantly greater in the exposed community. Stated
that more headaches, depression, tiredness, and nausea were reported
on days when the 1-hr or daily averages exceeded 0.028 ppm TRS (40
ug/nT) (cited from Evans, 1967; Jaakkola, 1990; Vikka, 1991). Both
communities were exposed to Smilar levels of SO..
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Table8.1: Human Health Studies & Evaluations Summary (Cont.)

Reference Year of Study | Exposure Parameters Results/Discussion of Study
Poda (86) 1966 Chronic--worker exposure Author concluded that those who have been over-exposed more
(levels unknown) than once did not become more or less sensitive to H,S. Concluded
that no pathologicd findings were found in over-exposed individuds
which could be attributed to H,S. Those who consumed alcohol 16
to 24 hours before work were more sensitive to H,S. Persons with
neuropsychiatric problems were more effected by exposure to H,S.
The author concluded that people with hay fever, vasomotor rhinitis,
mild seasond asthma or migraine could work safely while exposed
to H,S.
Richardson (37) 1995 Chronic--WWTP workers Author suggests that workers exposed to H,S experience a
compared to sewer workers decrease in lung function, in particular those with the highest
exposure (sewer workers).
Rubin & Arieff (39) 1945 Chronic--worker exposure to an | Found no significant increase in hedlth effects of the 100 workers
average of 1-5.5 ppm for 3 evaluated. Stress could have been afactor.
monthsto 17 years
Ross (38) 1993 Chronic--occurrence of asthma | Significant correlations were found between asthma attacks at an

attacksin relation to air pollution
events.
Daily (24-hr) H;S levels were as
follows

mean = 0.002 ppm

range = 0-0.024 ppm
Highest 1-hour levels:

mean = 0.011 ppm

range = 0-0.121 ppm

emergency room in Hawaii and levels of NO,, SO,, TSP (total
suspended particulates) and H,S. Pollen levels did not show a
correlation with asthma attacks. Temperature had asmall
association with attacks.
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Schiffman (40)

1994

Chronic--residential exposure to
odor emissons from swine
operations (levels unknown)

Swine operations emit odorous TRS compounds. The study
evauated the POM S (profile of mood states) of 44 nearby residents
and compared them with controls. The experimental group reported
sgnificantly more tenson, depresson, anger, fatigue, confuson, and
less vigor than the control group.
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Table8.1: Human Health Studies & Evaluations Summary (Cont.)

Reference Year of Study | Exposure Parameters Results/Discussion of Study

Tenhunen (42) 1982 Pulp mill workersexposed | Inacdlinical survey of subjective symptoms, the workers were
to levesranging asfollows | comparable to the control group. Sick leave absences were on average
(8-hr averages): 5 days per year more than the control group. The authors found that
H,S=0.05- 5.2 ppm heme synthesis was inhibited in the worker population. It was not
CH3SH =0.07 - 2.0 ppm | known whether the inhibition was due to low-level chronic exposure or
(CH3),S=10.03 - 3.2 ppm | dueto cumulative effects of occasiona pesk exposures.

U.S. Public Hedth 1964 Acute/Subchronic--general | Hedlth effects such as nausea, eyeirritation, shortness of breath, loss of

Service--Terre Haute population exposure to deep were reported.

Study (43) levels exceeding 0.3 ppm
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8.2 Animal Studies

In studying cause and effect relationships related to exposures to air pollutants, there are a number of
advantages to usng animd sudies. The primary advantage is that anima studies can be highly
controlled and documented. There also are disadvantages. The mgority of the H,S studies use
rodents. The nasa passage anatomy, biochemistry, and physiology of rodents do not lend themselves
to compare well with humans. Although rodents are not appropriate to use for studying possible effects
on humans via the inhdation pathway, the rodent studies may be used to support establishment of an
ambient air quality standard. A discussion of the anima studies reviewed by NDEQ are presented in
Table 8.2.

The effects of H,S on rats has been well sudied. Hannah and Roth found that low levels of H,S may
cause severe dteraion in cdls within the centra nervous system, putting the rat at risk for birth defects
(46). Lopez found that at 400 ppm rats showed signs of clinical lethargy and epiphora (51). Lopez
concluded that high doses of H,S cause pulmonary edema and severe transent injury to the nasd
cavities. In adifferent study Lopez concluded that the inhdation of H,S has a poor exposure-response
relationship and once the threshold is reached, nasd lesons may rapidly form (52).

Khan reported that H,S inhibited cytochrome oxidase activity at levels of 50 ppm and higher in rats
(49). Cytochrome oxidase is an enzyme which is crucid for supplying oxygen to cdls. Vahlkamp
sudied the effects of methyl mercaptan and dimethyl sulfide on enzyme activity (55). Methyl mercaptan
inhibits cytochrome oxidase and mitochondria eectron trandfer in the liver and the brain. Thisissmilar
to how cyanide effects cytochrome oxidase. Dimethyl sulfide was much less effective as an inhibitor of
mitochondrid respiration.

Torrans and Clemens studied the effects of H,S on cytochrome oxidase activity in fish (130). Fathead
minnows and channd catfish were exposed to 1.0 mg/L H,S at 20 degrees C, water pH 8.0. After the
fish were exposed for periods |ess than 25 minutes (13 to 23 minutes for the channd catfish and 9 to 15
minutes for the fathead minnows), ventilation ceased, and the fish were examined for enzyme activity.
Cytochrome oxidase activities were inhibited by as much as 55 percent in the kidneys of the fathead
minnows. Brain enzymes were inhibited as much as 28 percent and heart enzymes as much as 66
percent in the catfish. Asthe exposure to H,S increased, the reduction in enzyme activity increased.
The blood lactate levelsincreased as the cytochrome oxidase activity decreased (130). Thisfindingis
congstent with the findings of Bhambhani in the 1991 study on hedthy exercisng men.

A sudy of TRS compound by Tansy assessed the 50 percent lethal concentration of the TRS
compounds (54) The following LC50 vaues were determined:

methyl mercaptan--675 ppm

dimethyl sulfide--40,250 ppm

dimethyl disulfide--805 ppm

hydrogen sulfide--444 ppm

equimolar mixture of methyl mercgptan, dimethyl sulfide and dimethyl disulfide--550

ppm

Table 8.2 provides asummary of the anima studies the NDEQ reviewed during the standard
devel opment process.
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Table 8.2: Animal Studies & Evaluations Summary

Reference Y ear of Study Exposure Parameters Results/Discussion of Study
Curtis (44) unknown Subchronic--Pigs exposed | Levelsat higher than normd had little effect on the growth
to 2 ppm of H,S performance of heathy pigs. Ammoniaand particulates were
involved.
Drumond Sour Gas 1984 Chronic--Farm anima Reports of eyeirritation, pneumonia, reduced exercise tolerance
Wil Blowout (73) exposure of 0.01 to 3.5 and reproductive failure.
ppm of H,S
Hannah & Roth (46) 1990 Chronic--Rats exposed to | Produced savere dterations in cells within the centra nervous
10 and 20 ppm system.
Hayden (47) 1990 Subchronic--Rat damsand | Evauated blood glucose levels. Levelswere Sgnificantly elevated
pups exposed to levels < in materna blood on day 21 postpartum &t al exposure levels.
or =75 ppm H,S from day | Possible decreases in serum triglycerides in pups and dams on day
1 of gestation to day 21 21 postpartum. Elevated glucose levels (chronicaly) can produce
postpartum retinopathy, neuropathy, and nephropathy and can increase severity
of cardiac and periphera atherosclerosis. The pups showed subtle
changesin development. There was adecreasein time of ear
detachment and hair development.
Khan (49) 1989 Acute--Rats exposed for 4 | There were no changesin lung mitochondria respiratory chain
hrsto various levels of H,S | enzymes at an exposure of 10 ppm. Significant changes were noted
at exposures of 50-400 ppm.
Khan (50) 1991 Acute--Rats exposed for 4 | Respiratory rates were reduced in rats exposed to 200-400 ppm.
hrsto 0, 50, 200, 400 ppm | Significant decrease in cdll viability was observed in rats exposed to
H2S 400 ppm.
L odgepole Blowout 1984 Farm animasexposedto | Owners reported their animals had runny noses & eyes, coughing,
Inquiry Pandl 10-15 ppm (duration decreased appetite, diarrhea, red stools & urine, and low weight
unknown from citation) gain. Some people noted that wild animals disappeared for a

period of time.
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Table 8.2: Animal Studies & Evaluations Summary (Cont.)

Reference Y ear of Study Exposure Parameters Resultg/Discussion of Study

Lopez (52) 1987 Acute--Rats exposed for 4 | At 400 ppm, rats showed signs of clinical lethargy and epiphora
hrsto 0, 10, 200, or 400 | Lesionswere noted in the nasa cavity at levels greater than 200
ppm H,S ppm.

Lopez (51) 1987 Acute--Rats exposed for 4 | Author concluded that high doses of H,S cause pulmonary edema
hrsto 0, 10, 200, or 400 | and severe transent injury to the nasd cavities. Inhaation of H,S
ppm H,S appears to have a poor exposure-response relationship and when

the threshold is reached, lesons rapidly form.

Nordstrum (73) 1976 Caves exposed to 20 ppm | Didress, lethargy, restlessness, diarrhea, vomiting, coughing,
(duration unknown from dyspnea, photophobia, keratitis corneal opacity, nasdl irritation and
citation) epistaxis reported.

Rogers & Ferin (73) 1981 Acute--Rats exposed to 45 | Rats exposed for 4 hours had a 6.5-fold greater percent of colony
ppm for 2, 4 or 6 hrs, then | forming units (bacteria colonies) and those exposed for 6 hours had
exposed to bacteria a52-fold greater percent of bacteria colonies.

Siegd (41) 1986 Theambient levelsof H,S | Dueto higher oxygen utilization rate and ventilation rate in birds

a Sulphur Bay Wildlife
areaon Lake Rotorua,
New Zedand typicaly
exposes shore and water
birds to concentrations of
0.125 to 3.9 ppm.

than mammas of human sze, it was believed by the authors that
these birds exposure would be higher than for a human at the same
concentrations. Populationsin the wildlife area have thrived, as
mesasured by an increasing number of nests found for severa
speciesin the preserve, indiceting the levels of H,S naturdly
occurring in that area are not detrimenta to these animas. No
other parameters of exposure were measured on a population level
or anindividud leve in this sudy.
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Table8.2: Animal Studies & Evaluations Summary (Cont.)

