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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.





