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FOREWORD

The Superfund Amendments and Reauthorization Act (SARA) of 1986
(Public Law 99-499) extended and amended the Comprehensive Environmental
Response, Compensation, and Liability Act of 1980 (CERCLA or Superfund).
This public law directed the Agency for Toxic Substances and Disease
Registry (ATSDR) to prepare toxicological profiles for hazardous
substances which are most commonly found at facilities on the CERCLA
National Priorities List and which pose the most significant potential
threat to human health, as determined by ATSDR and the Environmental
Protection Agency (EPA). The lists of the 250 most significant
hazardous substances were published in the Federal Register on April 17,
1987; on October 20, 1988; on October 26, 1989; and on October 17, 1990.
A revised list of 275 substances was published on October 17, 1991.

Section 104(i)(3) of CERCLA, as amended, directs the Administrator
of ATSDR to prepare a toxicological profile for each substance on the
lists. Each profile must include the following content:

(A) An examination, summary, and interpretation of available
toxicological information and epidemiological evaluations on the
hazardous substance in order to ascertain the levels of significant
human exposure for the substance and the associated acute,
subacute, and chronic health effects.

(B) A determination of whether adequate information on the health
effects of each substance is available or in the process of
development to determine levels of exposure which present a
significant risk to human health of acute, subacute, and chronic
health effects.

(C) Where appropriate, an identification of toxicological testing
needed to identify the types or levels of exposure that may present
significant risk of adverse health effects in humans.

This toxicological profile is prepared in accordance with
guidelines developed by ATSDR and EPA. The original guidelines were
published in the Federal Register on April 17, 1987. Each profile will
be revised and republished as necessary.

The ATSDR toxicological profile is intended to characterize
succinctly the toxicological and adverse health effects information for
the hazardous substance being described. Each profile identifies and
reviews the key literature (that has been peer-reviewed) that describes
a hazardous substance’s toxicological properties. Other pertinent
literature is also presented but described in less detail than the key
studies. The profile is not intended to be an exhaustive document;
however, more comprehensive sources of specialty information are
referenced.
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Foreword

Each toxicological profile begins with a public health statement,
which describes in nontechnical language a substance’s relevant
toxicological properties. Following the public health statement is
information concerning levels of significant human exposure and, where
known, significant health effects. The adequacy of information to
determine a substance’s health effects is described in a health effects
summary. Data needs that are of significance to protection of public
health will be identified by ATSDR, the National Toxicology Program
(NTP) of the Public Health Service, and EPA. The focus of the profiles
is on health and toxicological information; therefore, we have included
this information in the beginning of the document.

The principal audiences for the toxicological profiles are health
professionals at the federal, state, and local levels, interested
private sector organizations and groups, and members of the public.

This profile reflects our assessment of all relevant toxicological
testing and information that has been peer reviewed. It has been
reviewed by scientists from ATSDR, the Centers for Disease Control, the
NTP, and other federa. agencies. It has also been reviewed by a panel
of nongovernment peer reviewers. Final responsibility for the contents
and views expressed in this toxicological profile resides with ATSDR.

William L. Roper, M.D., M.P.H.
_Administrator

Agency for Toxic Substances and
Disease Registry
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1. PUBLI C HEALTH STATEMENT

This Statement was prepared to give you information about nethyl
ner captan and to enphasi ze the human health effects that nay result from
exposure to it. The Environmental Protection Agency (EPA) has identified
1,300 sites on its National Priorities List (NPL). Methyl mercaptan has been
found in at least 2 of these sites. However, we do not know how nany of the
1,300 NPL sites have been evaluated for nethyl nercaptan. As EPA eval uates
nore sites, the nunber of sites at which nmethyl nmercaptan is found nmay change.
This information is inportant for you to know because nethyl nercaptan nay
cause harnful health effects and because these sites are potential or actua
sources of human exposure to nethyl mercaptan

When a chemical is released froma source, such as an industrial plant,
or froma container, such as a drumor bottle, it enters the environment as a
chem cal emission. This em ssion, which is also called a rel ease, does not
al ways | ead to exposure. You can be exposed to a chenmical only when you cone
into contact with the chemical. You nay be exposed to it in the environnment
by breathing, eating, or drinking substances containing the chemcal or from
skin contact with it.

If you are exposed to a hazardous chenical such as nethyl nercaptan
several factors will determ ne whether harnful health effects will occur and
what the type and severity of those health effects will be. These factors
i ncl ude the dose (how nmuch), the duration (how long), the route or pathway by
whi ch you are exposed (breathing, eating, drinking, or skin contact), the
ot her chemicals to which you are exposed, and your individual characteristics
such as age, sex, nutritional status, famly traits, life style, and state of
heal t h.

1.1 WHAT | S METHYL MERCAPTAN?

Met hyl nercaptan, also known as nethanethiol, is a colorless gas with a
snell like rotten cabbage. It is a natural substance found in the bl ood,
brain, and other tissues of humans and other animals, and it is released from
animal feces. It occurs naturally in certain foods such as some nuts
(filberts) and cheese (Beaufort).

Met hyl nercaptan is rel eased from decaying organic matter in marshes and
is present in the natural gas of certain regions of the United States, in coa
tar, and in sone crude oils. Methyl nercaptan is nmanufactured for use in
pesticides, as a jet fuel additive, in the plastics industry, and in making
net hionine, a nutrient that is added to poultry feed. Methyl nercaptan is
al so rel eased as a decay product of wood in pulp mlls.

We know very little about what happens to nethyl nmercaptan after it is
rel eased to the environnent. Because it is a gas, nost of it probably goes
into the air. Sunlight can break it down into other substances. |f nethyl
nercaptan is released to soil, it probably then goes into the air or is
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carried through the soil by rain or any other water that contacts it. Mre
informati on on the properties and uses of nethyl nercaptan and how it behaves
in the environnment can be found in Chapters 3, 4 and 5.

1.2 HOWM GHT | BE EXPOSED TO METHYL MERCAPTAN?

Met hyl nercaptan is always present in your body and in your urine and
feces. It can also be present in the breath of persons with |iver damage.
You can be exposed to nethyl nercaptan in the air if you live near a natura
source of this gas, such as a marsh, an underground gas pocket, or a dunp site
that releases it. W have no information on the |evels of nethyl nercaptan that
cone from these sources.

Met hyl nercaptan has not been found in drinking water, so you woul d
probably not be exposed to it in this way. Methyl nercaptan is a natural part
of certain foods, such as nuts and cheeses. It has al so been approved for use
as a food additive. Because of its unpleasant snell, very little can be added
to food. You could be exposed to small anobunts of nethyl nercaptan by eating
foods that contain it. However, we have no infornmation on the |evels of
net hyl nercaptan in food.

You can be exposed to nethyl nmercaptan if you work at a wood-pulp mll
or sewage treatnent plant or if you work in a factory that uses it to nmmke
ot her products such as jet fuel, pesticides, or poultry feed. Measurenents of
nethyl nercaptan in the air inside these mlls were [ower than 4 ppm (4 parts
of methyl mercaptan per mllion parts of air). Methyl nercaptan has been
found in the environnmental air at 4 ppb (4 parts of methyl nercaptan per
billion parts of air).

Level s of nethyl nmercaptan in soil are probably very |ow. Even at
hazardous waste sites, the levels were about 83 ppb. Mre information on how
you m ght be exposed to nethyl mercaptan is given in Chapter 5.

1.3 HOW CAN METHYL MERCAPTAN ENTER AND LEAVE MY BODY?

Met hyl nercaptan can enter your body when you breathe in air or eat food
that contains this chenmical. W do not know if methyl nercaptan can enter your
body t hrough the skin or what happens to it after it enters your body. Studies
in rats suggested it | eaves the body quickly. After nethyl nercaptan reaches
the blood, it is either breathed out unchanged or is broken down to other
substances (within one hour). These substances may be breathed out fromthe
lungs or leave the body with the urine within a few hours.

More informati on on how net hyl nercaptan enters and | eaves the body is
given in Chapter 2.
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1.4 HOW CAN METHYL MERCAPTAN AFFECT MY HEALTH?

We have very little information on the health effects of exposure to
nmet hyl nercaptan. A worker exposed to very high levels (exact amount unknown)
of this conmpound for several days when he opened and enptied tanks of nethyl
nmercaptan went into a coma (becane unconsci ous), devel oped anem a (a bl ood
di sorder) and internal bleeding. He died within a nonth after this incident.

We do not know whet her |ong-term exposure of hunmans to | ow | evel s of
nmet hyl nercaptan can result in harnful health effects such as cancer, birth
defects, or problens with reproduction

Met hyl nercaptan can be snelled and recognized in air when it is there
at a level of about 1.6 ppb (1.6 parts of nethyl nercaptan per billion parts
of air). It can be snelled when it is present in water at a level far |ower
than 1 ppb.

More information on the health effects of nmethyl nercaptan in humans and
ani mal s can be found in Chapter 2.

1.5 1S THERE A MEDI CAL TEST TO DETERM NE WHETHER | HAVE BEEN
EXPOSED TO METHYL MERCAPTAN?

Met hyl nercaptan is always present in your body. There is a test that
can be used to find out if it is present in your blood at levels that are
hi gher than normal, which nmay happen if you are exposed to high levels of this
substance. This test requires special equipnent and is not usually available in
a doctor's office. It can be done in a special |aboratory. However, this test
cannot be used to find out how nmuch nethyl nercaptan you were exposed to or to
predi ct whether harnful health effects will occur.

More informati on on how net hyl nercaptan can be neasured in exposed
humans is given in Chapters 2 and 6.

1.6 WHAT RECOMMVENDATI ONS HAS THE FEDERAL GOVERNMVENT MADE TO
PROTECT HUVAN HEALTH?

The federal governnent has set certain regulations and guidelines to
hel p protect people fromthe possible harnful health effects of nethyl
nmercaptan in the environnment. When nore than 100 pounds of nethyl mercaptan
is released to the environnent (such as during an industrial accident or
spill), the EPA National Response Center nust be notified. The Food and Drug
Admi ni stration (FDA) allows nethyl mercaptan to be used as a food additive but
does not set specific limts on the levels that can be used. The Cccupati ona
Safety and Health Adninistration (OSHA) has set an average limt of 0.5 ppmfor
exposure to this chenical in workplace air. The Anerican Conference of
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CGovernmental | ndustrial Hygienists (ACAH) has reconmended that the average
concentration of airborne nethyl nercaptan should not be nore than 0.5 ppm for
each 8-hour exposure (time-weighted average) in a 40-hour work week.

More information on governnental rules for methyl nercaptan can be found
in Chapter 7.

1.7 WHERE CAN | GET MORE | NFORVATI ON?

If you have any nore questions or concerns not covered here, please
contact your state health or environnmental departnment or

Agency for Toxic Substances and Di sease Registry
Di vi sion of Toxicol ogy
1600 difton Road, E-29
Atl anta, Georgia 30333

Thi s agency can al so provide you with infornmation on the |location of the
near est occupational and environnental health clinic. Such clinics specialize
in recognizing, evaluating, and treating illnesses that result from exposure to
hazar dous subst ances.



2. HEALTH EFFECTS

2.1 | NTRODUCTI ON

The primary purpose of this chapter is to provide public health
officials, physicians, toxicologists, and other interested individuals and
groups with an overall perspective of the toxicology of nethyl mercaptan and a
depiction of significant exposure |evels associated with vari ous adverse
health effects. It contains descriptions and eval uati ons of studies and
presents |levels of significant exposure for nethyl mercaptan based on
t oxi col ogi cal studi es and epi dem ol ogi cal investigations.

2.2 DI SCUSSI ON OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To help public health professionals address the needs of persons living
or working near hazardous waste sites, the information in this section is
organi zed first by route of exposure--inhalation, oral, and dermal --and then
by health effect--death, system c, inmmunol ogical, neurological, devel opnental,
reproductive, genotoxic, and carcinogenic effects. These data are di scussed in
terns of three exposure periods--acute (less than 15 days), internediate (15-
364 days), and chronic (365 days or nore).

Level s of significant exposure for each route and duration are presented
in tables and illustrated in figures. The points in the figures show ng no-
observed- adverse-effect |evels (NOAELs) or | owest-observed-adverse-effect
| evel s (LOAELs) reflect the actual doses (levels of exposure) used in the
studi es. LOAELs have been classified into "less serious" or "serious" effects.
These distinctions are intended to help the users of the docunent identify the
| evel s of exposure at which adverse health effects start to appear. They should
also help to deternine whether or not the effects vary with dose and/or
duration, and place into perspective the possible significance of these effects
to human heal t h.

The significance of the exposure | evels shown in the tables and figures
may differ depending on the user's perspective. For exanple, physicians
concerned with the interpretation of clinical findings in exposed persons may
be interested in levels of exposure associated with "serious" effects. Public
health officials and project managers concerned with appropriate actions to
take at hazardous waste sites nmay want information on |evels of exposure
associated with nore subtle effects in humans or animals (LOAEL) or exposure
| evel s bel ow which no adverse effects (NOAEL) have been observed. Estinmates
of levels posing minimal risk to humans (M nimal Risk Levels, MRLs) may be of
interest to health professionals and citizens alike.

Esti mates of exposure levels posing mnimal risk to humans (MRLs) have
been nade, where data were believed reliable, for the nost sensitive noncancer
ef fect for each exposure duration. MRLs include adjustnents to reflect hunman
variability fromlaboratory animal data to humans.
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Al t hough net hods have been established to derive these |evels (Barnes
et al. 1988; EPA 1989b), uncertainties are associated with these techniques.
Furthernore, ATSDR acknow edges additional uncertainties inherent in the
application of the procedures to derive less than lifetine MRLs. As an
exanpl e, acute inhalation MRLs may not be protective for health effects that
are del ayed in devel opnent or are acquired followi ng repeated acute insults,
such as hypersensitivity reactions, asthma, or chronic bronchitis. As these
ki nds of health effects data becone avail abl e and nmet hods to assess | evels of
signi ficant hunan exposure inprove, these MRLs will be revised.

2.2.1 Inhal ati on Exposure

Very little information is available on the health effects in humans or
experinmental animals after inhalation exposure to nmethyl nercaptan. Most
studi es of occupational exposure to nethyl nercaptan in the pulp industry also
i nvol ve exposure to other sul fur-containing conpounds such as hydrogen sul fide,
di met hyl sulfide, and sul fur dioxide as well as to nethyl nercaptan (Kangas et
al . 1984).

2.2.1.1 Death

A single case of death resulting from occupati onal exposure to nethyl
nmer capt an has been | ocated. A 53-year-old Black mal e | aborer worked for about
1 week emptying tanks containing nethyl nmercaptan. No details of exposure
| evel were avail able; however, it is assuned that both inhalation and derna
exposure were probably involved. The man was hospitalized in a cong,
devel oped henol ytic anem a and net henogl obi nem a, and di ed 28 days after
admi ssion (Shults et al. 1970). The i medi ate cause of death was deterni ned
to be a massive enbolus that occluded both nain pul nbnary arteries.

An LGCs of 675 ppmwas reported for nale and fenale rats exposed to
met hyl nercaptan for 4 hours (Tansy et al. 1981). However, no deaths (Q 10)
occurred in rats exposed to 400 ppmfor 4 hours, and there was 100% nortal ity
at 700 ppm and above. These authors also reported that no nortality was
observed in nale rats exposed to nethyl nercaptan at doses up to 57 ppm for
3 nont hs.