Reference Y ear of Study Exposure Parameters Results/Discussion of Study
Skrajny (53) 1992 Chronic--Rats exposed to | Author suggests that H,S may cause irreversible changesin
20 ppm and 75 ppm during | monoamine levels in the developing centra nervous system of rats.
prenatal development H,S-induced dterations of monoamine levels may produce long-
term morphologica and neurochemica changesin the centra
nervous system. Impaired cognitive and perceptud functions and
memory loss may be explained by H,S exposure.
Tansy (54) 1981 Acute--Rats exposed to The following LC50 vaues were determined:
levels of methyl mercaptan methyl mercaptan--675 ppm
and other reduced sulfur dimethyl sulfide--40,250 ppm
compounds for 4 hrsto dimethyl disulfide--805 ppm
determine the 24-hr LC50 hydrogen sulfide--444 ppm
vaues. equimolar mixture of methyl mercaptan, dimethyl sulfide
and dimethy! disulfide--550 ppm
A discussion of the effects on rats after 3 months of exposure to
concentrations of 2, 17 and 57 ppm methyl mercaptan was also
provided. Body weight was sgnificantly reduced and followed a
dose-rdated trend. Some liver damage was noted.
Torransand Clemens | 1982 Fish exposed to H,S at Cytochrome oxidase activities were inhibited by as much as 55
(130) vaious leves percent in the kidneys of the fathead minnows. Brain enzymes were

inhibited as much as 28 percent and heart enzymes as much as 66
percent in the catfish. Asthe exposure to H,S increased, the
reduction in enzyme activity increased. The blood lactate levels
increased as the cytochrome oxidase activity decreased
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Table8.2: Animal Studies & Evaluations Summary (Cont.)

Reference Y ear of Study Exposure Parameters Results/Discussion of Study
Vahlkamp (55) 1978 Acute--rats exposed to Methyl mercaptan inhibits cytochrome oxidase and mitochondria
methyl mercaptan, ethyl eectron transfer in the liver and the brain. Such inhibition decreases
mercaptan, and dimethyl cdlular respiration and leadsto coma. Thisissmilar to how
alfide cyanide effects cytochrome oxidase. Dimethyl sulfide was much
less effective as an inhibitor of mitochondria respiration.
Waler (56) 1976 Acute--rat study on Methyl mercaptan isastrong inhibitor of rat liver mitochondrid

inhibitive effects of methyl
mercaptan

respiration by reacting with cytochrome oxidase. The effect was
dose-related.
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9. Welfare Effects

Wefare effects are defined as those not associated with human hedlth, such as effects on plant life,
animal life, or property. Asrequired by the Nebraska Environmental Protection Act Sections 81-1501,
81-1502 and 81-1504, the Department is responsible for developing programs which prevent, control,
and abate ar pollution in order to protect public hedth and welfare (see Section 2.0). The NDEQ is
proposing to establish air quaity standards which address welfare concerns.

9.1 Animal Life

Few studies exist that attempt to measure natura or accidental exposure of wildlifeto TRS or to
determineits effects. One investigation examined the ambient levels at the Sulfur Bay Wildlife area near
Lake Rotorua, New Zedand, where shore and water birds were exposed to total reduced sulfur (TRS)
of geothermd origin in concentrations of 0.125 to 3.90 ppm (41). In spite of theses high levels, the
wildlife thrived in thisarea. Other studies looked a the short-term effect of exposureto TRS fumes
from gaswell blowouts in Canada. These studies found no significant impact on local waterfowl, smdll
mammals or large ungulates such as ek (73).

9.2 Vegetation

Y oung, growing plant tissues were found to be the most susceptible to injury. Plants exposed to TRS
concentrations of 20-400 ppm for five hoursin the middle of the day displayed awide range of injury.
Eight species showed no injury at 400 ppm, and other species displayed visble injury at less than 40
ppm (73).

Plants exposed to low concentrations of TRS (0.03 to 30 ppm) over long periods of time showed
consderably more damage than those exposed for shorter durations. A wide range of sengitivity to
TRS was evident across plant species. Of the plants studied, radish, soy bean, clover, kidney bean,
buckwheat, cucumber and tomato were determined to be the most senditive. Kentucky bluegrass and
pepper were intermediately sensitive plants. Exposures of 0.03 ppm for 28 to 35 days were found to
ggnificantly increase yidds for fdfa, while exposures between 0.3 and 3 ppm resulted in reduced yidd
(73).

9.3 Corrosion

When present in low concentrations and under certain conditions, active sulfur compounds (including
hydrogen sulfide, eementd sulfur, and organic sulfur compounds such as the mercgptans) rapidly attack
copper, slver, duminum and iron aloys. Below exposures of 0.005 ppm the corrosive effects are
minima and do not reduce equipment rdigbility. At levelsaslow as0.01 ppm for one month, the
corrosve effects on metas can be measured and may be a factor in determining e ectronic equipment
reliability. At concentrations up to 0.05 ppm there is a high probability of corrosive attack. At greeter
than 0.05 ppm severe corrosion can be expected. An environment classified as severe would contain
contaminates at levels which cause reliability of dectronic equipment to be expressed in terms of months
rather than years (61).

TRSis corrosve to metal such asiron, zinc, copper, lead and cadmium. Copper contacts and
components of dectricd systems may be rapidly oxidized to black copper sulfate in the presence of 4 to
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8 ppm of TRS, resulting in aweskened, poorly conducting materid. Oxidation is the mogt familiar type
of corroson and isreadily observablein the form of rust. A buildup of oxide on ameta surface acts as
insulation to reduce further corroson on chromium, aluminum, and nicke metals. Some oxides, such as
iron oxide, are more porous and therefore more susceptible to chemica attack by TRS (62).

Franey evauated the degradation of copper and copper dloys by atmospheric sulfur (63). Franey
found that pure copper was very senstive to sulfur-containing gases. He found that hydrogen sulfide
was four orders of magnitude more corrosive than SO, or carbon disulfide (63). UnlessH,Sis
absorbed by vegetation or soil, it is partidly oxidized in the atmosphere to form a sulfurous acid in the
presence of moisture. It may aso be oxidized to free sulfur, areactive form of sulfur. The sulfurous
acid or free sulfur may attack copper to form a copper sulfide (66).

TRSisaprecursor to the formation of sulfuric acid which corrodes lead-based paint, concrete, metas
and other materids. The State of Pennsylvania based their welfare standard (0.005 ppm) for H,S on its
effect on the darkening of exterior lead-based paint. “New,” lead-free paint was found to be insensitive
to TRS exposure for at least 10 months at levels that caused older surface coatings to darken overnight.
This discoloration was found to be temporary (71).

The presence of moisture and smal amounts of inorganic chlorine compounds greetly accelerate sulfide
corrosion (61). Because there are areas of Nebraska where the availability of moisture is limited, the
NDEQ investigated the levels of relative humidity needed for corrosion to occur. The NDEQ found
that there is a direct relationship between the average relative humidity, TRS, and the acceleration of
corrosion. At relative humidities above 60 percent, corrosion rates of copper rapidly increase (67).

A discusson of studies of welfare effects reviewed by the NDEQ is presented in Table 9.0.

31



Table 9.0: Welfare Effects Studies & Evaluations Summary

Reference Year of Study | Exposure Parameters Resultg/Discussion of Study
Sitting (126) 1974 0.053 ppm H,Sfor afew hrs | Darkened paint
Rapaport (115) | 1988 0.003-0.050 ppm H,S over a | Corrosion to sensitive eectronic parts can occur at 0.003 ppm H,S, and severe
1 mo period corrosion may occur at 0.05 ppm H,S.
EPA (73) 1993 5-10 ppm H,Sfor severd hrs | Alfdfaand hay crops reported 1/2 to 1/3 of their normal yield after exposure. No
with higher pesk exposures comparison to unexposed crops was made, and other confounding factors such as
seasonal parameters were not ruled out.
McCdlan (73) 1936 20-400 ppm H,Sfor 5 hrs Some species of vegetation or weeds showed injury at less than 40 ppm. Y oung
tissues were the most susceptible to injury.
Benedict & 1955 Unknown--higher levelsthan | Y ounger tissues were more vulnerable to damage than ol der.
Breen (73) the McCalan study
Heck (73) 1970 Divided plantsinto sengtive, | Sendtive: kidney bean, buckwhest, clover, cucumber, soybean, tobacco, and
intermediate and res stant tomato
groups Resigant: apple, cherry, mustard, strawberry
Thompson & 1978 Various crops and forest Threshold for sgnificant injury was between 0.03 and 0.30 ppm for most plants
Kats (73) plants fumigated in continuous | except the Douglas fir which was between 0.03 and 0.1 ppm. The study showed
long-term low-level exposures | that plants exposed to low concentrations of H,S over long periods of time
(246 days) experienced considerably more damage. Alfdfa showed damage after 5 days of
exposure to 3 ppm H,S. Yield was reduced at 3 ppm and 0.3 ppm, but not at
0.01 ppm. Exposure at 0.03 ppm increased yields. Ponderosa pine exposed to 3
ppm showed no visible effect after 4 to 6 weeks of exposure, but at 8 weeks
defoliation occurred. Tip burn could be seen at 0.3 ppm after 8 weeks of
exposure. The California buckeye, sugar beet, and | ettuce were resstant to
damage and a exposures to 0.3 ppm growth was in fact stimulated in sugar beet
and lettuce.
Fdler and Linser | 1972 SO, and H,Swereexposed | Growth was stimulated compared with the plants grown in the sulfur-free

(73)

to sunflowersgrownin a
sulfur-free environment.
Plants were exposed for 3
wksto levelsranging from “a
few” ppm to 200 ppm

environment.
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Table 9.0: Welfare Effects Studies & Evaluations Summary

Reference Year of Study | Exposure Parameters Resultg/Discussion of Study

Abbott, W.H. 1983 1 ppm--30 ppb H,S per wk | Showed that low-levelsin combination with other environmenta variables can

(57) reduce equipment religbility.

Franey, L. (63) | 1988 Exposure to H,S and/or SO, H,S and COS cause mgjor corrosive reaction with copper and copper dloys.
ozone and/or light. H,S Temperature, rlaive humidity, ozone and light have accelerating effects on reaction
between 2.1-2.3 ppm. Ozone | rates. H,S and COS were found to be four orders of magnitude more corrosive
between 0-0.2 ppm. than SO, or CS, for pure copper.

Rice (67) 1981 Exposure to H,S, Cl,, Copper corrosion is sendtive to rdative humidity. Corroson rates are draméticaly

SO,/NO,, and ozone of
vaious leves and rdative
humidities.

increased when the relative humidity is above 60%. Copper corrosion isaso
influenced by the SO,, H,S, Cl, and O; concentrations.
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10. Existing State Standards

In July 1996, the NDEQ conducted a survey of the 49 other states. The survey reveded 27 states
which have sandards for H,S or TRS. The NDEQ requested information from these states to
determine how they arrived at their standards, how they enforce their stlandards, and what compliance
issues they have faced. The Department aso requested information on regulatory development
packages. NDEQ found that caution must be used when examining other Sate sSandards. States have
based standards on odor or nuisance, wefare effects or hedth effects. The averaging periods dso vary
from state to state. For these reasons, comparison of state standards has been difficult. The NDEQ
found that the mgority of existing sandards were written in the early years of the air qudity regulatory
program (early 1970s). For this reason, there was little information regarding the rationale associated
with the other state standards. In addition, the issues of monitoring methods and mercaptan interference
had not been addressed.

Table 10.1 summarizes the survey results. Where available, the basis and year of establishment for such
standard are provided.



