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5. POTENTI AL FOR HUVAN EXPOSURE
5.1 OVERVI EW

The mmj or source of BDCMin the environnent is formation as a byproduct
during chlorination of water, and many people are exposed to | ow
|l evel s of BDCMin their drinking water. Industrial use of BDCMis
sufficiently limted that exposures to industrial em ssions outside the
wor kpl ace are not expected to be of general concern. BDCM has been
detected in water and soil at some chem cal waste sites, and human
exposure nmay potentially occur in such cases.

BDCMis a volatile chemcal, so nost of the BDCMthat is formed in
water or released by industry tends to evaporate into air. BDCM does
not adsorb strongly to soils or sedinents, nor does it tend to
bi oaccurmul ate in fish or other animals.

In the atnosphere, BDCMis thought to undergo slow destruction
t hrough oxi dative pathways, with a half-1ife of about two to three
nonths. BDCM remaining in soil or water may undergo m crobi al
degradati on. However, these fate processes have not been studied in
detail .

5.2 RELEASES TO THE ENVI RONVENT
5.2.1 Alr

No studies were | ocated regarding industrial release of BDCMinto
air. Because of the |ow volunme of BDCM currently in use, it is expected
that releases fromindustrial activities are probably small

5.2.2 Wat er

The principal source of BDCMin the environment is from
chlorination of water. EPA (1980a) estimated that over 800 kkg (1 kkg =
1 netric ton) are produced annually in this way. It is presuned that
essentially all of this is ultinately released into the environnent,
mai nly through volatilization. This may occur either indoors (e.g.,
whi | e showering, washing, cooking, etc.) or outdoors after discharge of
the water to the surface.
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Class et al. (1986) observed trace levels (<l parts per trillion

(ppt)) of BDCM and ot her brom nated nethanes in seawater and in the air
above the ocean at several locations in the Atlantic. The presence of
BDCM can be attributed to biosynthesis and rel ease of BDCM by macroal gae
(Class et al. 1986; Gschwend et al. 1985). BDCM fromthis source
accounts for less than 1% of the anthropogenic burden of brononethanes
in the atnosphere (Class et al. 1986).

BDCM has been detected in wastewater from a nunber of industrial
di scharges and mnuni ci pal wastewater treatnent facilities, usually at

concentrations between 1 and 100 pug/L (Staples et al. 1985; Perry et al.
1979; Dunovant et al. 1986). These levels of BDCM are simlar to those
found in many chlorinated drinking water supplies (see Section 5.4.2,
bel ow), and probably nost discharges of this sort do not represent a
maj or source of BDCM rel ease to the environnent.

5.2.3 Soi |

No studies were located regarding rel ease of BDCMto soil
5.3 ENVI RONMENTAL FATE
5.3.1 Transport and Partitioning

Because of the relatively high vapor pressure of BDCM (50 nm Hg at
20°C), the principal transport process in the environment is
volatilization (Class et al. 1986; Gschwend et al. 1985). Over 99% of
all BDCMin the environnment is estimated to exist in air (EPA 1980a).

Vol atilization fromsurface waters depends on factors such as
turbul ence and tenperature. The volatilization half-life fromrivers
and streanms has been estimated to range from 33 mnutes to 12 days, with
a typical half-life of 35 hours (Kaczmar et al. 1984). Volatilization
rates fromsurface soils have not been studied in detail, but WIson
et al. (1981) found that about 50% of BDCM applied to a soil columm in
the |l aboratory escaped by vol atilization.

BDCM may be renoved fromair by washout in rainfall (C ass et al
1986), but the average rate of this transport process has not been
estimated. It is expected that BDCM renmoved fromair in this way woul d
be largely returned to air through volatilization
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BDCM i s noderately soluble in water (4,500 ng/L), and significant
transport of BDCM can occur in water, especially in groundwater where
volatilization is restricted. This transport pathway may be inportant
at waste sites or other |ocations where BDCM spills | ead to groundwater
cont am nati on

In soil, the relatively Iow | og octanol-water partition coefficient
(Kow) indicates that adsorption is not likely to be a dom nant factor,
and that BDCM spilled into soil will be relatively nobile and may

mgrate into groundwat er (EPA 1985a; Piet et al. 1981). In support of
this, Wlson et al. (1981) found that BDCM was not significantly
retarded during percolation through a colum of sandy soil.