The hi ghest NOAEL val ues and an LG for rats in each duration category
are recorded in Table 2-1 and plotted in Figure 2-1

2.2.1.2 Systenic Effects

Based on the available information, effects on body weight are the only
systemc effects that can be clearly associated with inhalation exposure to
met hyl nercaptan. No studies were | ocated regardi ng nuscul oskel etal effects in
humans or aninals after inhalation exposure to nethyl nercaptan



TABLE 2-1. Levels of Significant Exposure to Methyl Mercaptan - Inhalation

Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serious Serious
figure® Species duration System (ppm) (ppm) (ppm) Reference
ACUTE EXPOSURE
Death
1 Rat 14 400 675 (LC50) Tansy et al.
4hr/d 1981
Neurological
2 Rat 1d 1200 1400 (coma) Zieve et al.
15 min 1984
INTERMEDIATE EXPOSURE
Death
3 Rat 3 mo 57 Tansy et al.
5d/wk 1981
7hr/d
Systemic
4 Rat 3 mo Resp 57 Tansy et al.
5d/wk Cardio 57 1981
7hr/d Gastro 57
Hepatic 57
Renal 57
Other 17 57 (decreased body
weight)

KA

S1D3443 HLIVIH

*The number corresponds to entries in Figure 2-1.

Cardio = Cardiovascular; d = day(s); Gastro = Gastrointestinal; hr = hour(s); LC50 = lethal concentration, 50X mortality;
LOAEL = lowest-observed-adverse-effect level; min = minute(s); mo = month(s); NOAEL = no-observed-adverse-effect level;
Resp = Respiratory; wk = week(s)




FIGURE 2-1. Levels of Significant Exposure to Methyl Mercaptan — Inhalation
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A NOAEL and a reliable LOAEL for systemic effects in rats in the
i nternedi ate-duration category are recorded in Table 2-1 and plotted in
Figure 2-1

Respiratory Effects. No studies have been | ocated that would be usefu
in assessing the potential effects on the respiratory systemin humans
breat hi ng met hyl mercaptan. Irritation of nucous menbranes of the nose and
respiratory tract have been reported by workers exposed to mercaptans in
general (Key et al. 1977).

No conpound-rel at ed hi st opat hol ogi cal changes were observed in the |ungs
of male rats exposed to nmethyl nercaptan at doses up to 57 ppm 7 hours/day, 5
days/week, for 3 nonths (Tansy et al. 1981).

Car di ovascul ar Effects. Increased pul se rate and bl ood pressure were
reported by Shults et al. (1970) in a 53-year-old conatose patient who had
been working with tanks of methyl nercaptan. Exposure |evel data were not
avai |l abl e.

No hi st opat hol ogi cal changes were found in the hearts of male rats
exposed to nethyl nercaptan at levels up to 57 ppm 7 hours/day, 5 days/week,
for 3 nonths (Tansy et al. 1981).

Gastrointestinal Effects. No studies were | ocated regarding
gastrointestinal effects in humans after inhal ation exposure to nethyl
nmer capt an.

No evi dence of hi stopathol ogi cal changes was found in the smal
intestines of male rats exposed to nmethyl mercaptan at |evels up to 57 ppm
7 hours/day, 5 days/week, for 3 nmonths (Tansy et al. 1981). Intestina
transit perfornance, as neasured by the anmpunt of small intestine traversed in
30 minutes, was not found to be affected by exposure in this study. There
was, however, a statistically significant dose-rel ated decrease in the length
of the small intestines at 17 ppm and above. However, the clinica
significance of this observation is not clear, and it is not viewed as a
serious adverse effect.

Hemat ol ogi cal Effects. The only informati on on hematol ogic effects
resulting fromhuman inhal ati on and presumably dermal exposure to mnethyl
nercaptan is a case report by Shults et al. (1970). A Black 53-year-old
wor ker who had been handling and enptying tanks of nethyl nercaptan for about
1 week becanme comat ose and devel oped net henogl obi nermi a and henol yti c anemi a
before his death. After transfusions, these conditions were reversed. The
aut hors postul ated that the henolysis nay have been due to the oxidant effect
of methyl mercaptan on erythrocytes in a person who was deficient in
gl ucose- 6- phosphat e dehydrogenase (G 6-PD). An inherited deficiency of this
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enzyne nay be common in Anerican Bl acks (Cal abrese 1986; Col dstein et al
1974; Shannon and Buchanan 1982). This worker was found to have sone degree
of G 6-PD deficiency (Shults et al. 1970).

No studies were | ocated regardi ng hematol ogical effects in animals after
i nhal ati on exposure to nethyl nercaptan

Hepatic Effects. No studies were |ocated regarding hepatic effects in
humans after inhal ation exposure to nethyl nercaptan

In male rats exposed to nethyl mercaptan at levels up to 57 ppm
7 hours/day, 5 days/week, for 3 nmonths, no conpound-rel ated hi stopathol ogi c
changes of the liver were noted (Tansy et al. 1981). The authors stated that
results of blood chem stry studies (i.e., increased total protein with
decreased serum al bunin) were suggestive of |iver damage, but that dehydration
could not be ruled out as the cause.

Renal Effects. No studies were |ocated regarding renal effects in
humans after inhal ation exposure to nethyl mercaptan. Shults et al. (1970)
reported that bilateral polycystic kidneys were found during the autopsy of a
53-year-old nan who died after working wth tanks of nethyl nercaptan
However, it is possible that this was a pre-existing condition

No conpound-rel ated hi st opat hol ogi c changes in the kidneys of nale rats
exposed to nethyl nercaptan at levels up to 57 ppm 7 hours/day, 5 days/week,
for 3 nonths (Tansy et al. 1981).

Dermal / Ccul ar Effects. Irritation of the skin and eyes have been
reported by workers occupationally exposed to mercaptans in general (Key
et al. 1977). However, there is no available information that is specifically
related to nethyl nercaptan.

No studies were | ocated regarding dermal or ocular effects in animals
after inhal ati on exposure to nethyl nercaptan

O her Systemic Effects. No studies were | ocated regardi ng other
system c effects in hunans after inhalation exposure to nethyl nercaptan
Mal e rats exposed to nethyl nercaptan at 57 ppmfor 7 hours/day, 5 days/week,
for 3 nonths had significantly decreased body weights (Tansy et al. 1981).
This effect was not observed In rats exposed to 17 ppm and bel ow. Decreased
| evel s of food consunption were not observed in rats in the 57-ppm dose group

2.2.1.3 I munol ogi cal Effects

No studies were | ocated regardi ng i munol ogi cal effects in humans or
animal s after inhal ati on exposure to nethyl nercaptan
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2.2.1.4 Neurological Effects

The only available informati on on neurol ogical effects in humans exposed
to methyl nercaptan via inhalation is froma case study by Shults et al
(1970). A 53-year-old man went into an irreversible coma after enptying tanks
of methyl mercaptan for about 1 week. Levels of exposure were not estinated. The
aut hors al so noted mini nal novenent in response to painful stinuli,
hypoactivity of all deep tendon reflexes, and seizure activity. The patient
di ed about one nonth after the onset of this cona.

Fifteen-m nute exposures to nethyl mercaptan at 1,400 ppm have been
found to result in lethargy or coma in rats (Zieve et al. 1974). Exposures to
1,200 ppm and below did not result in either of these conditions. A nethyl
nmer capt an concentration of 0.5 nnol/nL in the blood was identified as the
| evel associated with coma. This study al so denonstrated that the doses of
intraperitoneally injected anmoni um acetate or sodi um octanoate needed to
i nduce hepatic coma (conma followi ng acute necrosis of the liver) were greatly
reduced when ani mals were exposed to nethyl nercaptan at 1,200 ppmwi thin
1 mnute after injection. (However, hepatic effects were not actually
denonstrated in this study.) The authors suggested that nethyl nercaptan
exposure may intensify the toxic effects of amonia and fatty acids in hunman
hepatic failure.

These val ues are recorded in Table 2-1 and plotted in Figure 2-1

No studies were | ocated regarding the follow ng health effects in humans
or animals after inhalation exposure to nethyl nercaptan

.5 Devel opnental Effects
.6 Reproductive Effects
.7 Genotoxic Effects

. 8 Cancer

Oral Exposure
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No studies were |ocated regarding the follow ng health effects in humans
or animals after oral exposure to nethyl nercaptan

2.2.2.1 Death

2.2.2.2 Systenic Effects
2.2.2.3 I mmunol ogi cal Effects
2.2.2.4 Neurological Effects
2.2.2.5 Devel opnental Effects
2.2.2.6 Reproductive Effects
2.2.2.7 Genotoxic Effects
2.2.2.8 Cancer
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2.2.3 Dernmal Exposure

Cccupati onal exposure as reported in the case study by Shults et al
(1970) may have invol ved dernal exposure since the victinms wife noted a
repugnant odor on his clothes; however, there is not enough information to
assess this possibility.

No studies were |ocated regarding the follow ng health effects in humans
or animals after dernal exposure to nethyl nercaptan

2.2.3.1 Death

2.2.3.2 Systenmic Effects
2.2.3.3 I mmunol ogi cal Effects
2.2.3.4 Neurological Effects
2.2.3.5 Devel opnental Effects
2.2.3.6 Reproductive Effects
2.2.3.7 Genotoxic Effects
2.2.3.8 Cancer

2.2.4 O her Routes of Exposure

Because the avail able data on the toxicity of methyl nercaptan via
i nhal ation, oral, or dermal exposure are extrenely limted, studies conducted
via intraperitoneal exposure have al so been considered. These studies are
also linmted in nunber and scope, and serve only to provide additiona
evi dence that coma is associated with exposure to this chemical

2.2.4.1 Death

No information is available on the levels of nethyl nercaptan
adnm nistered to animals via intraperitoneal injection that would result in
death. Studies described in Section 2.2.4.4 have resulted in coma in the test
ani mal s; however, recovery and/or death in response to these injections were
not anong the topics of investigation

2.2.4.2 Systenmc Effects
No studies were | ocated regardi ng respiratory, cardi ovascul ar
gastroi ntestinal, hematol ogi cal, nuscul oskeletal, hepatic, renal, or
dermal /ocul ar effects in humans or aninals after intraperitoneal exposure to
nmet hyl nercapt an.
2.2.4.3 I mmunol ogi cal Effects

No studies were | ocated regardi ng i munol ogi cal effects in humans or
animal s after intraperitoneal exposure to nethyl nercaptan
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2.2.4.4 Neurological Effects

Two studies that investigated the neurol ogical effects of
i ntraperitoneal adm nistration of nethyl nmercaptan have been | ocated. An
injection equivalent to 4.8 ng/ kg was sufficient to induce coma in 100% of
treated rats in 2-4 minutes (Zieve et al. 1984). In germfree rats
admi ni stered nmet hyl nercaptan at 9.6-28.8 ng/kg, 200 nnol/nmL was the m ni mum
bl ood concentration associated with coma (Al Mardini et al. 1984). It is
interesting to note that this level was nmuch higher than the blood | evel of
O.5dnnDI/nL in comatose rats reported by Zieve et al. (1974) in inhalation
st udi es.

In addition, an inportant observation was made by Al Mardini et al
(1984) who reported that bl ood nethyl nercaptan concentrations were
significantly higher in patients with hepatic encephal opathy (cona) than in
normal subjects or patients with |iver disease w thout encephal opat hy.
(Methyl mercaptan was not adm nistered to any of these persons, but presunably
resulted fromthe endogenous breakdown of nethionine.) Methyl nercaptan
concentrations were also higher (but not significantly) in the blood of Iiver
di sease patients without encephal opathy than in nornmal subjects. These
findings, conmbined with the observations of Zieve et al. (1974) in rats with
liver damage from ammoniumion or octanoate (Section 2.2.1.4), suggest that
persons with existing liver damage may al ready have el evated bl ood | evel s
of met hyl nercaptan and thus nay be at greater risk for the neurol ogical effects
?f exposure to exogenous nethyl mercaptan than would be persons with norna

ivers.

No studies were | ocated regarding the follow ng health effects in humans
or animals after intraperitoneal exposure to nethyl nercaptan

2.2.4.5 Devel opnental Effects
2.2.4.6 Reproductive Effects
2.2.4.7 CGenotoxic Effects
2.2.4.8 Cancer

2.3 TOXI CXKI NETI CS

The only studies |ocated on the toxicokinetics of nethyl nercaptan have
been conducted via the intraperitoneal route. There is indirect evidence of
absorption of nethyl mercaptan by humans in a human case study and by rats in
a toxicity study.

2.3.1 Absorption
2.3.1.1 Inhal ati on Exposure
Based on adverse effects (henolysis, nethenpgl obinema, comm, and

death)reported in a 53-year-old worker exposed to nethyl nercaptan via
i nhal ati on
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(Shults et al. 1970) and on the induction of coma in rats exposed to 1,400 ppm
(Zieve et al. 1974), it can be inferred that absorption occurs via this route
of exposure. No other data are avail abl e.

2.3.1.2 Oal Exposure

No studies were | ocated regardi ng absorption in humans or aninmals after
oral exposure to nethyl nercaptan

2.3.1.3 Dermal Exposure

No studies were | ocated regardi ng absorption in humans or aninals after
dermal exposure to nmethyl mercaptan

2.3.2 Distribution

No studies were |ocated regarding distribution in hunans or animals
after exposure to nethyl nercaptan via the follow ng routes:

2.3.2.1 Inhal ati on Exposure

.2 Oral Exposure

.3 Dermal Exposure

.4 Ot her Routes of Exposure

NN
Www
N NN

After injection of “C or 35;1abeled methyl mercaptan into rats,
distribution of the radioactivity that remained in the body (fromeither the
14C or 35, |l abel) after 6 hours was: 22.7%in plasnma proteins, 17.8%in the
liver, 16.7%in the intestinal nucosa, 11.5%in the lungs, 11.4%in the
ki dneys, 9.8%in the spleen, 8.5%in the testes, and 0% in the erythrocytes
(Canel l akis and Tarver 1953). No other infornmation on the distribution of
net hyl nercaptan was | ocat ed.

2.3.3 Metabolism

Information on the netabolismof nethyl nercaptan is available only in
studies in rodents using intraperitoneal adninistration. Susman et al. (1978)
injected nmethyl nercaptan into one nouse and found the unchanged conpound and
di methyl sulfide in the expired breath.

In rats, intraperitoneal administration of methyl nercaptan resulted in
the excretion of CO, and vol atile sul fur-containing conpounds in the expired
breath (Canellakis and Tarver 1953). The *S from | abel ed nmet hyl nercaptan
ininjected rats could be found nostly (94% as *SO, in urine (Derr and
Draves 1983, 1984).