Table 10.1: Summary of State H,STRS Standards

Concentration | Averaging Allowances Basisfor Standard (Year Established)
State (Ppm) Time
Algdbama 20 30-min unknown (1976)
Alaska 0.035 30-min unknown (1982)
Arizona 0.08 24-hr welfare--policy, not rule
0.13 1-hr welfare--palicy, not rule
Cdifornia 0.03 1-hr nuisance (1969)
Colorado 0.10 1-hr welfare, nuisance (1979)
Deaware 0.06 3min never to exceed survey of states with H,S standard (health & nuisance)
0.03 60-min never to exceed
Georgia 15 OSHA PEL--guiddine only
Hawaii 0.025 1-hr never to exceed hedlth--Lopez et al. (1987)
enforced as a nuisance standard (1996)
Idaho 0.05 health--ACGIH TLV divided by 20
lllinois 0.01 8-hour hedlth-- reports of nausea, 1oss of gppetite and fatigue at 0.08 ppm
and eye effects at 0.7 ppm and due to sensitive popul ations-- odor
and welfare not considered (1974)
Michigan 0.0045 10-min nuisance (1992)
0.0007 24-hr unknown (1992)
Minnesota 0.05 30-min not to exceed twice | nuisance (1968)
per yr
0.03 30-min not to exceed twice | nuisance (1968)
in 5 consecutive
days
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Table 10.1: Summary of State Standards (Cont.)

Concentration | Averaging Allowances Basisfor Standard (Year Established)
State (Ppm) Time
Missouri 0.05 30-min not to exceed twice | nuisance
per yr
0.03 30-min not to exceed twice | nuisance
in 5 consecutive
days
Montana 0.05 1-hr unknown (1980)
Nevada 0.08 1-hr unknown (early 1970s)
New Hampshire | 0.03 24-hr unknown (1990)
New Mexico 0.01 1-hr unknown (early 1970s)
New York 0.01 1-hr unknown (1972)
0.0007 1-yr unknown (1972)
North Carolina | 1.5 15-min hedth & welfare
North Dakota 10 indantaneous | never to exceed health--NIOSH 10 min standard and converted to instantaneous
(1990)
0.2 1-hr not to exceed once | hedth--sudies showing that a 0.3 ppm headaches, nausea, and
per mo other minor hedlth effects occur; for a degree of safety dected to
use 0.2 ppm (1990)
0.1 24-hr not to exceed once | heath--WHO recommendation 1983 (1990)
per yr
0.02 90-day welfare--crop damage information (1990)
Oklahoma 0.1 30-min unknown (1972)

36




Table 10.1: Summary of State Standards (Cont.)

Concentration | Averaging Allowances Basisfor Standard (Year Established)
State (ppm) Time
Pennsylvania 0.1 1-hour welfare (1971)
0.005 24-hour welfare (1971)
South Carolina | 0.1 24-hour hedlth -- ACGIH TLV divided by a safety factor (1991)
Tennessee 20 12-hour unknown (1995)
Texas 0.08 (screening hedth and nuisance
leve)
Vermont 0.02 24-hour health (1989)
Wyoming 0.05 30-minutes not to exceed twice | nuisance (1970)
per yr
0.03 30-minutes not to exceed twice | nuisance (1970)
in 5 consecutive
days
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11. Occupational Standards and Other Guidelines

Exposure to H,Sis regulated by the Occupational Safety and Health Administration (OSHA). Other
occupationd organizations dso have recommendations for H,S limits. It isimportant to note that these
occupationd standards are for narrowly defined hedlthy working populations and circumstances. The
occupationa organizations as well as EPA do not recommend using these standards to protect the
general population (see Section 12.4). Table 11.1 details occupationa standards and other guiddines
for HyS.

11.1 Occupational Safety and Health Administration

In duly 1992, the 11th Circuit Court of Appedsinitsdecisonin AFL-CIO vs. OSHA 965 F.2d 962,
vacated standards set by OSHA in 1989 for 212 hazardous compounds. Hydrogen sulfide was one of
the affected compounds. The primary reason the Court repedled the standards was OSHA' sfailure to
follow the required processin establishing the revised sandards. When the Court rendered its ruling,
the 1971 standards were reinstated. The current OSHA standard (1971) is an acceptable ceiling
concentration of 20 ppm averaged over 15 minutes. Although OSHA has a secondary provision which
dlows levels to reach a maximum pesak of 50 ppm over 10 minutes, this maximum pesk can only occur
provided that no other measurable exposure occurs during the workday.

11.2 National Institute for Occupational Safety and Health

The Nationd Ingtitute for Occupationd Safety and Hedlth (NIOSH), adivison of the United States
Department of Hedlth and Human Services, has arecommendation of 10 ppm, 10-minute average per
week for H,S. This recommendation is based on eye irritation effects. NIOSH develops and
periodicaly revises recommended limits for exposure to hazardous compounds found in an occupationd
setting. The recommendations are then published and transmitted to the Occupationa Safety and
Hedth Adminigration (OSHA) and the Mine Safety and Hedth Adminigration (MSHA) for their usein
promulgating occupationa standards.

11.3 World Health Organization

The World Hedth Organization (WHO) reviewed information on health effects and recommended a
daily (24-hour) vaue of 0.1 ppm H,S. This vaue was based on the eye irritation effects a 10 ppm and
asafety factor of 100. WHO noted that changesin heme synthesis were found a 1 ppm in pulp mill
workers. Since the WHO made its recommendation in 1983, Bhambhani and Jappinen have conducted
gudies which indicate that eye irritation is not the most sengtive critical health effect.
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Table 11.1: Occupational Standards and Other Guidelines

Regulating
Authority

Concentration
(ppm)

Averaging Time

Purpose of Standard or Recommendation

Nationa Research
Council/ Nationd
Academy of Sciences
(81)

50

10-min

Recommended for narrowly defined occupational groups and not
intended for gpplication in genera industria settings or as exposure
limits for the generd public. These recommended vaues do not
take into congderation the possible effects of exposures for
hypersengitive persons.

10

24-hr

Recommended for narrowly defined occupationd groups and not
intended for gpplication in genera industria settings or as exposure
limits for the generd public. These recommended vaues do not
take into congderation the possible effects of exposures for
hypersensitive persons.

90-day

Recommended for narrowly defined occupationd groups and not
intended for gpplication in genera indudtria settings or as exposure
limits for the genera public. These recommended values do not
take into condderation the possible effects of exposures for
hypersensitive persons.

American Indudtrid
Hygiene Association
(82

100

1-hr (ERPG-3)

Leve a which nearly dl individuas could be exposed for up to one
hour without experiencing or developing life-threatening hedlth
effects,

30

1-hr (ERPG-2)

Leve at which nearly dl individuas could be exposed for up to one
hour without experiencing or developing irreversble or other serious
hedth effects or symptoms which could impair an individud’ s ability
to take protective action.

0.1

1-hr (ERPG-1)

Leve at which nearly dl individuas could be exposed for up to one
hour without experiencing other than mild, transent adverse hedth
effects or without perceiving a clearly defined objectionable odor.
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Table 11.1: Occupational Standards and Other Guidelines (Cont.)

Regulating Concentration | Averaging Time Purpose of Standard or Recommendation
Authority (ppm)
Occupationa Safety | 20 15-min An acceptable celling concentration
and Hesdlth
Adminigration (80)
50 10-min A secondary level. This maximum pesak can only occur provided
that no other measurable exposure occurs during the workday .
American Conference | 10 Time weighted ACGIH does not recommend extending the use of these levelsto
of Governmenta average (TWA) 8- | other applications, such as agpplying them to different populations
Indudtrid Hygienigts hr work day and other than the worker population or developing new
(79) 40-hr work wk exposure/recovery time models.
15 Short-term exposure
limit (STEL)
Nationa Inditutefor | 10 10-min TWA
Occupationd Safety
and Hesdlth (80)
100 Immediady
dangerousto lifeand
hedth
World Hedlth 0.1 24-hr Recommendeation based on a lowest-adverse-effect level of 10 ppm
Organization (92) (eyeirritation) and a safety factor of 100. Noted that a report of

change in heme synthesis at about 1ppm should be considered.
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12. Procedures Used to Derive an Ambient Standard

The purpose for an ambient standard is to protect against unacceptable levels of the pollutant of
concern. The unacceptable levels are defined as those that cause adverse hedth and welfare effects.
The levels a which relevant thresholds are set are determined by the associated cause and effect
relationship. For purposes of establishing hedlth-based standards, the cause isthe leve of exposure to
the pollutant of concern that resultsin an adverse health impact--the effect.

The U.S. Environmenta Protection Agency (EPA) has established a method for deriving an ambient
gandard using ether anima or human hedlth sudiesin Interim Methods for Devel opment of
Inhalation Reference Doses (74). The Department relied on this document in establishing the hedlth
based ambient air quality standard.

12.1 Guidelines for Selecting Key Health Studies

Before developing an ambient standard, evidence must be gathered to determine if the pollutant poses a
risk to public hedth. Studiesare of two types human studies and experimental animal studies.

Utilizing human studies offers great advantages as doing so €liminates much uncertainty and the need to
extrgpolate from animas to humans. The three types of human studies usudly used are epidemiologica
studies, clinical studies or controlled exposure experiments, and case reports. Factors which need to be
consdered when using these studies include the following: accuracy of exposure measurements and
durations; dimination of exposures to other pollutants that may have confounding or synergidtic effects
with the pollutant of concern; comparison to control (unexposed) populations; eimination of subjective
hedlth effects, and control of variations among the exposed population. The heath sudies used by the
NDEQ satisfactorily meet these criteriain that exposures were only to H,S; the studies were well
designed and contained a control group; and subjective hedth effects caused by odor were diminated
because subjects were exposed through the mouth.

When gppropriate human detaiis not available, anima sudies (usudly mammas) are typicaly utilized.
The animals most often used include the rat, mouse, guinea pig, hamster, rabbit, monkey and dog. One
of the benefits of animas studiesis that they usudly are conducted under controlled conditionson a
homogeneous population and that bias or subjective data do not enter into the experiment. Factorsto
consder when using anima studiesinclude: the appropriateness of the anima species as a modd for
humans, the study design, and the validity of the study for humans. The scientific anima studies NDEQ
found were conducted on rats and mice. Rodents are not the preferred animal species to compare to
humans due to differences in nasal passage anatomy, physiology, and biochemigtry.

After dl toxicologica, epidemiologica, experimental, and supporting data has been reviewed and
evaluated, akey or critica study is sdlected which contains the most gppropriate information on the
critica effect. Thecritical effect isthe first adverse effect or its precursor that is caused by exposure to
the pollutant of concern. The effect will become more pronounced as the exposure increases. Thisis
referred to as a exposure-response relaionship. Thisisacritical component of the establishment of a
gandard. It represents the cause and effect relationship that determines the appropriate leve for the
ambient standard.
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When sdlecting acritica study, the criteriato consder include: variationsin species, delineation of al
toxic effects and associated exposure levels, and multiple toxic endpoints. Multiple toxic endpoints are
the adverse hedth effects of achemica on more than one system in the body (e.g., nervous system and
respiraory systems). In the case of multiple toxic endpoaints, the critical effect isthe effect on the most
sengtive system. If the criticd effect is prevented, dl adverse effects will be prevented.

12.2 Calculation of the Reference Concentration

After the critical effect isidentified, an exposure leve that represents the highest level tested in which the
critical effect was not demongtrated is established. Thisisthe NOAEL (No-Observed-Adverse-Effect-
Levd). If an experimenta animal study is utilized, a converson is made to account for dosmetric
differences between the animd and the human species. This becomes the human equivdent
concentration (NOAEL-HEC). If aNOAEL-HEC is calculated, then alower uncertainty factor to
account for dosmetric differences may be used. If aNOAEL-HEC is not caculated, then an
uncertainty factor of 10 is used.