The noderate solubility and | ow | og Kow i ndi cate that
bi oaccumnul ati on of BDCM by fish or other aquatic species is likely to be
m nor, but no estimate of a bioaccunulation factor in aquatic species
was | ocat ed.

5.3.2 Transformati on and Degradati on
5.3.2.1 A

Pat hways responsi bl e for BDCM destruction in the atnosphere are not
wel | studied, but probably involve oxidative reaction wth hydroxyl
radi cal s or singlet oxygen (EPA 1980a; Mabey et al. 1982). Direct
phot ochem cal deconposition is not likely to be significant (EPA 1980a).
The typical atnospheric lifetinme of BDCM has been estinated to be two to
three nonths (EPA 1980a). This relatively persistent tropospheric halflife
of BDCM suggests that a snmall percentage of the BDCM present in air
will eventually diffuse into the stratosphere where it will be destroyed
by photolysis. In addition, |ong-range global transport is possible.

5.3.2.2 Wat er

Hydrol ysis of BDCMin aqueous nmedia is very slow, with an esti nmated
rate constant at neutral pH of 5.76 x 10° hr'' (Mabey et al. 1982).
This corresponds to a half-life of nore than 1,000 years.

Bi odegradation in agqueous nedia may be significant in sone cases.

For exanpl e, Tabak et al. (1981) reported 35% transformati on after seven

days incubation in a mediuminocul ated with sewage. Repeated culturing

lead to increased |osses, indicating gradual adaptation of the degradative
m cr obes.
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Under aquatic conditions where volatilization cannot occur
bi odegradati on may be the predom nant nechani smfor degradati on of BDCM
Bouwer et al. (1981) and Bouwer and McCarty (1983a) studied the
degradati on of BDCM under aerobic and anaerobic conditions in both
static and continuous flow systens inoculated with m xed net hanogeni c
bacterial cultures from sewage. Degradation was found to be very
[imted under aerobic conditions, but essentially conplete within 2 days
under anaerobic conditions. Slow degradation (50%to 70%in 16 weeks)
occurred in sterile nedia, indicating that a chem cal nmechani sm
(hypot hesi zed to be reductive dehal ogenati on) was operative in addition
to the rapid mcrobial degradation. M crobial degradation was al so
observed under anaerobic conditions in nmedia inoculated with
denitrifying bacteria (Bouwer and McCarty 1983Db).

5.3.2.3 Soi

Bi odegradati on of BDCMin soil has not been studied, but studies in
aqueous nedi a indicate that biodegradati on m ght occur under anaerobic
condi tions (Bouwer et al. 1981; Bouwer and MCarty 1983a, 1983b; Tabak
et al. 1981). This suggests that, in regions of soil where
volatilization is restricted, biodegradation could be a najor renoval
pr ocess.

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

Ambi ent air nonitoring data conpil ed by Brodzi nsky and Singh (1983)
identified BDCM at four of six sites investigated. Concentrations
ranged fromO0.76 to 180 ppt, with a nmean value of 1.1 ppt. BDCM | evel s
fromfour sites nonitored in California were reported to range from 20
to 100 ppt (Shikiya et al. 1984). BDCM was not detected in a survey of
br om ne-cont ai ni ng gasses in the atnosphere at the South Pol e (Rasmussen
and Khalil 1984), although trace levels (1 ppt) were detected in air at
several locations in the Atlantic Ccean (Cass et al. 1986). This was
judged by the authors to be due to rel eases from nmacroal gae.

5.4.2 Wt er
BDCM occurs in water primarily as a by-product of chlorination.

Surveys of BDCM | evels in chlorinated public drinking water systens
across the United States have reveal ed that BDCMis present in nost
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systens at concentrations averaging around 1 to 20 pg/L, but ranging up

to 125 pg/L in some cases (Colenman et al. 1975; EPA 1979; Furlong and
Ditri 1986; Synobns et al. 1975).