1
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Met hyl nercaptan is an internediate in the catabolismof the amino acid
net hionine (Blomet al. 1988, 1989). These in vitro studies were conducted
with the bl ood of nethionine-loaded patients and with human and rat
hepat ocyt es. Bl om and Tangernan (1988) found that, in whole blood, nethyl
nercaptan is oxidized by the erythrocytes, the carbon-sulfur bond is split,
and the resulting products are formc acid, sulfite ion, and sulfate ion

2.3.4 Excretion

No studies were | ocated regardi ng excretion by humans or aninals after
exposure to nethyl nmercaptan via the follow ng routes:

2.3.4.1 I nhal ati on Exposure
2.3.4.2 Oal Exposure

2.3.4.3 Dermal Exposure

2.3.4.4 G her Routes of Exposure

The only infornation avail able on the excretion of nethyl nercaptan or
its netabolites is found in studies in rats conducted via intraperitonea
administration. Wthin 6 hours after administration of “C methyl nercaptan

nmore than 40% of the adninistered '“C was recovered as CO, (presuned to result
solely from pul nonary excretion) (Canellakis and Tarver 1953). Another 6.4% was
excreted in 1 hour in volatile sulfur conmpounds (route not stated), and 2.3%
was excreted in the urine within 6 hours. Wthin 8 hours after

adnmini stration of *S-methyl mercaptan, 32% of the adnministered 35S was
recovered in sul fur compounds (nostly sulfates) in the urine. Derr and Draves
(1983), however, found that within 21 hours, 94% of the *S-label of *S- nethyl
nmercaptan intraperitoneally administered to rats was excreted in the urine. No
data on fecal excretion have been | ocated

2.4 RELEVANCE TO PUBLI C HEALTH

As discussed in Section 2.2, estimates of |evels of exposure to nethyl
nmer captan posing mnimal risk to humans (MRLS) were to have been nade, where
data were believed reliable, for the nost sensitive noncancer effect for each
route and exposure duration. However, no MRLs could be derived for nethyl
nercaptan. Avail able data on effects of acute-duration inhalation exposure to
nmet hyl nercaptan in humans or ani mals suggests that neurol ogical effects nay
be the nopst sensitive indicator of toxicity, but this information does not
reliably identify the threshold for this effect. Available data on effects of
i nternedi ate-duration inhalation exposure to nethyl nercaptan in animals does
not identify the nost sensitive effect or the threshold for adverse effects.
No data were | ocated on effects of chronic-duration inhalation exposure to
nmet hyl nercaptan in humans or aninmals. Therefore, no inhalation MRLs were
derived. No data were |ocated on effects of acute-duration, internediate
duration, or chronic-duration oral exposure to nethyl nercaptan in humans or
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ani mal s, Therefore, no oral MRLs were derived. Acute-duration, internediate
duration, and chronic-duration dermal MRLs were not derived for nethyl
nmercaptan due to the | ack of an appropriate nethodol ogy for the devel opnent of
dermal MRLs.

The observations in a single human case study, conbined with the results
of studies in aninmals, suggest that the principal health risk associated with
short-term exposure to high levels of nethyl nercaptan is coma. Henatol ogica
ef fects such as henol ytic anem a and net henogl obi nem a nmay al so result, but
there is less information on this topic. In total, the avail abl e database on
this chemical is so linted that the rel evance of nethyl nercaptan exposure to
public health cannot be determ ned.

Deat h. The accidental death of a 53-year-old worker who had been
handl i ng tanks of nethyl mercaptan for 1 week was reported by Shults et al
(1970). After a month in a coma and despite aggressive nedical intervention
the patient died froma nmassive enbolus that occluded both main pul nonary
arteries. The exposure |evel was not known or estimated. An LC, of 675 ppm
was determined for a 4-hour exposure in rats (Tansy et al. 1981). However, no
deaths (O 10) occurred at 400 ppm Exposure to 57 ppmfor 3 nmonths al so
resulted in no deaths in rats. The available data indicate that high |evel
exposure to this substance, at |east by inhalation, can be lethal to exposed
humans and ani mal s.

System c Effects.

Hemat ol ogi cal Effects. The mmjor systemc effects reported in the case
study of the 53-year-old Black worker who died after acute inhalation exposure
to nethyl mercaptan were net henogl obi nemi a and henol ytic anemia (Shults et al
1970). The authors stated that the observed henolysis may have been due to
oxi dant stress to erythrocyte nenbranes with gl ucose- 6-phosphat e dehydrogenase
deficiency. In an analysis of hospital data on 14 Black children (aged 3 weeks
to 11 years) with henolytic anema, 7 of these patients were found to be
deficient in glucose-6-phosphate dehydrogenase in an initial screening test
(Shannon and Buchanan 1982). Similarly, nethenoglobinenia susceptibility has
been attributed to this enzyne deficiency (Goldstein et al. 1974). It is
obvi ously not possible to draw firm concl usions fromthe single case study
presented by Shults et al. (1970) with no other studies in humans or aninals to
provi de evidence. However, that study does provide consistent prelimnary
evi dence for the potential for henatol ogical effects resulting frominhal ation
exposure to nethyl mercaptan by an individual who may al so be deficient in
erythrocytic gl ucose-6-phosphat e dehydr ogenase.

O her Systemic effects. The only systemic effect clearly associated with
nmet hyl nercaptan in an animal study was a significant decrease in body wei ght
in rats exposed to nethyl nercaptan by inhalation at 57 ppmfor 3 nonths (Tansy
et al. 1981). This suggests that effects on body weight nay be of concern for
humans exposed to nethyl nercaptan
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| mmunol ogi cal Effects. There is currently no infornmation in humans or
animal s to suggest that exposure to nethyl nercaptan is associated with
i mmunol ogi cal effects.

Neur ol ogi cal Effects. The nain neurotoxic effect reported in a hunan
exposed to nmethyl nercaptan at high levels is coma. Shults et al. (1970)
reported that a 53-year-old worker who had been working with tanks of nethyl
nmercaptan for about a week went into an irreversible cona acconpani ed by
convul sions and died about 1 nonth later. Rats exposed via inhalation to
net hyl nercaptan at 1,400 ppm but not 1,200 ppmor below, for 15 minutes
becane | ethargic or conmatose (Zieve et al. 1974). Intraperitoneal injections
of methyl mercaptan in rats can also induce conma (Al Mardini et al. 1984;
Zieve et al. 1984). Although this route of admnistration is not relevant to
potential human exposure to this compound, these studies serve to provide
addi ti onal evidence that neurological effects are a mgjor risk when nethyl
nercaptan i s absorbed by humans.

Devel opnental Effects. There is currently no information in humans or
animal s to suggest that exposure to nethyl nercaptan is associated with
devel opnental effects, therefore the relevance to human health is not known.

Reproductive Effects. There is currently no information in humans or
animal s to suggest that exposure to nethyl nercaptan is associated with
reproductive effects, therefore the relevance to human health is not known.

CGenotoxic Effects. There is currently no information in humans or
animal s to suggest that exposure to nethyl nercaptan is associated with
genotoxic effects, therefore the rel evance to human health is not known.

Cancer. There is currently no information in humans or animals to
suggest that exposure to nmethyl nercaptan is associated with cancer effects,
therefore the rel evance to human health is not known.

2.5 Bl OVAREERS OF EXPCSURE AND EFFECT

Bi omar kers are broadly defined as indicators signaling events in
bi ol ogi ¢ systens or sanples. They have been classified as markers of
exposure, markers of effect, and narkers of susceptibility (NAS/ NRC 1989).

A bi omarker of exposure is a xenobiotic substance or its netabolite(s)
or the product of an interaction between a xenobiotic agent and sone target
nol ecul e(s) or cell(s) that is neasured within a conpartnment of an organi sm
(NAS/ NRC 1989). The preferred bi omarkers of exposure are generally the
substance itself or substance-specific nmetabolites in readily obtainable body
fluid(s) or excreta. However, several factors can confound the use and
interpretation of biomarkers of exposure. The body burden of a substance nay
be the result of exposures fromnore than one source. The substance being
nmeasured may be a netabolite of another xenobiotic substance (e.g., high
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urinary levels of phenol can result from exposure to several different
aromati ¢ conmpounds). Depending on the properties of the substance (e.g.
biologic half-life) and environnental conditions (e.g., duration and route of
exposure), the substance and all of its nmetabolites may have | eft the body by
the tine biologic sanples can be taken. It may be difficult to identify

i ndi vidual s exposed to hazardous substances that are conmmonly found in body
tissues and fluids (e.g., essential mineral nutrients such as copper, zinc,
and sel enium. Biomarkers of exposure to nethyl nercaptan are discussed in
Section 2.5.1.

Bi omar kers of effect are defined as any neasurabl e bi ochem cal
physi ol ogic, or other alteration within an organismthat, dependi ng on
magni t ude, can be recogni zed as an established or potential health inpairnent
or disease (NAS/NRC 1989). This definition enconpasses biochem cal or
cellular signals of tissue dysfunction (e.g., increased |liver enzynme activity
or pathologic changes in female genital epithelial cells), as well physiologic
signs of dysfunction such as increased blood pressure or decreased |ung
capacity. Note that these nmarkers are often not substance specific. They al so
may not be directly adverse, but can indicate potential health inpairnment
(e.g., DNA adducts). Biomarkers of effects caused by nethyl nercaptan are
di scussed in Section 2.5.2.

A bi omarker of susceptibility is an indicator of an inherent or acquired
l[imtation of an organisms ability to respond to the chall enge of exposure to
a specific xenobiotic substance. It can be an intrinsic genetic or other
characteristic or a preexisting disease that results in an increase in absorbed
dose, biologically effective dose, or target tissue response. If
bi omar kers of susceptibility exist, they are discussed in Section 2.7,

" POPULATI ONS THAT ARE UNUSUALLY SUSCEPTI BLE. "

2.5.1 Bionmarkers Used to ldentify and/or Quantify Exposure to
Met hyl Mer capt an

Met hyl nercaptan itself and its netabolites, carbon dioxide and sulfate,
can be neasured in human tissues, fluid, and excreta. However, these
conpounds are always present in these nedia regardl ess of exposure to nethyl
nmercaptan. El evated bl ood | evels of nethyl nercaptan nmay be detected in
persons who have recently been exposed to it, or in nonexposed persons wth
liver disease or in hepatic coma (Al Mardini et al. 1984; Chall enger and
Wal she 1955; Zieve 1981). In cases of liver damage, these elevated | evels may
be the result, rather than the cause, of liver problens.

The best indication of exposure to nethyl mercaptan would probably be a

conbi nati on of elevated |evels of the substance itself in the breath and bl ood
al ong with evidence or suspicion of exposure fromenvironnental sources. There
are currently no subtle or sensitive biomarkers of effects associated with
exposure to nethyl nercaptan
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2.5.2 Biomarkers Used to Characterize Effects Caused by Methyl Mercaptan

As stated previously, no subtle or sensitive biomarkers of effects
associ ated with exposure to nethyl mercaptan have been identified.

2.6 | NTERACTI ONS W TH OTHER CHEM CALS

I nteractions between nercaptans, including nethyl nercaptan, and
Anmoni um acetate or sodi um octanoate in the induction of coma in rats has been
reported (Zieve et al. 1974). The dose of intraperitoneally injected amoni um
acetate required to induce coma in 50% of the rats was 1.45 mmol s wi t hout
nmet hyl nercaptan exposure but only 0.46 nmmols when the animals were exposed to
nmet hyl nercaptan via inhalation at 1,200 ppmwithin 1 nminute after the
injection. Simlarly, the dose of sodium octanoate decreased fromO0.48 to
0.16 nmmls to i nduce conma using the sane procedures.

The condition induced in these rats was referred to as "hepatic coma"
(Zieve et al. 1974) because it was denonstrated in a previous study that
injection of an ammonium salt or fatty acid into rats resulted in com
acconpani ed by nassive hepatic necrosis. In the current study of synergism
Zieve et al. (1974), hepatic damage was assunmed but not denonstrated, and it
is not clear if methyl nercaptan exposure resulted in increased hepatic damage
in these rats. These results suggest, however, that human exposure to nethyl
nmercaptan in conjunction with hepatotoxins may result in exacerbated liver
danmage and/or neurotoxicity. There is a possibility of these nultiple
exposures in the workplace and in the vicinity of hazardous waste sites.

2.7 POPULATI ONS THAT ARE UNUSUALLY SUSCEPTI BLE

A henol ytic response to nethyl nercaptan exposure, as reported in the
case study by Shults et al. (1970), may be enhanced by the presence of
i nherited erythrocytic gl ucose-6-phosphate dehydrogenase (G 6-PD) deficiency.
Al t hough henol ysis nmay occur in any person who is exposed to a sufficiently
hi gh dose of nethyl nercaptan, this enzyne deficiency nay cause sonme persons
to be unusually sensitive, since it results in an inability to maintain
reduced gl utat hione which is needed for the integrity of the erythrocyte
nmenbrane (Coldstein et al. 1974). The incidence of the deficiency anong
Caucasi ans of European originis relatively |ow, whereas there is a higher
i nci dence anong certain groups of Asians and Mediterranean (Iltalians,
Sar di ni ans, Greeks), and M ddl e Eastern popul ati ons (Shannon and Buchanan
1982). A study of henolytic anenmia in Anerican Black children with G 6-PD
defici ency by Shannon and Buchanan (1982) suggests that this is another
popul ati on that may be susceptible to the henolytic effects of nethyl
nmer capt an exposure. Cal abrese (1986) estimated that 16% of Black nales are
G 6-PD-deficient; Berkow et al. (1982) estinmated that 10% of Anerican Bl ack
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mal es and fewer Black fenmal es have this deficiency. According to Shannon and
Buchanan (1982), a syndrone of acute severe henolysis follow ng exposure to
oxi dative stress is associated with the Mediterranean variant of the
de{hciency, whereas the henolytic anenia seen in American Blacks is generally
m | d.

The pattern of inheritance for G 6-PD deficiency is that of an
aut onomous sex-linked defect (Berkow et al. 1982; CGoldstein et al. 1974).
This is an X-linked disorder and is thus fully expressed in males who carry it
on their single X chronpsone and in fenales who carry it on both X
chronosones. Fenal e heterozygotes (who have one nornmal and one defective gene
for this trait) have a wide variety of values for the enzyne which suggests
that other factors influence the degree to which this trait is influenced in
i dentical genotypes (CGoldstein et al. 1974).

Studies by Zieve et al. (1974) and Al Mardini et al. (1984) suggest that
the maj or neurol ogical effects of nmethyl nercaptan exposure (i.e., coma) may
occur at lower levels of this compound in persons with |iver disease. Mt hyl
nercaptan |l evels may already be higher than normal in these persons and
addi ti onal exposure nay bring their blood concentrations of this conpound to a
nor e dangerous | evel.

2.8 M TIGATI ON OF EFFECTS

This section will describe clinical practice and research concerni ng nethods
for reducing toxic effects of exposure to nethyl nercaptan. However, because
sone of the treatnents di scussed may be experinental and unproven, this
section should not be used as a guide for treatment of exposures to nethyl
nmer capt an. When speci fic exposures have occurred, poison control centers and
nmedi cal toxicol ogists should be consulted for nedical advice.

Inhalation is the primary route of hunan exposure to nethyl nercaptan

al t hough dernal absorption or ingestion of small anounts in food or water may
occur (see Chapter 5). General procedures follow ng acute, high-Ievel
exposure to nethyl mercaptan consist of nmeasures to reduce or elimnate
further absorption. Follow ng inhalation exposure, these neasures include
renmoval of the victimand adninistration of high-flow, hunidified oxygen
(Bronstein and Currance 1988; Stutz and Janus2 1988). Followi ng dermal and
ocul ar exposure, contam nated clothing is renoved and the skin and eyes

t horoughly washed with water (Bronstein and Currance 1988; Stutz and Janusz
1988). Procedures used followi ng acute, high-level oral exposure include
enptyi ng the stomach, using care to avoid pul monary aspiration of the gastric
contents, particularly in victins with severe nervous system depressi on or
sei zures. Stomach enptying is foll owed by admnistration of activated
charcoal to bind the nethyl nercaptan and a cathartic which may stinulate
fecal excretion (Stutz and Janusz 1988).



21

2. HEALTH EFFECTS

Supportive measures for synptons induced by acute, high-level exposure to

nmet hyl nercaptan include admnistration of anticonvul sant drugs to control

sei zures (Stutz and Janusz 1988) and bl ood transfusion or alkaline diuresis to
alleviate effects of henolysis (Shannon and Buchanan 1982; Shults et al

1970). Supportive treatnent for noncardi ogenic pul nonary edema, central
nervous system depression, and hypertension with tachycardia nay be required.
In patients wth net henogl obi nem a of approxi nately 30% or greater nethyl ene
blue is adm nistered to reduce nethenoglobin | evels (ElIenhorn and Barcel oux
1988; Coldfrank et al. 1990). However, treatnent of G 6-PD deficient

i ndi viduals with methyl ene blue nay be contrai ndi cat ed.