The inhdation reference concentration is derived by applying uncertainty factors (UFs) to the NOAEL -
HEC. These factors account for uncertainties associated with determining a reference concentration
from different human or animd databases. An additiond factor cdled the modifying factor (MF) (see
Table 12.1), reflecting professona judgment of the entire database available on the specific chemicd,
may be gpplied. The below equation illustrates the derivation:

Rf ' — NOAEL- HEC
- UF*MF

where:
RfC; = inhalation reference concentration (mg/nT or ppm)
NOAEL-HEC = human equivaent NOAEL accounting for dosmetric
differences between species (mg/ nt or ppm)
UF = uncertainty factor (unitless)
MF = modifying factor, default is 1 (unitless)
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Table 12.1 Uncertainty and Modifying Factor S¢

Uncertainty Factor or Modifying Factor

Guideline on Usage

Standard Uncertainty Factors

Human to Sendtive Human

Animd to Human

Subchronic to Chronic

LOAEL to NOAEL

Incomplete to Complete Database

Modifying Factor

Use a 10-fold factor to account for variations
in sengtivity among members of the human
population.

Use an additional 10-fold factor to account for
the uncertainties in extrapolating anima datato
the case of average hedthy humans.

Use up to an additiond factor of 10 to account
for uncertainties in extrgpolating to chronic
NOAELs from less than chronic NOAELSs.

Use up to an additiond factor of 10 to account
for extrapolating from a lowest-observed-
adverse-effect-level (LOAEL) to aNOAEL.

Use up to an additiond factor of 10 to account
for any sngle anima study to adequately
address dl possible adverse outcomesin
humans

Use professiona judgment to assess other
uncertainties in the sudy and database not
addressed by an uncertainty factor, above.
The default vdueis 1. The maximum vaueis
10.

It isimportant to note that if the database on humans is adequate, the total uncertainty factor will be
much lower than if an animd database isused. Whenever possible, a human study should be selected
as the key study to avoid extrapolation uncertainties between the anima species and humans.
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12.3 Calculation of an Ambient Air Quality Standard
When the reference concentration has been caculated, it may be expressed in parts per million (ppm) as

follows
m =2
1.417
where:
ppm = parts per million volume of air
RiCi = inhalation reference concentration (mg/ nT)
1417 = conversion factor ((mg/ nt)/ppm)

Thisisthe vaue for the ambient slandard expressed in ppm, over the duration “equivaent” to the
exposure period of the key study. For example, if the key study was a 24 hour exposure for rats, the
standard would likely be expressed in ppm over a 24 hour period. However, there will be instances
where the duration will be shortened or lengthened depending on the appropriateness of the exposure
period of the study to human population exposure.

12.4 Limitations of Occupational Exposure Limit Values

When relevant information has been lacking for ambient air exposures, occupationa exposure limits
(OELSs), such as those recommended by the American Conference of Governmenta and Industrial
Hygienists (ACGIH), Occupationa Safety and Health Adminigtration (OSHA), and the Nationa
Ingtitute of Occupational Safety and Health (NIOSH) have been used as surrogates. The standards
recommended by these occupational groups are based on documented toxicologicd, epidemiologica,
and clinical information pertaining to the hedthy human worker population. The US EPA and the
occupationa organizations do not endorse the utilization of these vaues for ambient air consderations.
These values are limited in that the OEL s may use outdated hedlth information and seldom consider
sengtive populations. In spite of the recommendations not to use occupationa standards, many states
indicated they have utilized occupational standards to some degree. An example caculation is shown
below:

The ACGIH recommends a 10 ppm 8-hour workday average in a 40-hour work week. To
extrapolate to a 30-day ambient exposure, the following factors could be used:

4.2  exposure duration increasing from 40 hours to 168 hours.
10 uncertainty factor to account for sengtive populations

25  modifying factor to account for uncertaintiesin going from hedthy
worker to genera population



Rounding the total uncertainty factor to 100 resultsin avalue of 0.1 ppm (dividing 10 ppm by
100) 8-hour average in one week.
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13. Proposed Standard Summary
The NDEQ proposes the following ambient levels for TRS:

10 parts per million TRS, one-minute average;
0.10 parts per million TRS, 30-minute rolling average;

0.01 parts per million TRS, 30-day rolling average when the average relative humidity is 60
percent or less;

0.005 parts per million TRS, 30-day rolling average when the average relative humidity is
greater than 60 percent.

10 ppm, one minute aver age

The NDEQ proposes to convert the NIOSH recommended ceiling of 10 ppm, 10-minute time
welighted average to a one-minute average. This celling limit would protect againgt concentrations
reaching those levels a which deleterious hedlth effects are imminent. Derivetion of this sandard is
explained in Section 13.1.

0.10 ppm level, 30-minute aver age

While thereis a consderable amount of information available on occupationa exposures, there is
relatively little epidemiologica information on low-level ambient exposures. The information thet is
available lacks consstency due to confounding factors such as varying exposure times, exposures to
other pollutants, stress, inaccurate monitoring information and human biases. These types of Sudies
may be used to support a standard once derived. The Department has relied on well-controlled human
gudies to develop the sandard and has substantiated it with epidemiological information. Derivation of
this stlandard is explained in Section 13.2.

0.01 ppm and 0.005 ppm levels, 30-day rolling average

In order to protect againgt welfare effects such as vegetation damage and corrosion, the Department is
proposing atwo-tiered 30-day standard. The Department recognizes that the availability of moisturein
the air will affect the rate of corroson. Therefore, alower standard for those areas in the state with
higher rdative humiditiesis proposed. Based on the literature the Department has reviewed, establishing
a standard to minimize corrosion effects will dso address concerns related to damage to vegetation.
Corrosion effects occur & lower levels than those levels which result in damage to vegetation.

Derivation of this andard is explained in Section 13.3.

13.1 Derivation of 10 ppm Standard

The NDEQ is proposing a 10 ppm (parts per million) one-minute average ambient air quaity standard.
This standard was devel oped from occupationd guiddines which are based on deleterious hedlth
effects, gpecificdly eyeirritation, of hedthy workers.
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Upon reviewing occupationd information, the NDEQ determined the need for a cealling limit which
should never be exceeded in the ambient air. This ceiling limit would protect against concentrations
reaching levels at which deleterious hedth effects may be imminent.

The NDEQ utilized information from the Nationa Indtitute for Occupationd Safety and Hedlth
(NIOSH). NIOSH makes arecommendation of 10 ppm, 10-minute average per week for hydrogen
aulfide. The NDEQ believesthat the NIOSH recommended limit is an gppropriate bass asit reieson
more recent information than the 1971 OSHA standard.

Occupationa standards are established to protect healthy people who are exposed during the workday
in an occupational setting. It isimportant to remember that the NDEQ must protect the genera
population. The genera population includes sengtive people who are more susceptible to experiencing
adverse hedth effects when exposed to hazardous compounds.  These people may include children,
elderly and those with compromised respiratory function, such as ashmatics.

To arive at the 10 ppm, one-minute standard, the NDEQ used the following steps:

1 The NDEQ cdlculated the equivaent exposure and concentration which would be
inhaed over aone-minute period. The exposure is caculated using the following
equeation:

Concentration * Time = Exposure

The equivaent exposure received over 10 minutes when exposed to 10 ppmis:

10 ppm * 10 minutes= 100 ppm * minute

The one-minute concentration is calculated:

Exposure + Time = Concentration

100 ppmeminute + 1 minute = 100 ppm

2. Next, to account for sendtive populations, the NDEQ applied an uncertainty ~ factor
of 10. The use of this uncertainty factor is based on EPA standard procedures for deriving
ambient air quality sandards. The standard is caculated asfollows.
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100ppm_

10 10.0ppM averaged over a 1-minute period

13.2 Derivation of 0.10ppm Standard

The NDEQ is proposing a 0.10 ppm (parts per million) 30-minute average ambient air qudity standard.
Like the 10 ppm standard, it was developed based on the cause and effect relationship between TRS
and hedth effects.

The NDEQ reviewed 45 anima and human hedlth studies to collect information on the level of H,S
and/or TRS which will cause adverse hedth effectsin humans. The human body can tolerate exposure
to certain amounts of TRS by naturaly changing it to less harmful compounds and removing them from
the blood through the excretory system. If too much TRSis present, removal cannot occur quickly
enough. When this happens, the first physiologica effect that is noted is areduction in the activity of
cytochrome oxidase enzymes. Cytochrome oxidase enzymes are needed to transfer oxygen from blood
to cdls. At this point, cells may not recelve enough oxygen to survive. Thisisthe critica effect.

13.2.1 Critical Study

The study which best illugtrates the critica effect was conducted by ateam of researchers from the
Universty of Albertaled by Dr. Y agesh Bhambhani (8). Subsequent to alarge oil well blowout in
Albertain 1982, the team began studying the hedth effects of H,S on humans. The work done by the
University of Alberta research team was among the first research conducted directly on human subjects.
Dr. Bhambhani and his team conducted controlled and well-documented studies of the effects of H,S
on hedlthy exercisng men and women. These studies have been thoroughly peer-reviewed and
published in reputable journds including the Journal of Occupational and Environmental Medicine,
the Journal of Applied Physiology, and the American Industrial Hygiene Association Journal.

The critica study NDEQ selected was conducted in 1991. The research team exposed 16 hedthy men
to H,S while they were cycling. The men were exposed to 0, 0.5, 2.0, and 5.0 ppm on four separate
occasons. The men exercised between 16 and 25 minutes depending on their leve of fithess. The
study found that the blood lactate levels and the oxygen intake were significantly increased when the
men were exposed to 5.0 ppm hydrogen sulfide over control conditions. Importantly, subjective
symptoms such as headache were diminated by exposing the subjects to the gas through a mouth tube,
This diminated possible effects of sengtivity to odors. Although the authors concluded that the men
could safely exercise at maximum levels while exposed to 5.0 ppm H,S, they stated that the blood
lactate levels were indicative of inhibition of cytochrome oxidase activity. Hydrogen sulfide, by inhibiting
the enzymes responsible for supplying cdlls with oxygen, causes the body to shift to anaerobic
metabolism with a resultant build-up of lactate in the blood. Thisfinding is consstent with the Torrans
and Clemons study on fish (130). Torrans and Clemens found that as cytochrome oxidase activity was
inhibited, blood lactate levelsincreased in fish. The dgnificant increases in blood lactate levels occurred
between exposure to 2.0 ppm and 5.0 ppm. At 2.0 ppm there were no significant increases observed,
suggesting that the lowest-observed-adverse-effect-level (LOAEL) was 5.0 ppm, and the no-
observed-adverse-effect-level (NOAEL) was 2.0 ppm.
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Using the steps outlined in Section 12.0, the NDEQ arrived at the 0.10 ppm standard as follows:

1. | dentify the key health study which containsthe best information on the critical effect.
After reviewing 45 anima and human studies the NDEQ concluded that the 1991 Bhambhani study was
the study which best illugtrated the critical cause and effect relaionship that definesthe H,S levd a
which the enzyme activity isinhibited. Furthermore, the study showed a exposure-response
relaionship. As concentration increased, the negative effect was increased.

