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



13
2. HEALTH EFFECTS

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).
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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.