Limted infornmation is available regarding the retention in the body or

nmet abol i sm of nmethyl nercaptan. Studies in animls denonstrate that carbon

di oxide and sulfate are the final netabolites found in the expired breath

and/ or urine and that nethyl mercaptan is cleared fromthe body within severa
hours (Canel Il kis and Traver 1953; Derr and Draves 1983, 1984; Susman et al
1978). Studies with human bl ood indicated that nethyl nmercaptan is oxidized in
erythrocytes yielding formc acid and sulfate ion as nmetabolites in urine (Bl om
et al. 1988, 1989; Bl om and Tangerman 1988). No nethod is commonly used to
enhance the elimnation of the absorbed dose of nethyl nercaptan

Acut e intoxication with nethyl mercaptan nmay cause mnet henogl obi nem a,

henol yti ¢ aneni a and neurol ogical effects leading to |ethargy, seizures, conmm,
and death (see Section 2.2). However, because of the lack of information
regardi ng the mechani smof toxicity of nethyl mercaptan, no specific nmethod for
reducing its toxic effects is avail able.

2.9 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, as anended, directs the Administrator of
ATSDR (in consultation with the Adm nistrator of EPA and agenci es and prograns
of the Public Health Service) to assess whether adequate information on the
health effects of nethyl nercaptan is avail able. Were adequate information is
not available, ATSDR, in conjunction with the National Toxicol ogy Program
(NTP), is required to assure the initiation of a program of research designed
to determine the health effects (and techni ques for devel opi ng nethods to
determi ne such health. effects) of nethyl nercaptan

The foll owi ng categories of possible data needs have been identified by
a joint teamof scientists fromATSDR, NTP, and EPA. They are defined as
subst ance-specific informational needs that, if net, would reduce or elimnate
t he uncertainties of human health assessment. In the future, the identified
data needs will be evaluated and prioritized, and a substance-specific research
agenda wi ||l be proposed.
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2.9.1 Existing Infornation on Health Effects of Methyl Mercaptan

The existing data on health effects of inhalation, oral, and dernal
exposure of humans and animals to nmethyl nercaptan are summarized in
Figure 2-2. The purpose of this figure is to illustrate the existing
i nfornmati on concerning the health effects of nethyl nercaptan. Each dot in
the figure indicates that one or nore studies provide information associated
with that particular effect. The dot does not I nply anything about the
quality of the study or studies. Gaps in this figure should not be
LnterF{egfd as "data needs" information (i.e., data gaps that nust necessarily
e filled).

Fi gure 2-2 graphically depicts the information that currently exists on
the health effects that have been observed or studied in humans and ani mal s
followi ng inhalation, oral, or dermal exposure to nethyl nercaptan. There is
little informati on available on this chemical, and, therefore, alnpbst any
additional information would probably be useful. This section, however, wll
attenpt to focus on those areas of investigation that woul d appear to be the
nost useful for a chem cal about which al most nothing is known.

2.9.2 Data Needs

Acut e- Durati on Exposure. The available information in humans and
ani mal s suggests that the nervous systemis the major target organ foll ow ng
acute inhalation exposure (Shults et al. 1970; Zieve et al. 1974). However,
guantitative data were available in only one study in rats (Zieve et al
1974)and this was not considered sufficient to calculate an MRL via this route,
and no studies conducted via the oral and dermal routes were avail able.
Al t hough any new data for this exposure duration would be useful, estimtes of
a |l ethal dose via inhalation would be nost hel pful, because a hunman deat h has
been reported as a result of occupational exposure. Currently, LC , data are
avail able only for the rat (Tansy et al. 1981). Because there are no data on
absorption via the oral and dermal route, it Is not known if toxicity studies
usi ng these routes would be useful.

I nt ernedi at e- Durati on Exposure. There are no data on hunmans exposed
tonmet hyl nercaptan for this duration period. A 3-nonth study in rats exposed to
nmet hyl nercaptan via inhalation (Tansy et al. 1981) conprises virtually the
entire useful database for this conpound and indicates that decreased body
wei ght is the only conpound-related effect that was observed. Data were not
consi dered sufficient to calculate an inhalation MEL for this exposure
duration due to an i nadequate database. There are no ani mal studi es using the
oral route, and, therefore, an internmediate oral MRL has not been cal cul at ed.
Any further studies using either of these routes should use doses hi gh enough
to elicit clinically evident neurol ogical effects and should focus on
hemat ol ogi cal effects such as henol ytic anem a and met henogl obi nemi a. The use
of an animal nodel that is susceptible to these hematol ogi cal effects may be
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FIGURE 2-2. Existing Information on Health Effects
of Methyl Mercaptan
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t he best choice for these tests. Dose-response information for these effects
woul d be useful in assessing the risks of persons exposed to nethyl nercaptan
in the vicinity of hazardous waste sites and in the workplace. Studies via
the dermal route would al so be useful if pharnmacol ogi ¢ studi es have
denonstrated that nethyl nercaptan can be absorbed through the skin

Chroni c-Durati on Exposure and Cancer. No chronic inhalation, oral, or
dermal studies in any species were |located for methyl nercaptan. This appears
to be the nost inportant category of duration for future study of this conpound
because [ ow [ evel chronic exposure is likely to occur via the
i nhal ation route in occupational settings and in the vicinity of hazardous
waste sites. Although the entire population is exposed via the oral route
since nethyl nercaptan is naturally present at low levels in certain foods,
this compound has not been reported in drinking water. Since the potenti al
for dermal exposure is not known, it is not clear if these studies would be
usef ul .

Eval uations of its carcinogenic potential via the oral and inhal ation
routes would, therefore, also be useful. Studies using the dermal route would
be useful if dermal exposure were first denmonstrated to occur in popul ations
living or working in the vicinity of methyl nercaptan enissions.

Cenotoxicity. There are currently no genotoxicity data available in
humans or aninmals for methyl nmercaptan. A battery of in vitro genotoxicity
tests would be useful as a prelimnary step in determining its nmutagenic
potential and the need for further testing.

Reproductive Toxicity. There are no avail able data on the reproductive
toxicity of methyl mercaptan in hunans or aninmals via any route. Avail able data
i ndi cate that when intraperitoneally injected into rats, some nethyl mercaptan
is distributed to the testes (Canellakis and Tarver 1953). Based on this
observation, potential effects on reproductive organs and sperm count shoul d be
considered in any future internediate (go-day) or chronic durationstudies
conducted via any route. Studies via inhalation would probably be the nopst
rel evant to assessing the potential effects on the fertility of nen exposed in
the vicinity of hazardous waste sites or in occupational settings. This
i nformati on woul d probably al so be useful in the devel opnent of MRLs for these
dur ati ons.

Devel opnental Toxicity. There are currently no avail able data on this end
point in humans or aninmals. A study in aninmals exposed via inhalation wuld be
useful in assessing the potential devel opnental effects on fetuses carried by
worren exposed to nethyl nercaptan in the vicinity of hazardous waste sites and
in occupational settings, since this is expected to be themain route of hunman
exposure.

I mmunot oxicity. No studies related to the imunol ogi cal effects of
nmet hyl nercaptan in humans or ani mals have been | ocated. | mmunol ogic
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assessments such as effects on peripheral white blood cell counts would

provi de useful prelimnary information on this end point, especially as a part
of internmediate or chronic duration exposure studies using the inhalation route
since this is the nost |likely route of exposure of persons in the vicinity of
hazardous waste sites and in occupational settings.

Neur ot oxi city. The avail able information in humans and ani mal s
i ndi cates that high | evel exposure to methyl nercaptan via inhalation or
intraperitoneal injection can result in irreversible coma (Al Mardini et al
1984; Shults et al. 1970; Tansy et al. 1981; Zieve et al. 1984). Aninma
studi es that describe neurol ogical effects and assess norphol ogi cal damage to
the brain associated with intermediate or chronic duration inhalation exposure
to nethyl mercaptan at levels simlar to those in the vicinity of hazardous
waste sites or 1 n occupational settings would be extrenely useful, since
i nhal ation is expected to be the main route of human exposure in those
settings.

Epi demi ol ogi cal and Human Dosinmetry Studi es. Qccupational exposure to
nmet hyl nercaptan, such as occurs in pulp mlls, also involves exposure to other
sul fur-contai ni ng conpounds such as hydrogen sul fide, sulfur dioxide, and
di met hyl sul fide. Epidem ol ogi cal studies of such popul ati ons nay not provide
useful data since observed effects may not clearly be attributable to nethyl
ner capt an. Human dosi netry studi es woul d be useful, however, because
nmeasur enent of |evels of exposure to nmethyl nercaptan would help to indicate
whet her humans were at risk for nethyl nercaptan-induced effects associated
with those levels (assuming that this toxicity information would eventually
becone avail abl e).

Bi omar kers of Exposure and Effect. There are no sensitive bi omarkers of
nmet hyl nercaptan exposure. This would be useful information, especially for the
| evel s of this conmpound present in the vicinity of hazardous waste sites and in
occupational settings. However, because methyl mercaptan is always present in
t he human body and bl ood | evel s can becone el evated as a result of |iver dammge
(wi thout exogenous exposure), progress in this area nay not be forthcom ng

Currently, the only effect clearly associated with nethyl nercaptan
toxicity is coman (Shults et al. 1970). The identification of nore subtle
effects that might result fromchronic | owlevel exposure would be useful

Absorption, Distribution, Metabolism and Excretion. There are no
t oxi coki netic studies for methyl mercaptan via the inhalation, oral, or derma
routes. These studies would be valuable for tracing its netabolic fate
foll owi ng each route of exposure. Studies of absorption via the oral and
dermal routes may be useful in helping to deternmine if toxicity studies using
t hese routes are warranted.
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Conpar ati ve Toxi cokinetics. There is no avail able information on the
conpar ative toxicokinetics of nethyl nercaptan. Although species differences
in response to nethyl mercaptan exposure may exist, these studies nmay not be
useful until several other aspects of this chenmical's toxicity are first
i nvestigated. These conpari sons would then serve as an aid in putting the
results of aninmal toxicity data into perspective in relation to its rel evance
to potential human health effects.

Mtigation of effects. Recormended nethods for the mitigation of acute
ef fects of methyl nmercaptan poisoning include adm nistration of oxygen if
exposure is by inhalation, or thorough washing of the skin and flushing the
eyes with water if exposure is to these organs (Bronstein and Currance 1988;
Stutz and Janusz 1988). Drugs nay al so be administered to control seizures and
transfusions to alleviate anemia. No information was | ocated concerni ng
mtigation of effects of |lower-level or |onger-termexposure to nethyl
nmercaptan. Further information on techniques to mitigate such effects woul dbe
useful in determ ning the safety and effectiveness of possible methods for
treating nethyl nercaptan-exposed popul ati ons surroundi ng hazardous waste
sites.

2.9.3 On-going Studies

No studies on toxicity, toxicokinetics, epidemology, or other topics
di scussed in Section 2.8.2, above are known to be in progress.
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3.1 CHEM CAL | DENTITY

Conmon synonyns, trade nanes, and other pertinent identification
i nformation for methyl nercaptan are listed in Table 3-1

3.2 PHYSI CAL AND CHEM CAL PROPERTI ES

| mportant physical and chem cal properties of nmethyl nercaptan are
listed in Table 3-2.
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CHEMICAL AND PHYSICAL INFORMATION

Chemical Identity of Methyl Mercaptan

Characteristic

Information

Reference

Chemical name

Synonyms

Trade names
Chemical formula

Chemical structure

Identification numbers:

CAS Registry
NIOSH RTECS

EPA Hazardous Waste

OHM/TADS

DOT/UN/NA/IMCO Shipping

HSDB
NCI

Methyl mercaptan

Methanethiol;
thiomethyl alcohol;
methyl sulfhydrate;
mercaptomethane;
thiomethanol

No data

CH,S

"
H——?-—SH
H
74-93-1
PB4375000
U153
No data
UN 1064
IMCO 2.0
813
No data

Windholz 1983

HSDB 1989;
Windholz 1983

Windholz 1983

Sax and Lewis 1987
HSDB 1989
NIM 1989

NIM 1989
HSDB 1989
NLM 1989

CAS = Chemical Abstracts Service; DOT/UN/NA/IMCO = Department of
Transportation/United Nations/North America/International Maritime
Dangerous Goods Code; EPA = Environmental Protection Agency; HSDB =
Hazardous Substances Data Bank; NCI = National Cancer Institute;
NIOSH = National Institute for Occupational Safety and Health;
OHM/TADS = 0il and Hazardous Materials/Technical Assistance Data
System; RTECS ~ Registry of Toxic Effects of Chemical Substances
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TABLE 3-2. Physical and Chemical Properties of Methyl Mercaptan
Property Information Reference
Molecular weight 48.11 Windholz 1983
Color Colorless Verschueren 1983
Physical state Gas Verschueren 1983
Melting point -123.1°C Verschueren 1983
Boiling point 5.95°C Windholz 1983
Density at 20°C 0.8665 Windholz 1983

Odor
Odor threshold:
Water

Alr

Solubility:
Water at 20°C
Water at 25°C

Organic solvents

Partition coefficients:
Log K,,
Log K,
Vapor Pressure at 25°C
pKa
Henry’s law constant
Autoignition temperature
Flashpoint
Flammability limits
Conversion factors

Explosive limits

Rotten cabbage
0.000024 mg/L

0.0016 ppm

23.3 g/L
15.39 g/L

Soluble in alcohol,
ether, petroleum,
naphtha

No data

No data

1,500 mmHg

No data

3.85%x10°% atm-m®/mol
No data

0°F (_-18°C) (open cup)
No data

1 ppm = 2.05 mg/m’
1 mg/m® = 0.488 ppm
3.9%-21.8%

Windholz 1983

Amoore and
Hautala 1983
Amoore and
Hautala 1983

Windholz 1983
Hine and Mookerjee
1975

Sax and Lewis
1987

EPA 1983

EPA 1983

HSDB 1989
Verschueren 1983

Sax and Lewis
1987
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4. PRODUCTI ON, | MPORT, USE, AND DI SPCSAL

4.1 PRODUCTI ON

Met hyl nercaptan is produced conmercially by the reaction of hydrogen
sul fide with nethanol (Santodonato et al. 1985; Wndholz 1983). Met hyl
nmercaptan is manufactured by the Organic Chenical D vision of Pennwalt
Cor poration in Beaumont and Houston, Texas. Production volunes for these
facilities were not |ocated (SR 1987, 1988, 1989).

4.2 | MPORT/ EXPORT
No data were | ocated regarding the inport or export of nethyl nercaptan
4,3 USE

Met hyl nercaptan is used as a chem cal internediate in the production of
jet fuel, certain pesticides, and plastics and in the synthesis of the am no
acid net hionine (ACAH 1986; HSDB 1989; Santodonato et al. 1985). Methyl
nmercaptan is also used to add odor to certain odorless hazardous gases. Methyl
nercaptan is not one of the chenicals considered acceptable for use as an
odorant in natural gas (AGA 1983; HSDB 1989; Reid 1958; Santodonato et al
1985; W ndhol z 1983).

4.4 DI SPOSAL

Since methyl mercaptan is |listed as a hazardous substance, disposal of
wast es contai ning nethyl nercaptan is controlled by a nunber of federa
regul ati ons (see Chapter 7). Land disposal restrictions for nethyl nercaptan
are anong those schedul ed for promulgation in 1990 (40 CPR 268.12). Methyl
ner captan nay be di sposed of by controlled incineration, and it is a potentia
candidate for fluidized bed and rotary.kiln incineration (HSDB 1989). No
quantitative data were |ocated on the amount of methyl nercaptan di sposed of in
waste sites.
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5.1 OVERVI EW

Met hyl nercaptan is a naturally occurring gaseous conpound produced as a
result of mcrobial degradation and present in trace anounts in natural gas.
It islikely to volatilize fromsoil and water and be photooxidized in the
at nosphere. Methyl mercaptan is probably nobile in soils, and it is not
likely to bioaccumnul ate.