2. | dentify the highest level at which the critical effect isnot seen. The NOAEL for the
study was 2.0 ppm. Since the study was on humans, an adjustment to account for interspecies
differences was not necessary.

3. Calculate the refer ence concentration by considering factorsto account for
uncertaintiesin the data. Since the study was conducted on humans, only one of the uncertainty
factors outlined in EPA standard procedures was necessary, alowing for alower overal uncertainty
factor. The only uncertainty factor NDEQ needed to apply was that related to senditive populations.
An uncertainty factor of 10 was used to protect againgt adverse health effects in sengtive populations
which include children, derly, and those with compromised respiratory functions.

The only other variable which needed to be utilized in the derivation of the sandard was the modifying
factor. A vaue of between one and ten is assigned as the modifying factor to account for any
uncertainties in the critica sudy and the related database not dready taken into consideration. The
NDEQ used a modifying factor of two because the research conducted by the University of Alberta
research team was very well controlled, well documented, and subjected to extensive peer review.

The reference concentration was calculated as follows:

2.0ppm _
4, Convert the reference concentration into parts per million (ppm) and express over the

duration equivalent to the exposure period of the key study. The reference concentration did not
require aconverson to ppm. The NDEQ is proposing to set the ambient standard at the reference
concentration level derived from the 1991 Bhambhani study. EPA has derived areference
concentration based on a 1983 study conducted on mice. As stated earlier, rodents are not the most
appropriate anima to use to represent human exposures due to differences in the nasa passageways.
Furthermore, human studies should be used whenever possible. The NDEQ has concluded that the
1991 Bhambhani study is the most gppropriate study from which to derive an ambient air qudity
gandard. The EPA RfC isfor adaily exposure period. The Bhambhani studies show that adverse
health effects may occur after exposure to levels above 2 ppm for 30 minutes. The NDEQ concludes
that to adequatdly protect the public health an ambient standard with a shorter exposure period is more
appropriate than a daily exposure period. The exposure duration in the 1991 Bhambhani study was

49



between 16 and 25 minutes, depending on the subject’sleve of fitness. This exposure period is close
to 30 minutes and subsequent studies conducted on healthy exercisng men and women werefor a
period of 30 minutes. We assumed a period of 30 minutes for the standard.

13.2.2 Supporting Human Studies
Bhambhani 1994 (6)

A 1994 Bhambhani study suggested that hedlthy men and women could be exposed to 5.0 ppm H,S for
30 minutes without experiencing adverse hedlth effects (6). It was reported that blood lactate levels did
not sgnificantly increase due to exposure to H,S. The author noted that the blood samples were taken
from an artery as opposed to avein which may account for lower blood lactate levels. Although the
increases were not considered sgnificant, there was some increase in blood lactate levelsin 70% of the
men and 83% of the women exposed to hydrogen sulfide compared to control conditions.

The NOAEL for the study was 5.0 ppm. Like the critica study, the 1994 study was conducted on
humans, therefore only one of the uncertainty factors required by EPA standard procedures was
needed, dlowing for alower overdl uncertainty factor. The only uncertainty factor NDEQ needed to
apply was that related to sengtive populations. An uncertainty factor of 10 is used to protect against
adverse hedth effectsin sengtive populations.

The study was well-controlled and subjected to significant peer review, but it lacked a exposure-
response evauation, as there was only one level of exposure. The author noted that the blood sampling
location was not the most gppropriate for eva uating enzyme activity and blood lactate levels. The sudy
a0 focused on the respiratory system instead of the cytochrome oxidase activity. The respiratory
system is not the most sengitive system.  For these reasons the NDEQ utilized a modifying factor of 5.

The reference concentration was calculated as follows:

= 010ppm

5.0ppm

510 averaged over a 30-minute period

The exposure period for the study was 30 minutes.

Bhambhani 1996 (7)

In 1996 the Bhambhani research team looked at the effects of H,S on the respiratory system (7). They
exposed 19 hedthy men and women to 10 ppm for 15 minutes while they were exercisng on bicycles.
The subjects exercised at 50% of their maximum aerobic power. The researchers found that
respiratory function was not affected as aresult of the exposure. Although this study did not focus on
enzyme activity, it does represent effects on respiratory function.

The NOAEL for the study was 10.0 ppm. The study was conducted on humans; therefore only one of
the uncertainty factors required by EPA standard procedures was needed, dlowing for alower overal
uncertainty factor. The only uncertainty factor NDEQ needed to apply was that related to sengitive
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populaions. An uncertainty factor of 10 is used to protect againgt adverse hedlth effectsin sengtive
populations.

The study was well-controlled and subjected to significant peer review, but lacked a exposure-response
evauation, as there was only one level of exposure. For these reasons, the NDEQ utilized a modifying
factor of 5.

The reference concentration was calculated as follows:.

10.0ppm
5* 10 — O 20 mﬂ averaged over a 15-minute period

In order to compare this with the 30 minute proposed level, an equivaent slandard over a 30-minute
period is caculated. Thisis done using the equations outlined in Section 13.1:

The NDEQ ca culated the equivaent exposure and concentration which would be inhaled over
a30-minute period. The exposure is cadculated using the following equation:

Concentration * Time = Exposure

The equivaent exposure received over 15 minutes when exposed to 0.20 ppmis:

0.2ppm * 15 minutes= 3.0 ppmeminutes

The 30-minute concentration is calcul ated:

Exposure + Time = Concentration

3.0 ppmeminute + 30 minutes = 0.10 ppm

Thisis comparable to the results obtained by using the 1991 and 1994 Bhambhani studies.
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Jappinen (1990) (31)

In 1990 a study was conducted to eval uate the possible respiratory effects of H,S on pulp mill workers
(32). Along with the pulp mill workers, agroup of 10 asthmeatic volunteers (3 men, 7 women) was
assessed for respiratory effects as aresult of exposure to 2.0 ppm H,S for 30 minutes. The subjects
were exposed through the nose and mouth; therefore subjective effects could occur. In the asthmatic
subjects, the airway resistance was increased and the specific airway conductance was decreased.
Even though the author concluded that the overall results were not satigticaly sgnificant, two subjects
experienced changes greater than 30%, indicating bronchia obstruction. Although this study did not
focus on enzyme activity, it does represent respiratory effects in sendtive populations.

Although the author concluded that overdl the results were not satiticaly significant, the NDEQ
congders the changes experienced by two of the subjects to be a hedlth effect. Therefore, the NDEQ
concluded that the LOAEL for the study was 2.0 ppm. Like the Bhambhani studies, the sudy was
conducted on humans; therefore only one of the uncertainty factors required by EPA standard
procedures was needed, alowing for alower overal uncertainty factor. The Jappinen study was
conducted on asthmatics who are consdered a sengtive population. Therefore, the uncertainty factor
for sengitive populations was not needed. The only uncertainty factor NDEQ needed to apply was
congderation that a NOAEL was not derived in the study. The maximum uncertainty factor of 10is
used to extrapolate from alowest observed adverse effect to ano observed adverse effect level.

Like the critica study, the Jappinen study was well-controlled, well-documented, and subjected to peer
review. Consgent with the critical study, the NDEQ utilized a modifying factor of 2.

The reference concentration was calculated as follows:

The LOAEL for the study was 2.0 ppm. The exposure duration was for 30 minutes. The reference
concentration was calculated as follows:

= 010ppm

2.0ppm

2*10 averaged over a 30-minute period

13.3 Derivation of 0.01 ppm and 0.005 ppm Standards

The Nebraska Department of Environmental Quality (NDEQ) is proposing a 0.01 ppm (parts per
million), 30-day rolling average ambient air quaity sandard for TRS when the average rdative humidity
is 60 percent or less. The NDEQ is aso proposing a0.005 ppm, 30-day rolling average standard
when the average relative humidity is greater than 60 percent. This sandard was developed based on
the welfare effects of TRS on Structures, specificaly corroson.

13.3.1 Corrosve Effects

Corrosion is the deterioration of a substance, usudly a metd, because of areaction with its environment
(61). Air pollution is one of saverd factors which may contribute to metal corrosion. Other factors
include humidity, temperature, and synergigtic effects of pollutants. H,S and TRS are sulfurous
compounds which have corrosive effects on metds (62). H,Sis an aggressive corrosive in the aqueous
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phase. H,Swill dissociate in solution to form sulfide anions which dlow hydrogen atoms to attack metal
surfaces. If the solutionisapH of 8 or above, H,S will normaly not attack sted!.

The NDEQ reviewed information on the corrosive effects of TRS. Long-term, low-level exposure to
TRS probably has the most noticegble effect on certain metds, primarily copper, slver, zinc, leed and
iron. According to the Instrumentation Society of America (ISA), at levels aslow as 0.01 ppm for one
month, moderate corrosive effects on these meta's can be detected, usudly in the form of rust or tarnish.
Tarnish isafilm on the surface of the metal. Typicaly, tarnish detracts from the metd’ s appearance. In
the case of dectrical contacts, tarnish formed by TRS compound reaction with the metal surface can
lead to problems with resstance and arching. Thisistypicaly in an enclosed environment and appliesto
sengitive dectronic equipment (62). Controlling the humidity, air recirculation, pressurization, and
minimizing the pollutants within an enclosad environment are key to maintaining reliable dectronic
equipment (58).

In a study conducted by Rice, copper and silver were exposed to 0.015 ppm and 0.038 ppm H,Sin
environments with varying levels of rdaive humidity (67). The corroson rate of Slver was unaffected
by rdaive humidity and was only dightly higher when the level of H,S was 0.038 ppm. The corrosion
rate of copper increased with increasing relaive humidity at both levels of exposure.

13.3.2 Vegetative Effects

The effects of long-term exposure of TRS on vegetation are limited, with awide range of sengtivity to
TRS being seen across plant species. There was no apparent damage to plants exposed to levels as
low as 0.03 ppm for long periods. Some species, such as dfdfa, actudly exhibited growth stimulation
a these lower levels. At levels above 0.3 ppm for 30 days, dfdfayields were reduced. Based on this
information, corrosion will occur before vegetation is threstened.

13.3.3 Reative Humidity

The NDEQ gathered information from the Univergity of Nebraska to ascertain the relative humidity
levels acrossthe gate. The following table summarizes the average monthly relative humidity vauesfor
1996.
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Table 13.1 Average Relative Humidities for Select Sitesin Nebraska

City January |February |March April May June July August |September |October |November |December

Grand Island 69 70 66 61 64 63 65 67 67 63 69 71
Lincoln 70 72 69 64 67 65 65 69 70 67 72 73
Norfolk 70 72 69 62 63 64 66 69 66 64 70 73
North Platte 71 68 64 60 64 65 64 65 63 62 68 70
Eppley 72 71 66 62 65 66 70 71 72 67 71 74
North Omaha 69 69 66 62 64 64 71 72 70 65 71 73
Scottshluff 66 62 60 57 58 58 57 58 56 56 63 65
Valentine 68 69 66 59 61 60 59 59 57 57 64 67




13.3.4 Derivation

Copper isameta sendtiveto TRS exposure. The NDEQ believesthat copper isthe metal of most
concern. Ensuring that copper materias are protected from accel erated corrosion serves to address
welfare concerns. Copper materias and aloys may be found in the ambient environment in such things
asar conditioning coils and outdoor light fixtures.

According to Rice, corrosion rates dramatically increase when relative humidities are above 60 percent.
Thefollowing graph illustrates:

Weight Gain vs. Test Exposure (polluted environment) Time for
Copper at Various Relative Humidities
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The Ingrumentation Society of Americainformation indicated corroson could be

measured at 0.01 ppm over aperiod of one month. This recommendation was based on sengitive
insrumentation such as fine gauge computer filaments. The draft proposal which the NDEQ sent out for
public input included an uncertainty factor of 2 which resulted in a standard level of 0.005 ppm.

Many commentors indicated that corrosion occurs regardless of TRS levels due to other environmenta
factors such as moisture, light and other pollutants. In drier parts of the state, metals may tolerate higher
levesof TRS. Subsequent to receiving this comment the NDEQ reviewed information regarding
relative humidity and how it affects corroson rates.

Based on thisinformation the NDEQ agrees that the more arid parts of the state may tolerate higher
concentrations of TRS compounds. Similarly, the more humid parts of the state are more susceptible to
corroson from TRS exposure. Therefore, in order to minimize the corrosve effects in more humid
areas, the NDEQ gpplied an uncertainty factor of 2 to the Instrumentation Society of America s vaue of
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0.01 ppm to arrive at the 0.005 ppm proposed standard for the aress of the state which have average
relative humidities of greater than 60 percent. Correspondingly, for the areas of the state which have
average relative humidities of 60 percent or less, the NDEQ is proposing to usethe ISA’s
recommendation of 0.01 ppm.

14. Monitoring Methods for TRS

TRSismeasured using a pulse-UV fluorescence SO, analyzer equipped with a TRS thermal converter.
The machine scrubs dl sulfur dioxide from the air stream sample and pumps the remaining air to the
TRS converter where it isthermdly oxidized into sulfur dioxide. The air isthen pumped back to the
andyzer whereit is measured for sulfur dioxide. Thisis done by measuring the ultraviolet light aosorbed
by the sulfur dioxide. The results are reported as TRSin parts per million. Asthereisno federd
ambient air qudity Sandard for H,S or TRS, there is no related EPA-approved monitoring method.
However, there are monitoring methods available, such as those chosen by the Department, which are
proven, accurate and precise. In the conduct of the TRS monitoring program, NDEQ will utilize the
Quality Assurance and Quality Control methods prescribed in the NDEQ's Qudity Assurance Project
FAan.

Compliance with each tier of the standard will be demonsirated using the above described method. The
instruments continuoudly monitor for TRS and are equipped to read out in 1-minute averages.

Typicdly, anbient air quality standards are enforceable regardless of therisk, or lack thereof,

associated with possible exposures. The NDEQ is proposing that the ambient standard for TRS be
enforced only if there is an accompanying human exposure. Therefore, monitoring will typicaly occur at
the nearest point of human exposure in the ambient air.

15. Other Regulatory Provisions

During the regulatory development process, the NDEQ received many comments and suggestions and
much information from the concerned public, other state agencies, and the regulated community. These
comments have been beneficid in the development of the proposd.

In March 1997, the NDEQ presented a preliminary draft proposal to interested parties in a series of
stakeholder meetings. In the draft proposa the NDEQ included athree-tier standard:

10 ppm 1-minute

0.1 ppm 30-minute rolling average
0.005ppm  30-day rolling average
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The proposal which will be presented to the Environmenta Quality Council in June 1997 was revised as
follows

change to the form of the welfare-based standard to consider the effects of relative humidity
(discussed in Section 13.3.4);

addition of a provison which states that the sandards apply only where human exposure
occurs, and

addition of an exception for concentrations of TRS emissions due to the seasond turnover
of lakes and lagoons.

15.1 Human Exposure

The NDEQ has taken a unique gpproach to implementing and enforcing the standards. The standards
shdl gpply only where human exposure occurs.  Typicaly, ambient standards gpply anywhere the
public has access. Using the risk-based management approach alows the NDEQ to use limited
resources to respond to instances of TRS exposure where human exposure occurs.  If thereisa
violation of one of the sandards in alocation where human exposure does not occur, the NDEQ will
not be required to pursue mitigative action.

15.2 Exception for Seasonal Events

The NDEQ recognizes that there are certain events that occur infrequently for which thereis no
reasonable control measure available. Specifically, the NDEQ is excepting the seasond turnover of
lakes and lagoons which resultsin the release of TRS emissons.

15.2.1 Lakes

In the spring and early summer the combination of solar heating and wind mixing of water layers brings
about the warming of the upper portion of abody of water causing thermad dratification. There are
essentialy three types of layers which are formed. The epilimnion isawarmer, less dense layer which
floats on a cooler, denser water layer cdled the hypolimnion. Between these two layersis a zone of
water of changing temperature and density caled the metdimnion (129).

Thermd dratification influences the process occurring in alake and may result in dissolved oxygen
depletion, nutrient release, and the formation of H,S. When turnover of the layers occurs, the H,S may
be released to the atmosphere. Turnover is dependent upon the stability of the stratification. Deeper
lakes that are protected from the wind will have stable Strdtification perssting through much of the
summer. Shdlow waters are ungtable due to wind influences. In shdlow waters the layers may be
eadly mixed. In Nebraskalakestend to either be dimictic or monomictic. Dimictic refers to having two
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mixing periods each year, once during the spring and again during the fall. During the winter months the
waterbody is covered with ice and becomes stagnant. As the spring warms the waterbody, the
dratification becomes ungtable, resulting in the spring turnover. Summer Stratification begins and
continues until the onset of colder weather. The cooling of the water bresks up the Sratification and
causesthefal turnover. During fdl turnover, the waterbody continuesto cool until the whole lakeis
uniform in temperature (about 4 degrees C). Iceisformed on the surface, and stagnation occurs until
the spring turnover. Deep bodies of water such as Lake McConaughy, Merritt Reservoir, and deep
sandpits are dimictic (129).

Monomictic refers to having only one mixing period which occurs during the soring. The mgority of
Nebraska s lakes are monomictic. Like dimictic waterbodies, monomictic bodies become stagnant
during winter ice cover and mix in the spring when the dratification is no longer stable. Monomictic
bodies stay mixed during the summer, warming but never sratifying. Spring turnover will typicaly occur
three to four weeks after ice-out. The duration of the turnover is usualy afew daysto one week (129).

15.2.2 Lagoons
In wastewater trestment lagoons the turnover will depend upon the type of trestment provided by the
lagoon.

Aerobic lagoons are those in which oxygen is utilized to biologicaly degrade contaminants. The cells
are often shallow (2-4 feet) but can be deep (10-15 feet) and are equipped with appurtenances used to
produce dissolved oxygen for bacteria respiration and to mix the lagoon contents. Due to the mixed
conditions, the water temperature tends to remain constant throughout the profile, and dratification is
unlikely to occur.

Facultative lagoons are those in which a combination of aerobic, facultative (functioning as neither
aerobic or anaerobic) and anaerobic bacteriais utilized to biologically degrade the contaminants. Near
the bottom of the lagoon cell oxygen is absent, and anaerobic bacteria function to decompose the
settleable solids, etc. Near the surface, aerobic bacteria use dissolved oxygen to decompose any liquid
or gaseous intermediate products. Facultative lagoons are typically 3 to 6 feet deep, and raw
wadtewater is delivered to the center of the bottom of the cdll to dlow for uniform disperson. Inthe
goring after ice-out, aweek dratification occurs, and eventudly the less dense warmer water a the
bottom rises to the surface, often carrying unstabilized particles. In lagoon operation and maintenance
thisis known as* goring turnover”. TRS compounds may be associated with the spring turnover event.
If the lagoon has not been organically overloaded, turnover lasts only afew daysto aweek. Facultative
lagoons will not dratify during the summer months; therefore only one turnover event is expected
annudly.

Anaerobic lagoons are those lagoons which are designed to biologically degrade organic matter in the
absence of dissolved oxygen. These lagoons are often used as a roughing process for high (organic)
strength waste prior to further treatment. Anaerobic cells are often 10 to 15 feet deep and designed to
retain heat which enhances treatment and remova. Often greases, oils, and scum form alayer or
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“crust” on the surface which further insulates the cell. Due to the design and loadings to anaerobic cdlls,
dratification and turnover are unlikely to occur.

59



16. Bibliography

10.

H.SHUMAN HEALTH STUDIES

NATIONAL RESEARCH COUNCIL, SUBCOMMITTEE ON HY DROGEN SULFIDE,
COMMITTEE ON MEDICAL AND BIOLOGIC EFFECTS OF ENVIRONMENTAL
POLLUTANTS (1979) Absorption, Distribution, Metabolism, and Excretion of Sulfidesin Animas
and Humans. Hydrogen Sulfide. 21-148.

ADELSON L. & SUNSHINE I. (1966) Fatd hydrogen sulfide intoxication. Arch Path. 81, 375-
380.

AMDUR M. O.(1991) Air Pollutants. Hazardous Materials Toxicology: Clinical Principles of
Environment Health. (Edited by Sullivan, John B.). Pergamon Press, 854- 871.

ANDRAE S., AXELSON O., BJORKSTEN B., FREDRIKSSON M., KJELLMAN, N-I. M.
(1988) Symptoms of bronchid hyperactivity and asthmain relaion to environmentd factors.
Archives of Disease in Childhood, 473-478.

ARNOLD I. M. F., DUFRESNE R. M., ALLEYNE B. C., STUART P. J. W.(1985) Health
implication of occupationa exposures to hydrogen sulfide. Journal of Occupational Medicine 27,
373-376.

BHAMBHANI Y., BURNHAM R., SNYDMILLER G., MACLEAN I., MARTIN T. (1994)
Comparative physiologica responses of exercisng men and women to 5 ppm hydrogen sulfide
exposure. American Industrial Hygiene Association Journal 55, 1030-1035.

BHAMBHANI Y., BURNHAM R., SNYDMILLER G., MACLEAN I., LOVLIN R. (1996)
Effects of 10-ppm hydrogen sulfide inhaation on pulmonary function in heglthy men and women.
Journal of Occupational and Environmental Medicine 38, 1012-1017.

BHAMBHANI Y. & SINGH M. (1991) Physologicd effects of hydrogen sulfide inhdation during
exerci2 in hedthy men. The American Physiological Society. 1872-1877.

BHAMBHANI Y., BURNHAM R., SNYDMILLER G., MACLEAN I., MARTIN T. (1996)
Effects of 5 ppm hydrogen sulfide inhdation on biochemical properties of skeletd musclein
exercigng men and women. American Industrial Hygiene Association Journal 57, 464-468.

BROOKSB. A. (1993) Evauation of potential adverse hedlth effects from short-term exposure to

hydrogen sulfide resulting from an unplanned release from geothermd wedlsin Puna, Hawaii. Hawali
State Dept of Hedlth Hazard Evauation Office.

60



11. BURNETT W.W.,, KING E.G., GRACE M., HALL W.F. (1977) Hydrogen sulfide poisoning:
review of 5 years experience. Canadian Medical Association Journal 117, 1277-1280.

12. Systemic toxicology. (1991) Casarett and Doull’ s Toxicology 4th edn, 278.

13. DENG J. F. (1987) Hydrogen sulfide. Hazardous Materials Toxicology: Clinical Principles of
Environment Health (Edited by Sullivan, J. B.) 711-717.