Human exposure to trace anmounts of methyl nercaptan probably occurs from
all environmental media. However, since this compound has an extrenely
unpl easant odor and the odor threshold is quite low, it is unlikely that
signi ficant hunan exposure to nethyl nercaptan will occur, except possibly in
the vicinity of sewage treatnment plants or industrial facilities or in the
wor kpl ace.

The EPA has identified 1,177 NPL sites. Methyl mercaptan has been
found at 2 of the sites evaluated for the presence of this chem cal. However,
we do not know how many of the 1,177 NPL sites have been evaluated for this
chemical. As nore sites are evaluated by the EPA, the nunber may change (View
1989). The frequency of occurrence at these sites within the United States
can be seen in Figure 5-1

5.2 RELEASES TO THE ENVI RONVENT

Rel eases of nmethyl mercaptan may occur fromindustrial sources.
However, manufacturers, users, and processors of nethyl mercaptan are not
required to report quantities of this substance rel eased to environnental
nmedi a, since nethyl nercaptan is not on the SARA Section 313 Toxic Chem ca
List. Therefore, rel eases of nethyl nercaptan during normal operations are
not reported in the Toxics Release Inventory (TRl 1989).

5.2.1 Air

Met hyl nercaptan is released to the atnosphere from both natural and
ant hropogeni ¢ sources. Natural sources-include vegetation, aninal wastes,
m crobi al degradation, and natural gas (Adams et al. 1979; Farwell et al
1979; Graedel 1978; Reid 1958). Estinmation of average nethyl mercaptan
em ssion froma saline marsh in North Carolina was 6.56 g sul fur/nt/year
(Adanms et al. 1979). No other quantitative data regarding em ssions from
natural sources were | ocated.

Potential industrial em ssion sources include wood pulp, oil shale, and
petrol eum processi ng plants and sewage treatnent plants (EPA 1987b; G aedel
1978; Reid 1958; Sklarew et al. 1984). Rel eases may al so occur from.
hydrol ysis or conbustion of wool (Junk and Ford 1980; Reid 1958). A survey of
about 2,950 industrial facilities in North Carolina reported fugitive and
stack em ssions of nethyl mercaptan totalling 239,594 pounds/year (MCune
1990).
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5.2.2 Water

No data were | ocated regardi ng the anbunt of nethyl nercaptan rel eased
to water. However, this compound was identified in both the influent and the
effluent of a wastewater treatnent plant. It is likely that nethyl nercaptan
is formed in the water by chem cal reaction or mcrobiological fernentation
rather than being released fromindustrial or nunicipal sources (Reid 1958;
Van Langenhove et al. 1985). Data fromthe Contract Laboratory Program (CLP)
Statistical Database indicate that nethyl nercaptan was not detected in
surface water or groundwater at about 400 hazardous waste sites (CLPSD 1986).

5. 2.3 Soi

Met hyl nercaptan occurs naturally in many soils and nay be adsorbed to
the soil fromthe atnosphere (Smith et al. 1973). No data were | ocated
regarding | and rel eases of nethyl mercaptan fromindustrial sources. Land
di sposal .restrictions have been proposed for nmethyl nercaptan (EPA 1989c).

Met hyl nercaptan was detected in two soil sanples at a geonetric nean

concentration in positive sanples of 83 nug/kg, at 1 of 455 hazardous waste
sites (CLPSD 1986). It is inportant to note that the CLP Statistical Database
i ncludes data fromboth NPL and non-NPL sites. Since nethyl nercaptan nay
occur naturally in soils, occurrence at a hazardous waste site does not
necessarily indicate a release to the environment fromthe site.

5.3 ENVI RONVENTAL FATE
5.3.1 Transport and Partitioning

Met hyl nercaptan is a gas with a vapor pressure of 1.97 atmat 25°C (EPA
1983). A snall fraction of atnospheric nethyl mercaptan may di ssol ve intowater
vapor (such as clouds and rain drops). A Henry's |law constant (H)
estimates the tendency of a chemical to partition between its gas phase and
water. A value for H has not been experinentally nmeasured, but it may be
estimated by dividing the vapor pressure of nethyl nercaptan by its water
solubility at the same tenperature (Mabey et al. 1982). In this case, an
estimated value for His 3.85x10° atm m/nole (EPA 1983). The nagnitude of
this val ue suggests that only a small fraction of gaseous nethyl nercaptan
woul d dissolve in water and that nost would remain in the air

Gaseous nethyl nercaptan nay al so partition to soils. Sorption
capacities of six-air-dry soil sanples ranged from2.4 to 32.1 ng CH;, SH per ¢
of soil (Smith et al. 1973). The range for nost soils was 2.2-21.4 ng/g of
soi|l. These aut hors concluded that soil may be a sink for gaseous
or ganosul fur conpounds. No information was |ocated on the fate of sorbed
met hyl ner capt an.
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Met hyl nmercaptan is very soluble in water. Its solubility at 20°Cis
approxi nately 23.3 g/Ln§EPA 1983). The nmmgnitude of the estimated Henry's | aw
constant (3.85x10°atm ni/nole) indicates that a large fraction of the
di ssol ved nethyl nmercaptan will volatilize fromsolution, depending on
tenperature, relative humdity, air currents, and the extent of mxing of the
sol uti on.

Met hyl nercaptan may not be bioconcentrated significantly in water
however, no information was |located on this topic. An octanol/water partition
coefficient (K,) estimates the partitioning of a chenical between octanol and
water. Cctanol is believed to best imtate the fatty structures in plants and
living aninmal tissues. Based on its solubility in water (Hassett et al
1983), the K,, of nmethyl nercaptan can be cal cul ated as approxi nately 19.

This | ow val ue suggests that nmethyl mercaptan will not partition to fat
tissues significantly. A bioconcentration factor (BCF) relates the
concentration of chenmical in aquatic plants or aninmals to the concentration of
the chemical in the mediumin which they |ive. Based on the enpirica
regressi ons of Kenaga (1980) using soil sorption paraneters, an estimated BCF
for methyl nercaptan is about [-2. This | ow BCF indicates that

bi oconcentration is not a significant fate mechanismfor volatile mnethyl
nmercaptan rel eased into the environnment. However, no experinmentally-neasured
BCFs for methyl mercaptan were |ocated to corroborate these predicted val ues.

Met hyl nercaptan in water nmay have very little tendency to be adsorbed
by soils and sediments. The extent of adsorption of sparingly water-soluble
conpounds is often highly correlated with the organic-carbon content of the
adsorbent (Hassett et al. 1983). Wen adsorption is expressed as a function
of organi c-carbon content, an organic carbon/water partition coefficient (K,)
is generated, and nay be used to rank the relative nmobility of the chemcal in
soi | -water systens. Based on its solubility in water, an estinated K, for
nmet hyl nercaptan can be calculated as 17, using the enpirical regression of
Hassett et al. (1983). This |low value indicates that nethyl nercaptan is very
highly nobile in soil as conpared with other conpounds |isted by Roy and
Giffin (1985). However, nethyl mercaptan is not a sparingly soluble chem cal
in water. Methyl mercaptan is also a weak acid that dissociates in water
yi el di ng an ani on. The adsorption of ionic chenicals cannot be predicted by
Ko concepts. The dissociation constants (pKa) of nercaptans in general are
on the order of 11.4 (Reid 1958; Yabroff 1940). Consequently, the relative
proportion of nethyl mercaptan as an ion is probably insignificant in
environnental | y-rel evant waters where the pHis less than 9. Therefore, the
estimated K, value of 17 may be a reasonabl e indicator of how this chenica
partitions between water and soil. No corroborative information was | ocated.
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5.3.2 Transformati on and Degradation
5.3.2.1 Air

The major fate of atnospheric nethyl nercaptan is photooxidation
Met hyl nercaptan may be transfornmed by photon-photol ytic oxidation, yielding
hydr ogen, sul fur dioxide, dinethyl disulfide, and other polysulfides (Haines
et al. 1956; Sheraton and Murray 1981). Methyl nercaptan may al so be oxidi zed
by tropospheric oxygen radicals, yielding dinethyl disulfide and other sulfide
conpounds (Nip et al. 1981). The rate constant for this reaction at anbient
t enperatures (about 25°C) has been neasured to be approximtely 1.77-1.90x10"
cm/ nol ecul e-set (Nip et al. 1981; Slagle et al. 1976). |f the nean
concentration of ground-state oxygen radicals is about 5x10" nol ecul es/ cnB
(Cupitt 1980), then the atnospheric half-life of nethyl mercaptan is on the
order of 4 nonths.

Met hyl nercaptan may be nore rapidly transfornmed by interacting with
at nospheric hydroxyl radicals. The neasured rate constant for this reaction
at anbient tenperatures ranges from2.1 to 9.04x10" cnB/ nol ecul e- see
(Atkinson et al. 1977; Cox and Sheppard 1980; Hynes and Wne 1987; ©Mac Leod
et al. 1984; Wne et al. 1984). Gven that the concentration of tropospheric
hydroxyl radicals varies from 3x10° to about 1x10’ nol ecul es/cni (Mac Leod et
al. 1984), it follows that the atnospheric half-life of nethyl mercaptan is on
the order of 0.2-30 hours. Consequently, it appears that gaseous nethyl
nmercaptan is labile in the troposphere. Transformation products include
sul fur dioxide, nethylsulfenic acid (CHSOH), and nethyl sulfide radicals
(Hat akeyama and Aki noto 1983). Several other reaction products have been
predi cted but not confirned.

Experi mental data have al so denonstrated that methyl mercaptan is labile
in polluted air where nitrogen oxide (NQ) concentrations are higher (Balla and
Hei ckl en 1985; Sickles and Wight 1979). N trogen oxides catal yze the
phot ooxi dati ve transformati ons of nethyl nercaptan. Reaction products
undert hese conditions include sul fur dioxide, nitric acid, fornaldehyde,
nmet hyl nitrate, nethanesul fonic acid, inorganic sulfate (G osjean 1984),

di met hyl di sul fide, and nitric oxide (Balla and Hei ckl en 1985).

Reaction with the nitrate radical (NO) nay be the doni nant atnmospheric
| oss process for methyl mercaptan under certain conditions (D ugokencky and
Howard 1988; Mac Leod et al. 1986). The rate constant for the reaction of
at rospheric methyl mercaptan with NO, was recently determ ned (D ugokencky and
Howard 1988; Mac Leod et al. 1986). Based on a rate constant of about
1x10" cnB/ nol ecul e-set and a NO, concentration of 2.4x10° nol ecul e/ cm,

Mac Leod et al. (1986) cal cul ated an atnospheric lifetinme of 1.2 hours for
nmet hyl nercaptan, less than the estinated atnospheric lifetine (8.4 hours)
based on reaction with the CH radical
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5.3.2.2 Water

Very little is known about nonbi ol ogi cal | y-nedi ated transfornations of
net hyl nercaptan in water. It seenms likely that nethyl nercaptan wll
phot ooxi di ze and oxidize in water, but no informati on was | ocat ed.

5.3.2.3 soi

Met hyl nercaptan may be degraded by nethanogenic bacteria in soil, but
there is little informati on avail able. Methyl nercaptan in solution was
net abol i zed to nethane and carbon di oxi de when in contact w th anaerobic
freshwat er sedi nents and sewage sl udge (Zi nder and Brock 1978). No ot her
i nformati on on transfornmation or degradation in soil was | ocated.

5.4 LEVELS MONI TORED OR ESTI MATED I N THE ENVI RONVENT
5.4.1 Air

Met hyl nercaptan was detected in anbient air at 4 ppb (8.2 ug/ni> and in

a primary school in Japan at 2.8 ppb (5.7 pug/nmB) (Okita 1970). No ot her
studi es were | ocated regardi ng at nospheric concentrations of nethyl nercaptan

5.4.2 Water

G oundwat er and surface water nonitoring studies do not generally
i ncl ude met hyl nercaptan. This conpound was not detected in a screen of about
1,800 conmunity and private wells in Wsconsin (Krill and Sonzogni 1986). No
ot her studies regarding water concentrations of nmethyl mercaptan were | ocated.

5.4.3 Soil

Al t hough net hyl nercaptan is produced by mcrobial degradation in soils,
is adsorbed fromthe atnosphere by soil, and is volatilized fromsoil (Adans et
al. 1 979; Farwell et al. 1979; Reid 1958; Smith et al. 1973), no
guantitative data on the concentration of nmethyl nercaptan in anbient soils
were | ocat ed.

5.4.4 O her Environnental Mdia

Met hyl nercaptan has been identified as a volatile conmponent of roasted
filberts and Beaufort cheese (Dunbnt and Adda 1978; Kinlin et al. 1972).
Trace anmounts are present in the roots and | eaves of some plants, in natura
gas and, as a result of digestive and netabolic processes, in urine and feces
(Reid 1958). Methyl nercaptan is also found in comrercially extractable
quantities in the "sour gas" of west Texas (Reid 1958).
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5.5 GENERAL PCPULATI ON AND OCCUPATI ONAL EXPOSURE

Since nmethyl nercaptan is a naturally occurring substance present in
foods and sonetines formed during digestive and netabolic processes, the
general population will nost likely be exposed to trace anmpunts of this
conpound. However, the available data are i nadequate to estinmate the extent
of exposure of the general population to either natural or anthropogenic
sources of nethyl nercaptan

I nhal ati on exposure in occupational settings is probably the nopst
significant hunan exposure scenario for nethyl nercaptan. Santodonato et al
(1985) estinmated that about 19,000 workers were potentially exposed to nethyl
nercaptan in the 1970s. The estinmate of workers potentially exposed to nethyl
nmercaptan increased from357 in the early 1970s to about 6,200 in the early
1980s (NOES 1989; NOHS 1989). Neither the NOHS nor the NCES databases contain
i nformation on the frequency, concentration, or duration of exposure of
workers to any of the chemicals listed therein. These surveys provide only
estimates of the nunber of workers potentially exposed to chemcals in the
wor kpl ace. Most occupational exposures are likely to occur in sewage
treatment plants and pulp mlls, rather than in nethyl nercaptan production or
consunptive use facilities. Mean nethyl mercaptan concentrations in workplace
air ranged fromO0.070 to 0.263 ppmin sewage plants and fromO0.021 to 3.70 ppm
inpulp mlls in Finland (Kangas and Ryosa 1988; Kangas et al. 1984) and from
0.55 to 1.06 ppmat a |ockgate on a Japanese river (kita 1970). No other data
on workpl ace air concentrations were | ocated.

Since nmethyl nercaptan has a penetrating and extrenely unpl easant odor
and the odor threshold in air is quite low (1.6 ppb) (Anmoore and Hautal a
1983), it is unlikely that humans would willingly tolerate exposure to
concentrations nuch above the odor threshold for any substantial tine period.
However, humans in occupational settings may rapidly succunb to extrenely high
| evel s of nethyl mercaptan, as in the case of the worker who died after
enptyi ng tanks of nethyl nercaptan (see Chapter 2).

5.6 POPULATI ONS W TH POTENTI ALLY H GH EXPOSURES

Workers in sewage treatment plants, pulp mlls, chenmical plants, and
other industrial or agricultural settings where chem cal or mcrobiologica
formati on of methyl nercaptan is significant would have potentially high
exposure to this conpound. People living in the imediate vicinity of these
facilities as well as in the vicinity of hazardous waste sites al so have
hi gher exposure potential than does the general popul ation.

5.7 ADEQUACY OF THE DATABASE
Section 104(i)(5) of CERCLA, as anended, directs the Administrator of

ATSDR (in consultation with the Adm nistrator of EPA and agenci es and prograns
of the Public Health Service) to assess whether adequate information on the
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health effects of nethyl nmercaptan is avail able. Were adequate information
is not available, ATSDR, in conjunction with the NTP, is required to assure
the initiation of a program of research designed to deternmine the health
effects (and techni ques for devel opi ng nmethods to determi ne such health

ef fects) of nethyl nercaptan

The foll owi ng categories of possible data needs have been identified by
a joint teamof scientists fromATSDR, NTP, and EPA. They are defined as
subst ance-specific informational needs that, if net, would reduce or elimnate
the uncertainties of human health assessnent. In the future, the identified
data needs will be evaluated and prioritized, and a substance-specific research
agenda wi || be proposed.

5.7.1 Data Needs

Physi cal and Chemi cal Properties. The dissociation constant of nethyl
mercaptan in water is not known precisely (Reid et al. 1958; Yabroff 1940) and
this measurenment woul d be useful in predicting the environnental fate and
transport of this conmpound. A laboratory verification of the estinated
Henry's | aw constant for methyl mercaptan (Hassett et al. 1983) would provide
a nore accurate nmeasurenent of air-water partitioning.

Production, Inport/Export, Use, and Disposal. No data were located with
regard to past or present production, use, rel ease, or disposal of nethyl
nercaptan. Since nost human exposure to nmethyl mercaptan is not associated with
production, use, or disposal, but rather with sewage treatnment, wood pul ping,
or oil processing facilities (EPA 1987b; Graedel 1978; Reid 1958; Skl arew et
al. 1984), additional data on its production and use will probably not
significantly affect estinmates of human exposure to this compound. However,
data on nethyl nercaptan rel eases fromthose facilities where the chemcal is
produced inadvertently (sewage treatnent, wood pul ping, etc.) would be usefu
in evaluating the potential for human exposures.

Envi ronnental Fate. Small anounts of methyl nercaptan nay partition
fromair to water or soil (EPA 1983; Snith et al. 1973). Based on neasured
physi cal properties, nmethyl nercaptan is likely to volatilize fromwater to
air (EPA 1983), but has little tendency to adsorb to soils (Hassett et al
1983). Methyl nercaptan is likely to be nobile in environmental nedia
(Hassett et al. 1983). Additional research on the soil sorption of gaseous
nmet hyl nercaptan may be hel pful in describing the transport of the gas phase
in the vadose zone. The reaction nechanisns of nethyl nercaptan
transformations in the atnmosphere are fairly-well understood (Atkinson et al
1977; Balla and Heickler 1985; Cox and Sheppard 1980; DI ugokencky and Howard
1988; Haines et al. 1956; Hynes and Wne 1987, Mac Leod et al. 1986; N p
et al. 1981; Sheraton and Murray 1981; Slagle et al. 1976), but the
environnental fates of sone of the transformation products are not well known.
Very little is known about the fate of methyl mercaptan in water. It would be
hel pful to collect data on oxidation, hydrolysis, photodegradation, and
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bi odegradati on in surface water and groundwater. Research on the
bi odegradati on and abiotic transformation of nethyl nercaptan in soils would
al so be useful

Bi oavailability from Environnental Media. Methyl mercaptan is soluble in
wat er and may have very little tendency to be adsorbed to soils or
sedi ments (EPA 1983; Hassett et al. 1983). Therefore, it will be bioavail able
fromnatural waters. However, there are no data on the potential absorption
of methyl mercaptan via the oral or dermal routes. These data woul d be usefu
in assessing the potential effects of recreational use of natural waters
contam nated with met hyl nercaptan. Information on the absorption of inhaled
nmet hyl nercaptan released to air would al so be useful in assessing its
bi coavailability fromthat nedium

Food Chai n Bi oaccunul ati on. There are no data on the bioconcentration of
net hyl nercaptan by aquatic organi snms, or data on the bi oaccurmul ati on of nethyl
nmercaptan in the food chain. However, this lack of data may not be amgjor
[imtation, because the food chain bioaccunul ati on of nethyl nercaptan is
unlikely owing to its high volatility and water solubility (EPA 1983; Hassett
et al. 1983).

Exposure Levels in Environnental Media. There are few studi es neasuring
concentrations of nethyl nmercaptan in any environmental media (Kril
andSonzogni 1986; kitu 1970). Since levels in anbient air, water, and soil are
unknown, nonitoring studies would confirmthe presence or absence of this
conpound in these nmedia. Data on anbient air |levels at hazardous waste sitesand
estimates of human intake would be particularly useful.

Exposure Levels in Humans. Exposures of humans to natural sources of
net hyl nercaptan are difficult to estimate. Measurenents of nethyl nercaptan
in workplace air would be useful in estinmating occupational exposures.
Because net hyl nercaptan is always present in human tissue i ndependent of
exposure, these |evels cannot be used as a neasure or indication of exposure
wi t hout confirmatory data on exogenous | evels of methyl nercaptan.

Exposure Regi stries. No exposure registries for nethyl nercaptan were
| ocated. This compound is not currently one of the conmpounds for which a
subregi stry has been established in the National Exposure Registry. The
conpound will be considered in the future when chem cal selection is nade for
subregistries to be established. The information that is anassed in the
Nat i onal Exposure Registry facilitates the epidemni ol ogi cal research needed to
assess adverse health outcones that may be related to the exposure to this
conpound.
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5.7.2 On-going Studies

Renedi al investigations and feasibility studies conducted at the 2 NPL
sites known to be contaminated with nmethyl nercaptan will add nore i nformation
to the avail abl e dat abase on exposure levels in environmental nedia and
exposure levels in humans. No other infornation was | ocated on any on-going
studies on the fate, transport, or potential for human exposure to methyl
mer capt an.
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The purpose of this chapter is to describe the analytical nethods that
are available for detecting and/or neasuring and nonitoring nethyl nercaptan
in"environnental media and in biological sanples. The intent is not to
provi de an exhaustive list of analytical nmethods that coul d be used to detect
and quantify nethyl nercaptan. Rather, the intentionis to identify
wel | established nethods that are used as the standard nethods of analysis. Many
of the analytical methods used to detect nethyl mercaptan in
environnental sanples are the nethods approved by federal agencies such as EPA
and the National Institute for Qccupational Safety and Health (NIGSH). O her
net hods presented in this chapter are those that are approved by groups such as
the Association of Oficial Analytical Chemists (AOAC) and the Anerican Public
Heal th Association (APHA). Additionally, analytical nethods are included that
refine previously used nethods to obtain | ower detection limts, and/or to
i mprove accuracy and precision

As a volatile material boiling at only 5.95°C (W ndhol z 1983), nethyl
nmer captan, CH;SH, also called nethanethiol, is readily determ ned by gas
chromat ogr aphi ¢ analysis. The sensitivity and selectivity of detection are
i ncreased by the use of sulfur-selective detectors; in one study, substitution
of a sulfur-selective flane photonetric detector for a flame ionization
detector reduced the detection limt from20 to 2 pg/unit sanple (Knarr
andRappaport 1980). Hydrogen sulfide (HS), dinethyl sulfide ([CH].S), and
di met hyl disulfide ([CH].S;) are other reduced sul fur compounds that may occur
along with methyl mercaptan and are conmonly determined along with it.
Normal Iy, nethyl mercaptan is collected fromthe gas phase or from vapor
evolved fromthe sanple matrix on a colum of solid sorbent, such as Tenax@
Col l ection on nol ecul ar sieve is al so possible (Kangas and Ryosa 1988),
al t hough probl ens are encountered frominconpl ete desorption of nethyl
nmer captan from nol ecul ar sieve. Cryogenic (low tenperature) collection may al so
be possible and is less likely to lead to alterations of the analyte in the
coll ection apparatus (Brettell and Grob 1985). The presence of water can result
in reduced sorption capacity for nethyl nmercaptan as well as deconposition
during thermal desorption. Sorption efficiency is inproved nmarkedly by renoval
of water fromthe air streamwth cal ciumchloride (Tangerman 1986). Purge-
and-trap techni ques are used to collect nethyl mercaptan from water (Badings et
al . 1985). Headspace vapor in equilibriumwith the sanple in a cl osed contai ner
may al so be subjected to gas chromat ography.

6.1 BIO.OG CAL MATERI ALS

Met hods for detection of methyl mercaptan in biological materials are
summari zed in Table 6-1

Met hyl nercaptan has been deternmined in a variety of biologica
materials as shown in Table 6-1. Nornmally, ' for determination in biologica
sanpl es, nethyl nercaptan is released fromthe sanple nmatrix and coll ected on
a colum of solid sorbent, cryogenically or as headspace gas. As a result of



TABLE 6-1. Analytical Methods for Determining Methyl Mercaptan in Biological Materials

Sample
detection
Sample matrix Preparation method Analytical method limic Accuracy Reference
Bacterial cultures Mix with potassium carbonate, GC/MS No data® No data® Hayward et al.
collection of headspace vapor 1977
at 60°C
Clostridium Collection of headspace vapor GC/MsS 1-10 ppb® No data Rimbault et al.
bacterial cultures under vacuum 1986
Blood, brain tissue No data GC/SSD No data Ko data Al Mardini et al.
1984
Collagen Collection of headspace vapor GC No data No data Johnson and
Tonzetich 1985
Blood and serum Release from metabolites, - GC[SSD <0.3 pmol/L 9247X-9924Y Tangerman et al.
collection on Tenax® 1985
Breath Trapping from breath onto GC/SSD 0.2 ng/L 97 +5X Tangerman et al.
Tenax®, desorption (0.1 ppb) 1983

*Analytical results were reported as "peak areas”, not concentrations.
"Level in headspace gas.

GC = gas chromatography; MS = mass spectrometry; SSD = sulfur-specific detector

‘9
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Phase || metabolic reactions in biological systens (Manahan 1989), nethyl

nmer capt an nay be bound as conjugates fromwhich it rmust be rel eased prior to
anal ysis. Two such bound fractions of nethyl mercaptan have been identified
in human serum (Tangerman et al. 1985). In one fraction, fromwhich the

nmet hyl nercaptan is released by acid, the nmethyl nercaptan is thought to be
bound as met hyl - bet a- D-t hi ogl ucuroni de. I n another fraction nethyl nercaptan
is covalently bound to proteins in a disulfide |linkage and is rel eased by
reaction with dithiothreitol.

6. 2 ENVI RONVENTAL SAMPLES

For the deternination of nmethyl nmercaptan in air, the analyte is usually
trapped and concentrated froma large volune of air on a solid sorbent such as

Tenax®, activated carbon, or nolecular sieve fromwhich it is rel eased
thermally for subsequent neasurenent. It is advisable to dry the air sanple
with calciumchloride prior to collection of nethyl nercaptan to preventanal yte
deconposition on the collection nmedi um (Kangas and Ryosa 1988;

Tanger man 1986). For aqueous and solid waste sanples, nmethyl nercaptan is

purged with an inert gas and collected on a solid such as Tenax®, or
cryogenically, followed by thermal desorption and nmeasurenment. Gas

chr omat ogr aphy using sensitive and highly specific nass spectronmetry (MS) or
highly sensitive flanme photonetric detection (FPD) for detection is the

anal ytical method of choice for the deternination of methyl mercaptan in
envi ronnent al sanpl es.

Met hods for the determ nation of nethyl nercaptan in environnenta
sanpl es are sunmarized in Table 6-2.

6. 3 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, as anended, directs the Adm nistrator of
ATSDR (in consultation with the Adm nistrator of EPA and agenci es and prograns
of the Public Health Service) to assess whether adequate information on the
health effects of nethyl mercaptan is avail able. \Were adequate informationis
not avail able, ATSDR, in conjunction with the NTP, is required to assurethe
initiation of a program of research designed to determine the health effects
(and techni ques for devel opi ng nethods to deternine such health effects) of
net hyl nercaptan

The foll owi ng categories of possible data needs have been identified by
a joint teamof scientists fromATSDR, NTP, and EPA. They are defined as
subst ance-specific informational needs that, if net, would reduce or elimnate
the uncertainties of human health assessnent. In the future, the identified
data needs will be evaluated and prioritized, and a substance-specific -
research agenda will be proposed.



TABLE 6-2. Analytical Methods for Determining Methyl Mercaptan in Environmental Samples

Sample
detection
Sample matrix Preparation method Analytical method limit Accuracy Reference
Ambient air Removal of water by calcium GC/FPD <0.01 cm®/m® No data Kangas and Ryosa
chloride, adsorption on 1988
molecular sieve, thermal
desorption
Alr Removal of water by calcium GC/FPD <12 ppt 9372 Tangerman 1986
chloride, trap from air onto
Tenax® at -196°C, desorption
at 200°C
Air® Retention by activated carbon GC No data No data ASTM 1987
Alir Collection on a glass fiber GC/FPD 17 wg/m’ 98.440.22%° Knarr and
filter inmpregnated with Rappaport 1980
mercurlc acetate
Flue gases Collection on sample loop, GC/FPD <1 ppm No data De Souza 1987
direct injection
Water Purge, cryogenic trap HRGC No data No data Badings et al.
‘1985
Water Direct injection GC 1 mg/L No data ASTM 1988
Waste water Purge from water by helium, GC/MS No data No data Van Langenhove
collect on Tenax®, thermal et al. 1985
desorption
Soil* Purge by helium: collection GC/MS 5 pglkg No data EPA 1986

on solid, thermal desorption

*As recovery from Tenax®

®Absorption characteristics for sampling atmospheric vapor with activated carbon for subsequent analysis by GC.

‘At 1 ppm

9General method for the determination of volatile organic matter in water using flame ionization detection. Selectivity and

sensitivity for methyl mercaptan can be greatly enhanced with sulfur-selective detection.

®Also applicable to sediment and solid waste.

FPD = flame photometric detector; GC = gas chromatography; HRGC = high resolution gas chromatography; MS = mass spectrometry;
pPpt = parts per trillion

9
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6. 3.1 Data Needs

Met hods for Determ ning Bi omarkers of Exposure and Effect. Sensitive
and sel ective nethods are available for the qualitative and quantitative
nmeasur enent of nethyl mercaptan in biological materials, after it is separated
fromits sanple matrix (Al Mardini et al. 1984; Hayward et al. 1977; Johnsonand
Tonzetich 1985; Rinbault et al. 1986; Tangerman et al. 1983, 1985). However,
there are currently no nethods available to qualitatively or
guantitatively correlate exposure to nethyl nmercaptan with bi onarkers in
tissue or fluid. As discussed previously (Section 2.5), tissue and fluid
| evel s of nethyl mercaptan can be independent of exogenous exposure to t
conpound.

hat

In the analysis of nethyl nercaptan in biological materials, capillary
gas chronat ography, also comonly known as hi gh-resol uti on gas chronat ogr aphy
(HRGC), has greatly facilitated the analysis of conmpounds such as nethyl
nmercaptan that can be nmeasured by gas chromat ography and has resulted in vast
i mprovenents in resolution and sensitivity. The instrunental capability to
separate volatile analytes by HRGC is, for the nost part, no |onger the
limting factor in their analysis.

It woul d be useful to have the nmeans to transfer analytes that have been
isolated froma biological matrix, quantitatively and in a narrow band, to the
HRGC, and to identify and accurately neasure the quantity of conpounds in the
HRGC peaks. Mass spectronetric detection and Fourier transforminfrared
spectroscopy (FTIR) may prove to be the nbst useful methods for these
functions.

There is a lack of standard nethods for the neasurement of metabolites of
nmet hyl nercaptan in biological naterials and devel opnent of these nmethods woul d
facilitate their deternmination in routine practice.