14. DONHAM K. J, REYNOLDS S. J, WHITTEN P., MERCHANT J A., BURMEISTERLL,
POPENDORF W. J. (1995) Respiratory dysfunction in swine production facility workers. dose-
reponse relationships of environmenta exposures and pulmonary function. American Journal of
Industrial Medicine 27, 405-418.

15. DONHAM K. J,, ZAVALA D. C., MERCHANT J. A. (1995) Respiratory symptoms and lung
function among workers in swine confinement buildings. a cross-sectiond epidemiologica studly.
American Journal of Industrial Medicine 27, 96-101.

16. ELKENS, H. Bone damage, cancers, other effects. Chemistry of Industrial Technology, 12, 95,
232.

17. NEBRASKA DEPARTMENT OF HEALTH (1996). Evauation of chronic exposure to hydrogen
aulfide.

18. GAITONDE, U.B. & SELLAR, R.J. (1987) Long term exposure to hydrogen sulphide producing
subacute encephal opathy in a child. British Medical Journal 294, 614.

19. GOYER N. (1990) Evauation of cccupationa exposure to sulfur compounds in paper pulp kraft
mills American Industrial Hygiene Association Journal 51, 390-394.

20. GUIDOTTI T. L. (1994) Occupationd exposure to hydrogen sulfide in the sour gas industry: some
unresolved issues. Int Arch Occup Environ Health 66, 153-160.

21. HAAHTELA T., MARTTILA O, VILKKA V., JAPPINEN P., JAAKKOLA J. K. (1992) The

South Kardiaair pollution study: acute hedlth effects of maodorous sulfur air pollutants released by
apulp mill. American Journal of Public Health 82,.603-605.

22. U.S. EPA RESEARCH AND DEVELOPMENT (1993) Hedth and environmentd effects
document for hydrogen sulfide.

61



23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

35.

HIGASHI T., TOYAMA T., SAKURAI H., NAKAZA M., OMAE K., NAKADATET.,
YAMAGUCHI N. (1983) Cross-sectiona study of respiratory symptoms and pulmonary functions
in rayon textile workers with specia reference to H,S exposure. Industrial Health 21, 281-292.

Short Communication, 324-327.
Hydrogen sulfide. Part IV. Chemical Products. 836-840.

USENVIRONMENTAL PROTECTION AGENCY (1995), Reference concentration for
Chronic Inhalation Exposure RfC4-11.

WORLD HEALTH ORGANIZATION. Hydrogen sulfide, Air Quality Guidelines. 233-241.

WORLD HEALTH ORGANIZATION.(1983) Hydrogen Sulfide: executive summary / issued by
the World Hedlth Organization in conjunction with the Internationa Labour Organisation, and the
United Nations Environmental Programme. 1-7.

JAAKKOLA J. J. K., VILKKA V., MARTTILA O., JAPPINEN P., HAAHTELA T. (1990)
The South Kardia air pollution sudy:  the effects of maodorous sulfur compounds from pulp mills
on respiratory and other symptoms.. 1344-1350.

JAAKKOLA J. J, PAUNIO M., VIRTANEN M., HEINONEN, O. P. (1991) Low-leve ar
pollution and upper respiratory infections in children. American Journal of Public Health 81,
1060-1063.

JAPPINEN P, VILKKA V., MARTTILA O., HAAHTELA T. (1990) Exposure to hydrogen
aulfide and respiratory function. British Journal of Industrial Medicine 47, 824-828.

KANGAS J,, JAPPINEN P., SAVOLAINEN H. (1984) Exposure to hydrogen sulfide,
mercaptans and sulfur dioxide in pulp industry. American Industrial Hygiene Association Journal
45, 787-790.

KILBURN K. H., WARSHAW R. H. (1995) Hydrogen sulfide and reduced-sulfur gases
adversdly affect neurophysiologica functions. Toxicology and Industrial Health, 11, 185-197.

. KLINGBERG J,, BEVIZ A., OHLSON C.-G, TENHUNEN, R. (1988) Disturbed iron

metabolism among workers exposed to organic sulfides in a pulp plant. Scand Journal Work
Environ Health. 14, 17-20.

PARRA, O., MONSO, E., GALLEGO, M., MORERA, J. (1991) Inhaation of hydrogen

sulphide: a case of subacute manifestations and long term sequelae. British Journal of Industrial
Medicine. 48, 286-287.

62



36.

37.

38.

39.

40.

41.

42.

43.

PARTTI-PELLINEN K., JAAKKOLA J. J. K., VILKKA V., MARTTILA O., JAPPINEN P,,
HAAHTELA T. (1996) The South Kareliaair pollution study: effects of low-level exposure to
malodorous sulfur compounds on symptoms. Archives of Environmental Health 51, 315-329.

RICHARDSON D. B. (1995) Respiratory effects of chronic hydrogen sulfide exposure. American
Journal of Industrial Medicine 28,:99-108.

ROSS| O. V. J, KINNULA V. L., TIENARI J, HUHTI E. (1993) Association of severe asthma
attacks with wegther, pollen, and air pollutants. Thorax 48, 244-248.

ROBIN H. H., ARIEFF A. J. (1945) Carbon disulfide and hydrogen sulfide clinica study of
chronic low-grade exposures. The Journal of Industrial Hygiene and Toxicology 27, 123-129.

SCHIFFMAN S. S, SATTELY MILLERE. A., SUGGS M. S,, GRAHAM B. G. (1995) The
effect of environmenta odors emanating from commercia swine operations on the mood of nearby
residents. Brain Research Bulletin 37, 369-375.

SIEGEL SM., PENNY P., SIEGEL B.Z., PENNY D. (1986) Atmaospheric hydrogen sulfide
levels at the Sulphur Bay Wildlife Area, Lake Rotorua, New Zedand. Water, Air and Soil
Pollution. 28, 385-391.

TENHUNEN R., SAVOLAINEN H., JAPPINEN P. (1983) Changes in haem synthesis
associated with occupationd exposure to organic and inorganic sulphides. Clinical Science 64,
187-191.

U.S. PUBLIC HEALTH SERVICE DIVISION OF AIR POLLUTION & INDIANA AIR
POLLUTION CONTROL BOARD DIVISION OF SANITARY ENGINEERING. (1964) The
ar pollution gtuation in Terre Haute, Indiana with specid reference to the hydrogen sulfide incident
of May-June, 1964 ajoint report to the City of Terre Haute.

ANIMAL STUDIES

44,

45.

CURTIS SE., JENSEN A.H., SIMON J., DAY D.L. Effects of agrid anmonia, hydrogen sulfide,
and swine-house dust, one and combined, on swine hedlth and performance. Universty of Illinois
Agriculturad Engineering Department, Urbana

HANNAH R.S., BENNINGTON R., ROTH S.H. (1989) Low dose hydrogen sulfide and its

effects on the dendritic arborization of developing cerebellar purkinje cells. Society for
Neur oscience Abstracts 15, 407.1.

63



46. HANNAH R.S.& ROTH S.H.(1991) Chronic exposure to low concentrations of hydrogen sulfide
produces abnormd growth in developing cerebellar purkinje cells. Elsevier Scientific Publishers
Ireland Ltd. 225-228.

47. HAYDEN L.J., GOEDEN H., ROTH S.H. (1990) Exposure to low levels of hydrogen sulfide
elevates circulating glucose in maternd rats. Journal of Toxicology and Environmental Health,
31, 45-52.

48. HAYDEN L., GOEDEN H., ROTH S. (1990) Growth and development in the rat during sub-
chronic exposure to low levels of hydrogen sulfide. Toxicology and Industrial Health. 6, 389-
401.

49. KHAN A.A., SCHULER M.M., PRIOR M.G., YONG S., COPPOCK R.W., FLORENCE,
L.Z., LILLIE L.E. (1989) Effects of hydrogen sulfide exposure on lung mitochondrid respiratory
chain enzymesin rats. Toxicology and Applied Pharmacology 103, 483-490.

50. KHAN A.A,, YONG S, PRIOR M.G., LILLIE L.E. (1991) Cytotoxic effects of hydrogen sulfide
on pulmonary aveolar macrophagesin rats. Journal of Toxicology and Environmental Health,
33, 57-64.

51. LOPEZ A., PRIOR M., YONG S,, ALBASSAM M., LILLIE L. (1987) Biochemicd and
cytologic dterations to the respiratory tract of rats exposed for 4 hours to hydrogen sulfide.
Fundamental and Applied Toxicology 9, 753-762.

52. LOPEZ A., PRIOR M., YONG, S, LILLIE L., LEFEBUR M. (1988) Nasd lesonsin rats
exposed to hydrogen sulfide for four hours. American Journal Vet Res 49, 110, 1108-1111.

53. SKRAINY B., HANNAH R.S., ROTH S.H. (1992) Low concentrations of hydrogen sulphide
ater monoamine levelsin the developing rat centra nervous system. Brief Reports/Rapports Brefs.
1515-1518.

54. TANSY, M. F., KENDALL F. M., FANTASIA J,, LANDIN W. E., OBERLY R., SHERMAN
W. (1981) Acute and subchronic toxicity sudies of rats exposed to vapors of methyl mercaptan
and other reduced-sulfur compounds. Journal of Toxicology and Environmental Health 8, 71-
88.

55. VAHLKAMPT., MEIJER A.J., WILMS J, CHAMULEAU R.A.F.M. (1979) Inhibition of
mitochondrid dectron trandfer in rats by ethanethiol and methanethiol. Clinical Science 56, 147-
156.

56. WALLERR. L. (1977) Methanethiol inhibition of mitochondrid respiration. Toxicology and
Applied Pharmacology 42, 111-117.



WELFARE STUDIES

57. ABBOT W.H. (1983) The effects of operating environments of electrica and e ectronic equipment
reliability in the pulp and paper industry. Paper presented at the IEEE Industry Applications Society
1983 Pulp and Paper Technical Conference.

58. SHREIR L.L (Editor). Corrosion (Vol 1): metal/environment reactions. 2, 27-78.

59. BRODOVICZ, B. A. (1968) Air qudlity criteriafor Pennsylvania. Journal of the Air Pollution
Control Association 18, 21-23.

60. APPLIED SCIENCE ASSOCIATES INC. (1968) Diagnosing vegetation injury caused by air
pollution, Developed for EPA. 6-18 through 6-20.

61. INSTRUMENT SOCIETY OF AMERICA (1985) Environmenta conditions for process
measurement and control systlems. airborne contaminants.

62. EVANSU. R. (1924) The Corrosion of Metals, Longmans, Green & Co., New Y ork.

63. FRANEY J. (1986) Degradation of copper and copper dloys by atmospheric sulfur. Degradation
of Metals in the Atmosphere ASTM Specia Technica Publication 965, Philadel phia.

64. ARIZONA INSTRUMENT CORPORATION. H,S detection: preventing control room
corrosion.

65. MCCALLAN SEA., HARTZELL A., WILCOXON F. (1936) Hydrogen sulphideinjury to
plants. Contributions from Boyce Thompson Institute 8, 189-191, 193-194, 196-197.

66. LaQUE F. L & COPSON H.R., Corrosion Resistance of Metals and Alloys 2nd edn.
Reinhold Publishing Corp., New York., 32-33, 46-47, 553-574.