Speci fic nethods for biomarkers that correlate | evels of nethyl
nmercaptan or its nmetabolites with toxic effects in exposed popul ati ons are not
avai | abl e. These net hods woul d be hel pful in defining the potential health
risks of certain tissue or fluid |evels of these conpounds, independent of
their source.

Met hods for Determ ning Parent Conpounds and Degradati on Products in
Envi ronnental Media. Methods for determ ning the parent conpound, nethyl
mercaptan, in water, air and waste sanples with excellent selectivity and
sensitivity are well devel oped (ASTM 1987, 1988; Badi ngs et al. 1985; De Souza
1987; EPA 1986; Kang as and Ryosa 1988; Knarr and Rappaport 1980; Tanger man
1986; Van Langenhove et al. 1985), so the database in this area is good
andunder goi ng constant inprovenent. For exanple, research is on-going to
devel op a "Master Analytical Schene" for organic conpounds in water (M chael et
al . 1988), which includes nmethyl nercaptan as an anal yte. The overall goal is

to detect and quantitatively nmeasure organi c conmpounds at 0.1 pg/L in drinking
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water, 1 ug/L in surface waters, and 10 pg/L in effluent waters. Analytes are
to include numerous nonvol atil e conpounds and sone conpounds that are only
"sem -soluble” in water, as well as volatile conmpounds (bp<I50"C)

| nproved nethods are needed for the determination of nethyl nercaptan in
solid environmental sanples, including soil and sedinments. The standard EPA
Met hod 8240 for gas chromat ography/ mass spectronetry of volatile organics in
wastes, soils, and sedinments (EPA 1986) could be tested thoroughly for methyl
nmer capt an anal ysis and optim zed for this application

Sanpl i ng net hodol ogi es for conpounds such as methyl mercaptan continue
to pose probl ens such as nonrepresentative sanples, insufficient sample
vol unes, contam nation, and |abor-intensive, tedious extraction and
purification procedures (G een and Le Pape 1987). It is desirable to have
means to measure organi ¢ conmpounds such as methyl mercaptan in situ in water
and other environnental media without the need for sanpling and extraction
procedures to isolate the analyte prior to analysis.

Degradati on products of nethyl nercaptan in environnmental nedia are
difficult to determ ne because these products nay conme from a nunber of
sources ot her than nethyl nercaptan

6.3.2 On-going Studies

The Environnental Health Laboratory Sciences Division of the Center for
Envi ronnental Health and Injury Control, Centers for Disease Control, is
devel opi ng met hods for the anal ysis of methyl nercaptan and other volatile
organi ¢ conpounds in blood. These nethods use high resol ution gas
chr omat ogr aphy and magnetic sector nass spectronetry which gives detection
l[imts in the low parts per trillion range.

Exami nation of the literature suggests that other studies are underway
to i nprove neans for determ ning nmethyl nercaptan and ot her reduced sul fur
conpounds in biological sanples and environnental nedia. |nprovenents
continue to be nmade in chromatographi c separation and detection, including
supercritical fluid extraction and supercritical fluid chromatography (Smth
1988). Fourier transforminfrared flow cell detectors are sensitive and
sel ective for the detection of conpounds such as nethyl nercaptan that have
been separated by fluid chromatography (Weboldt et al. 1988). | munoassay
net hods of analysis are very pronising for the deternination of various
organi ¢ pollutants and toxicants, and it is reasonable to assune that nethyl
mercaptan, and particularly its metabolites such as nethyl - bet a-

Dt hi ogl ucuroni de are candi dates for this type of analysis.
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Because of its potential to cause adverse health effects in exposed
peopl e, a nunmber of regul ati ons and gui del i nes have been established for
nmet hyl nercaptan by various national and state agencies. These val ues are

summari zed in Table 7-1.
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TABLE 7-1. Regulations and Guidellnes Applicable to Merhyl Mercaptan

Agency Description Information Reference
NATIONAL
Regulations:
a. Alr:
OSHA PEL TWA 0.5 ppm (1 mg/m?®) OSHA 1989
(29 CFR
1910.1000)
Table Z-1-A
b. Water:
EPA OWRS General permits under NPDES Yes 40 CFR 122,
! Appendix D,
Table V
Hazardous substance 40 CFR 116
Reportable quantity 100 1lbs 40 CFR 117.3
c. Nonspecific
media:
EPA OERR Reportable quantity 100 1lbs EPA 1989a (40
CFR 302.4)
Extremely hazardous substance TPQ 500 1lbs EPA 1987a
(40 CFR 355)
EPA OsSW Hazardous waste constituent Yes 40 CFR 261
(Appendix VIII)
Land disposal restrictions (proposed) Yes EPA 1989c
(40 CFR 264,
268)
FDA Food additive - synthetic flavoring Yes 21 CFR 172.515
substance
Guidelines:
a. Alr:
ACGIH TLV TWA 0.5 ppm (1 mg/m®) ACGIH 1986
NIOSH IDLH 400 ppm NIOSH 1985
CEILING (15 min) 0.5 ppm
STATE
Regulations:
a. Air: Acceptable amblent air concentration NATICH 1989
New York 3.30 ug/m® (1 yr)
Virginia 16.0 ug/m® (24 hr)
North Dakota Maximum Acceptable Ambient Level 10 pug/m? Rydell 1990

ACGIH = American Conference of Governmental Industrial Hygienists; EPA = Environmental Protection Agency;
FDA = Food and Drug Administration; IDLH = Immediately Dangercus to Life or Health Level; NIOSH = National
Institute for Occupational Safety and Health; NPDES = National Pollutant Discharge Elimination System;
OERR = Office of Emergency and Remedial Response; OSHA = Occupational Safety and Health Administration;
OSW = Office of Solid Wastes; OWRS = Office of Water Regulations and Standards; PEL = Permissible Exposure
Limit; TLV = Threshold Limit Value; TPQ = Threshold Planning Quantity; TWA = Time-Weighted Average
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Acut e Exposure -- Exposure to a chemical for a duration of 14 days or |less, as
specified in the Toxicol ogical Profiles.

Adsorption Coefficient (K.) -- The ratio of the amount of a chenical adsorbed
per unit weight of organic carbon in the soil or sedinment to the concentration
of the chemcal in solution at equilibrium

Adsorption Ratio (Ky) -- The anount of a chem cal adsorbed by a sedinent or
soil (i.e., the solid phase) divided by the anpbunt of chenical in the solution
phase, which is in equilibriumwth the solid phase, at a fixed solid/solution
ratio. It is generally expressed in mcrograns of chenical sorbed per gram of
soil or sedinent.

Bi oconcentration Factor (BCF) -- The quotient of the concentration of a
chemical in aquatic organisns at a specific tine or during a discrete tine
peri od of exposure divided by the concentration in the surroundi ng water at
the sane tine or during the sane peri od.

Cancer Effect Level (CEL) -- The | owest dose of chemical in a study, or group
of studies, that produces significant increases in the incidence of cancer (or
tunors) between the exposed population and its appropriate control

Carci nogen -- A chemical capabl e of inducing cancer

Ceiling Value -- A concentration of a substance that should not be exceeded,
even instant aneously.

Chroni ¢ Exposure -- Exposure to a chemical for 365 days or nore, as specified
in the Toxicol ogical Profiles.

Devel opnental Toxicity -- The occurrence of adverse effects on the devel opi ng
organismthat may result from exposure to a chemical prior to conception
(either parent), during prenatal devel opnent, or postnatally to the tinme of
sexual maturation. Adverse devel opnental effects nmay be detected at any point
inthe life span of the organism

Enbryotoxicity and Fetotoxicity -- Any toxic effect on the conceptus as a
result of prenatal exposure to a chem cal; the distinguishing feature between
the two terns is the stage of devel opnent during which the insult occurred.
The terms, as used here, include malformations and variations, altered grow h,
and in utero death.

EPA Health Advisory -- An estimate of acceptable drinking water levels for a
chem cal substance based on health effects information. A health advisory is
not a legally enforceable federal standard, but serves as technical guidance to
assist federal, state, and |local officials.
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| mredi ately Dangerous to Life or Health (IDLH) -- The maxi num environnent al
concentration of a contami nant from which one could escape within 30 mn

wi t hout any escape-inpairing synptons or irreversible health effects.

I nternedi ate Exposure -- Exposure to a chemical for a duration of 15-364 days
as specified in the Toxicol ogi cal Profiles.

I mmunol ogi ¢ Toxicity -- The occurrence of adverse effects on the immune system
that may result from exposure to environnental agents such as chemicals.

In Vitro -- Isolated fromthe living organismand artificially maintained, as
in a test tube.

In Vivo -- Cccurring within the Iiving organi sm

Let hal Concentration(g) (LG, -- The |l owest concentration of a chemical in air

whi ch has been reported to have caused death in hunans or aninals.

Let hal Concentration(s) (LGCsyp) -- A calculated concentration of a chemcal in
air to which exposure for a specific length of tinme is expected to cause death
in 50% of a defined experinental aninmal popul ation

Let hal Dose(,j (LD, -- The lowest dose of a chemical introduced by a route
other than inhalation that is expected to have caused death in humans or
ani mal s.

Let hal Dose(s) (LDsg) -- The dose of a chenmical which has been calculated to
cause death in 50% of a defined experinental animal popul ation

Lethal Tine(,) (LT,) -- A calculated period of tine within which a specific
concentration of a chemcal is expected to cause death in 50% of a defined
experimental aninmal popul ation

Lowest - Cbserved- Adver se- Ef fect Level (LOAEL) -- The | owest dose of chemical in
a study or group of studies, that produces statistically or biologically
significant increases in frequency or severity of adverse effects between the
exposed popul ation and its appropriate control

Mal f ormations -- Permanent structural changes that may adversely affect
survival, devel opnent, or function

M nimal Risk Level -- An estimate of daily human exposure to a chemical that is
likely to be without an appreciable risk of deleterious effects
(noncancerous) over a specified duration of exposure.

Mut agen -- A substance that causes mutations. A nmutation is a change in the
genetic material in a body cell. Miutations can lead to birth defects,
nm scarri ages, or cancer.
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Neurotoxicity -- The occurrence of adverse effects on the nervous system
foll owi ng exposure to chemni cal

No- Qbser ved- Adver se- Ef fect Level (NOAEL) -- The dose of chem cal at which there
were no statistically or biologically significant increases in frequency or
severity of adverse effects seen between the exposed population and its
appropriate control. Effects nmay be produced at this dose, but they are not
consi dered to be adverse.

Cct anol -Water Partition Coefficient (Ky) -- The equilibriumratio of the
concentrations of a chemical in n-octanol and water, in dilute solution
Perm ssi bl e Exposure Limt (PEL) -- An allowabl e exposure |evel in workplace
air averaged over an 8-hour shift.

gl* -- The upper-bound estimte of the | ow dose sl ope of the dose-response
curve -as deternmined by the nultistage procedure. The gl* can be used to
cal cul ate an estinmate of carcinogenic potency, the increnental excess cancer

risk per unit of exposure (usually pg/L for water, ng/kg/day for food, and
ug/ nB for air).

Ref erence Dose (RfD) -- An estinate (with uncertainty spanning perhaps an
order of magnitude) of the daily exposure of the human population to a
potential hazard that is likely to be without risk of deleterious effects
during a lifetine. The RFD is operationally derived fromthe NOAEL (from

ani mal and human studi es) by a consistent application of uncertainty factors
that reflect various types of data used to estimate RfDs and an additiona
nodi fying factor, which is based on a professional judgnment of the entire

dat abase on the chemical. The RfDs are not applicable to nonthreshold effects
such as cancer.

Reportable Quantity (RQ -- The quantity of'a hazardous substance that is
consi dered reportabl e under CERCLA. Reportable quantities are: (1) 1 |lb or
greater or (2) for selected substances, an anmpount established by regul ation
ei ther under CERCLA or under Sect. 311 of the Cean Water Act. Quantities are
nmeasured over a 24-hour period.

Reproductive Toxicity -- The occurrence of adverse effects on the reproductive
systemthat may result fromexposure to a chemical. The toxicity may be
directed to the reproductive organs and/or the rel ated endocrine system The
mani festation of such toxicity nay be noted as alterations in sexual behavior
fertility, pregnancy outcones, or nodifications in other functions that are
dependent on the integrity of this system

Short-Term Exposure Limt (STEL) -- The maxi mum concentration to which workers
can be exposed for up to 15 min continually. No nore than four excursions are
al  owed per day, and there nust be at |east 60 min between exposure periods.
The daily TLV-TWA may not be exceeded.
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Target Organ Toxicity -- This termcovers a broad range of adverse effects on
target organs or physiol ogical systems (e.g., renal, cardiovascul ar) extending
fromthose arising through a single limted exposure to those assuned over a
lifetime of exposure to a chem cal

Teratogen -- A chenical that causes structural defects that affect the
devel opnent of an organi sm

Threshold Limt Value (TLV) -- A concentration of a substance to whi ch nost
wor kers can be exposed without adverse effect. The TLV nay be expressed as a
TWA, as a STEL, or as a CL.

Ti me-wei ght ed Average (TWA) -- An all owabl e exposure concentrati on averaged
over a normal 8-hour workday or 40-hour wor kweek.

Toxi c Dose (TDsx) -- A calcul ated dose of a chemical, introduced by a route
other than inhalation, which is expected to cause a specific toxic effect in
50% of a defined experinental animal popul ation

Uncertainty Factor (UF) -- A factor used in operationally deriving the RFD
fromexperinental data. UFs are intended to account for (1) the variation in
sensitivity anmong the nenbers of the human popul ation, (2) the uncertainty in
extrapol ating aninal data to the case of human, (3) the uncertainty in
extrapolating fromdata obtained in a study that is of less than lifetine
exposure, and (4) the uncertainty in using LOAEL data rather than NOAEL data
Usual |y each of these factors is set equal to 10.
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Chapter 1
Publ i c Heal th Statenent

This chapter of the profile is a health effects sumary witten in nontechnica
| anguage. Its intended audience is the general public especially people living
in the vicinity of a hazardous waste site or substance release. If the Public
Heal th Statenent were renpved fromthe rest of the docunent, it would stil
conmuni cate to the lay public essential information about the substance.

The maj or headings in the Public Health Statenent are useful to find specific
topics of concern. The topics are witten in a question and answer format. The
answer to each question includes a sentence that will direct the reader to
chapters in the profile that will provide nore informati on on the given topic.

Chapter 2

Tabl es and Figures for Levels of Significant Exposure (LSE)

Tables (2-1, 2-2, and 2-3) and figures (2-1 and 2-2) are used to summarize
health effects by duration of exposure and endpoint and to illustrate
graphically levels of exposure associated with those effects. Al entries in

t hese tables andfigures represent studies that provide reliable, quantitative
estimates of No- Cbserved- Adverse-Effect Level s (NOAELS), Lowest-Chserved-
Adverse-Effect Levels (LOAELs) for Less Serious and Serious health effects, or
Cancer Effect Levels (CELs). In addition, these tables and figures illustrate
differences in response by species, Mnimal Risk Levels (MRLs) to humans for
noncancer end points, and EPA'S estinated range associated with an upper-bound
i ndividual lifetime cancer risk of 1 in 10,000 to 1 in 10,000,000. The LSE
tabl es and figures can be used for a quick review of the health effects and to
| ocate data for a specific exposure scenario. The LSE tables and figures should
al ways be used in conjunction with the text.

The | egends presented bel ow denponstrate the application of these tables and
figures. A representative exanple of LSE Table 2-1 and Figure 2-1 are shown.
The nunbers in the left colum of the | egends correspond to the nunbers in the
exanpl e table and figure.

LEGEND
See LSE Table 2-1
(1) Route of Exposure One of the first considerations when review ng the

toxicity of a substance using these tables and figures should be the
rel evant and appropriate route of exposure. Wen sufficient data exist,




(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)
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three LSE tables and two LSE figures are presented in the docunment. The
three LSE tables present data on the three principal routes of exposure,
i.e., inhalation, oral, and dernmal (LSE Table 2-1, 2-2, and 2-3,
respectively). LSE figures are limted to the inhalation (LSE Figure 2-
[)Yand oral (LSE Figure 2-2) routes.

Exposure Duration Three exposure periods: acute (14 days or |ess);
internediate (15 to 364 days); and chronic (365 days or nore) are
presented within each route of exposure. In this exanple, an inhalation
study of internediate duration exposure is reported.

Health Effect The nmjor categories of health effects included in
LSE tabl es and figures are death, systenic, inmmunol ogical
neur ol ogi cal , devel opnental, reproductive, and cancer. NOAELs and
LOAELs can be reported in the tables and figures for all effects but
cancer. Systenmic effects are further defined in the "System colum
of the LSE table.

Kev to Figure Each key nunber in the LSE table Iinks study information to
one or nore data points using the sane key nunmber in the corresponding
LSE figure. In this exanple, the study represented by key nunber 18 has
been used to define a NOAEL and a Less Serious LOAEL (al so see the two
"18r" data points in Figure 2-1).

Speci es The test species, whether animal or human, are identified in this
col um.

Exposure Frequencv/Duration The duration of the study and the weekly and
dai ly exposure reginmen are provided in this colum. This permts

conpari son of NOAELs and LOAELs fromdifferent studies. In this case (key
nunber 18), rats were exposed to [substance x] via inhalation for 13
weeks, 5 days per week, for 6 hours per day.

System This colum further defines the systenmc effects. These systens

i nclude: respiratory, cardiovascul ar, gastrointestinal, henatol ogical
nmuscul oskel etal, hepatic, renal, anddernal/ocular. "Qther" refers to any
systemc effect (e.g., a decrease in body weight) not covered in these
systenms. In the exanple of key nunber 18, one system c effect
respiratory) was investigated in this study.

NOAEL A No- Obhserved- Adverse-Effect Level (NQOAEL) is the highest exposure
| evel at which no harnful effects were seen in the organ system studi ed.
Key number 18 reports a NOAEL of 3 ppmfor the respiratory system which

was used to derive an internedi ate exposure, inhalation MRL of 0.00s ppm
(see footnote "c").

LOAEL A Lowest - Observed- Adverse-Ef fect Level (LOAEL) is the | owest
exposure |l evel used in the study that caused a harnful health effect.
LOAELs have been classified into "Less Serious" and "Serious" effects.
These distinctions help readers identify the |evels of exposure at which
adverse health effects first appear and the gradation of effects with

i ncreasi ng dose. A brief description of the specific end point used to
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(11)
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guantify the adverse effect acconpanies the LOAEL. The "Less Serious"
respiratory effect reported in key nunber 18 (hyperplasia) occurred at a
LOAEL of 10 ppm

Ref erence The conmplete reference citation is given in Chapter 8 of the
profile.

CEL A Cancer Effect Level (CEL) is the | owest exposure |evel associ ated
with the onset of carcinogenesis in experinental or epidem ol ogical
studi es. CELs are always considered serious effects. The LSE tables and
figures do not contain NOAELs for cancer, but the text may report doses
whi ch did not cause a measurabl e increase in cancer

Foot not es Expl anati ons of abbreviations or reference notes for data in
the LSE tables are found in the footnotes. Footnote "c" indicates the
NQAEL of 3 ppmin key nunmber 18 was used to derive an MRL of 0.005 ppm

LEGEND

See LSE Figure 2-1

LSE figures graphically illustrate the data presented in the correspondi ng LSE
tabl es. Figures help the reader quickly conmpare health effects according to
exposure |levels for particul ar exposure duration.

(13)

(14)

(15)

(16)

(17)

Exposure Duration The sanme exposure periods appear as in the LSE table.
In this exanple, health effects observed within the internediate and
chroni c exposure periods are illustrated.

Health Effects These are the categories of health effects for which
reliable quantitative data exist. The same health effects appear in the
LSE tabl e.

Level s of Exposure Exposure |levels for each health effect in the LSE
tables are graphically displayed in the LSE figures. Exposure |levels are
reported on the log scale "y" axis. Inhalation exposure is reported in
ng/ M3 or ppm and oral exposure is reported in ng/kg/day.

NOAEL In this exanple, 18r NOAEL is the critical end point for which an
i nternedi ate inhal ati on exposure MRL is based. As you can see fromthe
LSE figure key, the open-circle synbol indicates a NOAEL for the test
species (rat). The key nunber 18 corresponds to the entry in the LSE
tabl e. The dashed descending arrow i ndicates the extrapol ation fromthe
exposure |l evel of 3 ppm(see entry 18 in the Table) to the MRL of 0.005
ppm (see footnote "b" in the LSE table).

CEL Key nunber 38r is one of three studies for which Cancer Effect Levels
(CELs) were derived. The dianond synbol refers to a CEL for the test
species (rat). The nunmber 38 corresponds to the entry in the LSE table.



(18).

(19).
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Esti mat ed Upper - Bound Human Cancer Ri sk Levels This is the range

associ ated with the upper-bound for lifetime cancer risk of 1 in 10,000
to 1 in 10,000,000. These risk levels are derived fromEPA s Human Health
Assessnment Group's upper-bound estimates of the slope of the cancer dose
response curve at |ow dose levels (q,*).

Key to LSE Figure The Key expl ains the abbreviations and synbols used in
the figure.




E *> TABLE 2-1. Levels of Significent Exposure to [Chemical x] - Inhalation
Exposure LOAEL (effect)
Key toa frequency/ NOAEL Less serious Serious
figure Species duration System (ppm) (ppm) ({ppm) Reference

E]—» INTERMEDIATE EXPOSURE
E—» Systemic

E}——> 18 Rat 13 wk Resp 3b 10 Chyperplasia) Nitschke et al.

Sd/wk 1981
6hr/d

CHRONIC EXPOSURE

Cancer

38 Rat 18 lno 20 (CEL, multiple Wong et al. 1982
5d/wk organs)
Thr/d

39 Rat 89-104 wk 10 (CEL, lung tumors, NIP 1982
Sd/wk nasal tumors)
6hr/d

40 " Mouse 79-103 wk 10 (CEL, lung tumors, NTP 1982
5d/wk hemangiosarcomas)
6hr/d

% The number corresponds to entries in Figure 2-1.

@—* b Used to derive an intermediate inhalation Minimal Risk Level (MRL) of 5 x 10'3 ppm; dose adjusted for intermittent exposure
and divided by an uncertainty factor of 100 (10 for extrapolation from animal to humans, 10 for humen variability).

CEL = cancer effect level; d = day(s); hr = hour(s); LOAEL = lowest-observed-adverse-effect level; mo = month(s); NOAEL = no-
observed-adverse-effect level; Resp = respiratory; wk = week(s)
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Chapter 2 (Section 2.4)
Rel evance to Public Health

The Rel evance to Public Health section provides a health effects summary based
on eval uati ons of existing toxicological, epidenological, and toxicokinetic
information. This summary is designed to present interpretive

wei ght - of - evi dence di scussi ons for hunan health end points by addressing the
fol |l owi ng questi ons.

1. What effects are known to occur in hunans?

2. Wat effects observed in animals are likely to be of concern to
hurmans?

3. What exposure conditions are likely to be of concern to humans,
especi al ly around hazardous waste sites?

The section discusses health effects by end point. Hunman data are presented
first, then aninmal data. Both are organi zed by route of exposure (inhalation
oral, and dernmal) and by duration (acute, internediate, and chronic). In vitro
data and data from parenteral routes (intranuscular, intravenous, subcutaneous,
etc.) are also considered in this section. If data are located in the
scientific literature, a table of genotoxicity information is included.

The carcinogenic potential of the profiled substance is qualitatively

eval uat ed, when appropriate, using existing toxicokinetic, genotoxic, and
carci nogeni c data. ATSDR does not currently assess cancer potency or perform
cancer risk assessnments. MRLs for noncancer end points if derived, and the end
points fromwhich they were derived are indicated and discussed in the
appropriate section(s).

Limtations to existing scientific literature that prevent a satisfactory
eval uation of the relevance to public health are identified in the
Identification of Data Needs section

Interpretation of Mniml Ri sk Levels

Where sufficient toxicologic information was avail able, MRLs were derived. MRLs
are specific for route (inhalation or oral) and duration (acute, internediate,
or chronic) of exposure. ldeally, MRLs can be derived fromall six exposure
scenarios (e.g., Inhalation - acute, -internediate, -chronic; Oal - acute,

i nternediate, - chronic). These MRLs are not nmeant to support regul atory
action, but to acquaint health professionals with exposure | evels at which
adverse health effects are not expected to occur in humans. They shoul d help
physicians and public health officials determi ne the safety of a comunity
[iving near a substance em ssion, given the concentration of a contami nant in
air or the estimated daily dose received via food or water. MRLs are based

[ argely on toxicol ogical studies in animals and on reports of hunan

occupati onal exposure.



A-8
APPENDI X A

MRL users should be familiar with the toxicological information on which the
nunmber is based. Section 2.4, "Relevance to Public Health," contains basic

i nf or mat i onknown about the substance. O her sections such as 2.6, "Interactions
with G her Chenicals" and 2.7, "Popul ations that are Unusually Suscepti bl e"
provi de inmportant supplenental information

MRL users should al so understand the MRL derivation nethodol ogy. MRLs are
derived using a nodified version of the risk assessnent nethodol ogy used by the
Envi ronnental Protection Agency (EPA) (Barnes and Dourson, 1988; EPA 1989a) to
derive reference doses (RfDs) for lifetime exposure.

To derive an MRL, ATSDR generally selects the end point which, in its best

j udgenent, represents the nobst sensitive humanhealth effect for a given
exposure route and duration. ATSDR cannot nmake this judgenment or derive an MRL
unless information (quantitative or qualitative) is available for all potentia
effects (e.g., systenic, neurological, and devel opnental). In order to conpare
NOAELs and LOAELs for specific end points, all inhalation exposure |levels are
adjusted for 24hr exposures and all internittent exposures for inhalation and
oral routes of internediate and chronic duration are adjusted for continous
exposure (i.e., 7 days/week). If the information and reliable quantitative data
on the chosen end point are avail able, ATSDR derives an MRL using the nost
sensitive species (when information frommultiple species is available) with

t he hi ghest NOAEL that does not exceed any adverse effect |levels. The NOAEL is
the nost suitable end point for deriving an MRL. Wien a NOAEL i s not avail abl e,
a Less Serious LOAEL can be used to derive an MRL, and an uncertainty factor
(UF) of 10 is enployed. MRLs are not derived from Serious LOAELs. Additiona
uncertainty factors of 10 each are used for human variability to protect

sensi tive subpopul ati ons (people who are nost susceptible to the health effects
caused by the substance) and for interspecies variability (extrapolation from
animals to humans). In deriving an MRL, these individual uncertainty factors
are multiplied together. The product is then divided into the adjusted

i nhal ation concentration or oral dosage selected fromthe study. Uncertainty
factors used in devel opi ng a substance-specific MRL are provided in the
footnotes of the LSE Tabl es.






ACGIH
ADME
ATSDR
BCF
BSC
CDC
CEL
CERCLA

CFR
CLP
cm
CNS
DHEW
DHHS
DOL
ECG
EEG
EPA
EKG
FAO
FEMA
FIFRA

fpm
fr
FR

GC
HPLC
hr
IDLH
IARC
IL0
in
Kd
kg
Koc
Kow

LG
LG,
LCsq

[+
LD,
LOAEL
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ACRONYNMS, ABBREVIATIONS,'AND SYMBOLS

American Conference of Governmental Industrial Hygienists
Absorption, Distribution, Metabolism, and Excretion
Agency for Toxic Substances and Disease Registry
bioconcentration factor

Board of Scientific Counselors

Centers for Disease Control

Cancer Effect Level

Comprehensive Environmental Response, Compensation, and Liability
Act '

Code of Federal Regulations

Contract Laboratory Program

centimeter

central nervous system

Department of Health, Education, and Welfare
Department of Health and Human Services

Department of Labor

electrocardiogram

electroencephalogram

Environmental Protection Agency

see ECG

Food and Agricultural Organization of the United Nations
Federal Emergency Management Agency ’

Federal Insecticide, Fungicide, and Rodenticide Act
first generation

feet per minute

foot

Federal Register

gram

gas chromatography

high performance liquid chromatography

hour

Immediately Dangerous to Life and Health
International Agency for Research on Cancer
International Labor Organization

inch

adsorption ratio

kilogram

octanol-soil partition coefficient

octanol-water partition coefficient

liter

liquid chromatography

lethal concentration low

lethal concentration 50 percent kill

lethal dose low

lethal dose 50 percent kill
lowest-observed-adverse-effect level
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m meter
mg milligram
min minute
mL milliliter
mm millimeters
mmol millimole
mppcf millions of particles per cubic foot
MRL Minimal Risk Level
MS mass spectroscopy
NIEHS National Institute of Environmental Health Sciences
NIOSH National Institute for Occupational Safety and Health

NIOSHTIGC NIOSH’s Computerized Information Retrieval System
nm nanometer

ng nanogram

NHANES National Health and Nutrition Examination Survey
nmol nanomole

NOAEL no-observed-adverse-effect level

NOES National Occupational Exposure Survey
NOHS National Occupational Hazard Survey
NPL National Priorities List

NRC National Research Council

NTIS National Technical Information Service
NTP National Toxicology Program

OSHA Occupational Safety and Health Administration
PEL permissible exposure limit

PE picogram

pmol picomole

PHS Public Health Service

PMR proportional mortality ratio

ppb parts per billion

PpPM parts per million

ppt parts per trillion

REL recommended exposure limit

RfD Reference Dose

RTECS Registry of Toxic Effects of Chemical Substances
sec second

SCE sister chromatid exchange

SIC Standard Industrial Classification
SMR standard mortality ratio

STEL short-term exposure limit

STORE STORAGE and RETRIEVAL

TLV threshold limit value

TSCA Toxic Substances Control Act

TRI Toxic Release Inventory

TWA time-weighted average

U.S. United States

UF uncertainty factor
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0 World Health Organization

greater than

greater than or equal to
equal to

less than

less than or equal to
percent

alpha

beta

delta

gamma

micron

microgram
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PEER REVI EW

A peer review panel was assenbl ed for methyl nercaptan. The panel
consi sted of the followi ng nenbers: Dr. Sharon Johnson, Visiting Scientist,
Depart nent of Biol ogy, Johns Hopkins University; Dr. Derek Hodgson, Chairnan,
Depart ment of Chemistry, University of Womi ng; Dr. Shane Que Hee, Associate
Prof essor, School of Public Health, University of California. These experts
col l ectively have know edge of nethyl nercaptan's physical and chenica
properties, toxicokinetics, key health end points, mechanisnms of action, human
and ani nal exposure, and quantification of risk to humans. All reviewers were
selected in conformty with the conditions for peer review specified in Section
104(i)(13) of the Conprehensive Environnental Response, Conpensation, and
Liability, as anended.

A joint panel of scientists fromthe Agency for Toxic Substances and
Di sease Registry (ATSDR) and the Environnental Protection Agency has revi ened
the peer reviewers' conments and determ ned which comments will be included in
the profile. Alisting of the peer reviewers' conments not incorporated in
the profile, with a brief explanation of the rationale for their exclusion
exists as part of the administrative record for this conpound. A list of
dat abases reviewed and a |ist of unpublished docunents cited are al so included
in the adm nistrative record.

The citation of the peer review panel should not be understood to inply
its approval of the profile's final content. The responsibility for the
content of this profile lies with the ATSDR
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