67. Rice D.W., Peterson P., Rigby E. B., Phipps P. B. P., Cappd R. J., Tremoureau R. (1981)
Atmospheric corrosion of copper and slver. Journal of the Electronchemical Society 128, 275-
284.

68. THOMPSON, C.R. & KATS G. (1978) Effects of continuous H,S fumigation on crop and forest
plants. Environmental Science & Technology, 12, 550-553.

69. THORNTON N. C. & SETTERSTROM C. (1940) Toxicity of anmonia, chlorine, hydrogen

cyanide, hydrogen sulphide, and sulphur dioxide gases: green plants. Contributions from Boyce
Thompson Institute 11, 343-352, 354-356.

65



70. WEEDON F.R., HARTZELL A., SETTERSTROM C. (1940) Toxicity of ammonia, chlorine,
hydrogen cyanide, hydrogen sulphide, and sulphur dioxide gases: animas. Contributions from
Boyce Thompson Institute. 11, 360-361, 365-385.

71. WOHLERSH.C., FELDSTEIN M. (1966) Hydrogen sulfide darkening of exterior paint. Journal
of the Air Pollution Control Association. 16, 19-21.

HEALTH GUIDANCE DOCUMENTS

72. RHODE ISLAND DEPARTMENT OF HEALTH, OFFICE OF ENVIRONMENTAL
HEALTH, RISK ASSESSMENT (OEHRA). Case study, 2-3.

73. U.S. ENVIRONMENTAL PROTECTION AGENCY (1993) Hedlth assessment document for
hydrogen sulfide. EPA/600/8-86/026F.

74. U.S. ENVIRONMENTAL PROTECTION AGENCY (1989) Interim methods for devel opment
of inhalation reference doses. EPA/600/8-88/066F.

75. U.S. ENVIRONMENTAL PROTECTION AGENCY (1994) Methods for derivation of
inhalation reference concentrations and gpplication of inhalation dosimetry. EPA/600/8-90/066F.

76. U.S. ENVIRONMENTAL PROTECTION AGENCY (1988) Project summary recommendations
for and documentation of biologica vauesfor usein risk assessment. EPA/600/S6-87/008.

77. U.S. ENVIRONMENTAL PROTECTION AGENCY Region I1. (1996) Risk-based
concentration table.

78. U.S. ENVIRONMENTAL PROTECTION AGENCY. (1989) Risk assessment guidance for
superfund volume 1 human hedlth evauation manud (part A) interim find. EPA/540/1-89/002.

OCCUPATIONAL INFORMATION

79. AMERICAN CONFERENCE OF GOVERNMENTAL INDUSTRIAL HYGIENISTS (1996)
TLVsand BEIs threshold limit values for chemica substances and physical agents, biologica
exposure indices. 1-13, 24-25, 28-29, 40-51.

80. U.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE. (1977) NIOSH: a
recommended standard for occupationa exposure to hydrogen sulfide.

66



81. NATIONAL RESEARCH COUNCIL COMMITTEE ON TOXICOLOGY (1979) Emergency
and continuous exposure guidance levels for selected airborne contaminants. 1-2, 55-68.

82. AMERICAN INDUSTRIAL HYGIENE ASSOCIATION (1991 Emergency response planning
guiddines. hydrogen sulfide/sulfur dioxide.

83. ASAE ENGINEERING PRACTICE. (1996) Manure storage safety. ASAE EP470. 642, 644.
1. NIOSH Pocket Guide to Chemical Hazards (1994) 170-171

2. U.S DEPARTMENT OF HEALTH AND HUMAN SERVICES. (1976) Occupationd hedth
guideline for hydrogen sulfide. 1-5

3. PODA G. A. & AIKEN S. C. (1966) Casereport: hydrogen sulfide can be handled safely. Arch
Environ Health. 12, 795-800.

GENERAL BACKGROUND
4. BAIRD, C. (1995) Environmental Chemistry. 92.

5. BEAUCHAMPR.O. JR,, BUS, J. S, POPP J. A., BOREIKO, CRAIG J.,, ANDJELKOVICH
D. A. (1983) A criticd review of the literature on hydrogen sulfide toxicity. Critical Reviewsin
Toxicology. 13, 25-97.

6. CONSIDINE D. M. (1974) Absorption, acidic gases. Chemical and Process Technology
Encyclopedia. 12-15.

7. U.S.DEPARTMENT OF HEALTH, EDUCATION AND WELFARE, PUBLIC HEALTH
SERVICE, CENTER OF DISEASE CONTROL, NATIONAL INSTITUTE FOR
OCCUPATIONAL SAFETY AND HEALTH. Criteriafor arecommended standard occupational
exposure to hydrogen sulfide. 43- 44, 101.

8. ASSISTANT SECRETARY FOR ENVIRONMENT, SAFETY AND HEALTH, U.S.
DEPARTMENT OF ENERGY. (1994) Environment, safety & hedlth hazard dert: hydrogen
sulfide. DOE/EH-0395,

9. UNITED NATIONS ENVIRONMENT PROGRAMME, THE INTERNATIONAL LABOUR
ORGANIZATION, AND THE WORLD HEALTH ORGANIZATION. (1984) Environmentd
hedlth criteria19: hydrogen sulfide.1-48.

10. KOHLER B. (1995) Hydrogen sulfide. Published by Communications, Energy, and

Paperworkers Union of Canada. 1-4.

67



11. U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES, PUBLIC HEALTH
SERVICE, CENTERS FOR DISEASE CONTROL, NATIONAL INSTITUTE FOR
OCCUPATIONAL SAFETY AND HEALTH, U.S. DEPARTMENT OF LABOR,
OCCUPATIONAL SAFETY AND HEALTH ADMINISTRATION. (1978) Occupationd hedth
guideline for hydrogen sulfide. 1-4.

12. U.S. ENVIRONMENTAL PROTECTION AGENCY. (1989) Proposed amendments to the
guiddines for the hedlth assessment of suspect developmenta toxicants. Federd Register 54, 9386-
9403.

13. U.S. ENVIRONMENTAL PROTECTION AGENCY.. (1993) Report to Congress on hydrogen
aulfide air emissions associated with the extraction of oil and natural gas. EPA-453/R-93-045.

14. AMERICAN SOCIETY FOR TESTING AND MATERIALS DESIGNATION. (1994)
Standard test method for determination of sulfur compounds in natural gas and gaseous fuels by gas
chromatography and chemiluminescence: D 5504-94. 129-134.

15. The control of sulphides in sewerage systems (Edited by Thistlethwayte K.B). Ann Arbor
Science Publishers.

LIVESTOCK AND ODOR

16. AMOORE J. E. (1985) The perception of hydrogen sulfide odor in relaion to setting an ambient
standard. Prepared for California Air Resources Board.

17. MINNESOTA DEPARTMENT OF HEALTH. (1996) Andyss of citizen hydrogen sulfide
monitoring. .

18. MINNESOTA DEPARTMENT OF HEALTH. (1996) Andyss of Renville County and citizen
hydrogen sulfide monitoring.

19. BODMAN G. R. (1996) Pumping Manure. Manure Matters UNL/IANR Cooperative Extension.
2.

20. ASAE ENGINEERING PRACTICE. (1996) Control of manure odors. ASAE EP379.1. ASAE
Sandards. 576.

21. ELLIOTT L. F, DESHAZER J. A.,,PEOE. R, TRAVIST. A.,, MCCALLA T. M. Some
condtituents in the atmosphere of a housed swine unit. 189-194.

68



22. U.S. ENVIRONMENTAL PROTECTION AGENCY'. (1995) Emission factor documentation for
AP-42 section 9.5.3; mesat rendering plants.

23. MINNESOTA DEPARTMENT OF HEALTH. (1996) Evaudtion of results. citizen testing for
feedlot emissions (hydrogen sulfide) Renville County, MN.

24. MINNESOTA DEPARTMENT OF HEALTH. (1996) Legiddive briefing: feedlot emissons
(hydrogen sulfide) Renville County, MN.

25. HAMMOND E. G., JUNK G. A., KUCZALA P., KOZEL, J. Condtituents of swine house odors.
Journa Paper No. J-7748 of the lowa Agriculture and Home Economics Experiment Station,
Ames, lowa Project No. 1842,

26. HANCOCK, R. & KOELSCH R. (1996) Livestock waste control regulations. Manure Matters.
UNL/IANR Cooperative Extension. 2.

27. MINNESOTA DEPARTMENT OF HEALTH. (1996) Hedth and environmenta concerns
asociated with swine feedlots.

28. KOEL SCH R. (1996) Sizing anaerobic trestment lagoons. how big is big enough? Manure
Matters. UNL/IANR Cooperative Extenson. 2.

29. LORIMOR, JEFFERY (1995) Modern swine waste management #1-4. |1SU Extenson
Publication.

30. MINER J. R. & BARTH C. L. Controlling odors from swine buildings. Purdue University
Extenson Service.

31. NICOLAI R. Managing odors from swine, Part 1, 2, & 3. University of MN Extension Service.

32. RAPAPORT D. (1988) Hydrogen sulfide odor: not just a pain in the nose. Operations Forum.

33. MN DEPT OF HEALTH, MN DEPT OF AGRICULTURE & MN DEPT OF NATURAL
RESOURCES. (1996) Recommendetions from interagency technical work group on swine
feedlots.

34. SHUSTERMAN D. (1992) Criticd review: the hedth sgnificance of environmenta odor pollution.
Archives of Environmental Health. 47, 76-87.

35. SUDBURY A. (1994) Mapping odor sources from complaint statistics. 1. More than one source.
Air and Waste. 44, 280-284.

69



36. CITY OF LINCOLN. (1991) Theresa Street wastewater treatment plant odor evauation. Brown
and Cadwell Consultants.

37. TUTT W. E. (1989) Setting an ambient odor standard. Air and Waste Management Association.
Presented at the 82nd annud meeting and exhibition.

STATE STUDIES
38. MINNESOTA POLLUTION CONTROL AGENCY'. (1996) Application of hedlth risk vaues.

39. MINNESOTA POLLUTION CONTROL AGENCY. (1996) Hedth and environmenta concerns
asociated with swine feedlots.

40. ADAMSF. (1996) Hydrogen sulfide and total reduced sulfurs: reviews of applicable hedth studies
Minnesota Pollution Control Agency.

41. ADAMSF. (1996) Proposed tota reduced sulfur target for ambient air concentrations at paper
mills and related sources. discussion paper. Minnesota Pollution Control Agency.

42. NORTH DAKOTA STATE DEPT OF HEALTH AND CONSOLIDATED LABORATORIES.
(1990) Summary of proposed rule changes. amendments to the North Dakota Air Pollution
Control rules and state implementation plan.

MISCELLANEOUS

43. SITTING M. (1974) Pollution Detection and Monitoring Handbook.

44. DEAN J. (1973) Lange’' s Handbook of Chemistry.

45. U.S. DEPT OF HEALTH AND HUMAN SERVICES (1992) Toxicologicd profile for methyl
mercaptan.

46. PAUL BRAKHAGE (written communication) (1997) Lake and reservoir Stratification. Nebraska
Dent of Environmenta Qudlity.

47. TORRANSE. L. & CLEMENSH. P. (1982) Physiologica and biochemica effects of acute
exposure of fish to hydrogen sulfide. Comp. Biochem. Physiol. 71C, 183-190.

70