The concentration of BDCMin chlorinated water depends on reaction
conditions during the chlorination process. |Inportant paraneters
i nclude tenperature, pH, bronide ion concentration in the source water,
ful vic and hum c substance concentration in the water, and the
chlorination treatnent practices (EPA 1985b). The anount of BDCM tends
to increase as a function of increasing organic content and bronide ion
in the source water (Bellar et al. 1974; ArguellO et al. 1979). Studies
by Brett and Calverly (1979) and ArguellO et al. (1979) indicate that
BDCM | evel s increased by 30 to 100%in water systemdistribution pipes,
presumabl y because formation continues as |ong as a chlorine residual
and organi c precursors renain.

BDCM is also fornmed in chlorinated sw nm ng pools. Beech et al
(1980) neasured THM |l evels in several swinmng pools in Mam, and found

total THM concentrations averaged from 120 to 660 ug/L. In freshwater
pools, nost of the total THM was chloroform w th BDCM | evel s rangi ng

from1l3 to 34 ug/L. In saltwater pools, bronmoformwas the principal THM
present, and BDCM concentrati ons were roughly the same as in freshwater
pool s.

Moni toring studies of groundwater and surface water at chem cal
waste sites indicate that BDCMis a rel atively infrequent contam nant.
BDCM was detected at only 4 of 818 sites on the National Priority List
(NPL) , and at 7% of a number of other sites being investigated under
Superfund (CLPSD 1988). The average concentration of BDCMin

groundwat er at these sites was 30 ug/L. Quantitative data for surface
wat er were not avail abl e.

5.4.3 Soi |

No studies were |ocated on BDCM | evel s in anbient soil. Because of
its volatility, it is likely that BDCM woul d be present only at | ow
levels in nost soils. BDCM was detected in 2% of soil sanples taken
near chem cal waste sites being investigated under Superfund (CLPSD
1988), but quantitative estimates of soil concentration are not
avail abl e.
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5.4. 4 O her Medi a

BDCM i s not a commobn contani nant of food, occurring only in trace
guantities in sone sanples. A market basket study of 39 food itens
detected BDCM in one dairy conposite at 1.2 ppb and in butter at 7 ppb
(Entz et al. 1982). A study of BDCMin food processing water and
processed foods reveal ed no detectable | evels except in ice creamat one
processing plant (0.6 to 2.3 ppt) (Uhler and Di achenko 1987). Soft
dri nks have been found to contain BDCM ( Abdel - Rahman 1982; Entz et al

1982), but usually at concentrations (0.1 to 6 ug/L) bel ow those found
i n rmunicipal water supplies. Cooking foods in water containing BDCM i s
unlikely to lead to contanination, since BDCM would rapidly volatilize
(Kool et al. 1981).

BDCM i s bi osynt hesi zed by marine macroal gae, and has been neasured
in these organisns at 7-22 ng/g dry weight (Gschwend et al. 1985).
Whet her BDCM enters and accumnul ates in the food chain fromthis source
appears to be unlikely, but has not been studied.

5.5 GENERAL POPULATI ON AND OCCUPATI ONAL EXPOSURE

The estimated exposure of the general human popul ation to BDCM from
dri nki ng water, assum ng a nedi an BDCM concentration of 0.014 ng/L and a
water intake for an adult of 2.18 L/day, would be 0.03 ng/day (EPA
1980a). Low | evel s of exposure m ght al so occur by inhalation of BDCM
volatilized fromchlorinated water (e.g., while showering, cooking, or
swi mming), or by dermal contact with such water. Based on a chenica
structure analogy to chloroform an estimted dernal exposure to BDCMin
a child swiming two hours/day in a saline pool would typically be
0.003 ng/day, with a maxi nrum of 0.04 ng/day (Beech 1980). Hi gher
exposure levels mght occur through ingestion of water contaminated with
BDCM near a waste site, but avail able data suggest that this is not a
conmon occurrence.

No studies were |ocated on human exposure |evels in the workpl ace.
5.6 POPULATI ONS W TH POTENTI ALLY HI GH EXPOSURES

The environmental nmediumnost |ikely to be contam nated wi th BDCM
is chlorinated water, so any person with above-average contact with such
wat er coul d have above-average exposures. This includes individual s-who
drink very large quantities of water, such as diabetics, workers in hot
climtes, and so on. It may al so include persons with sw nmm ng pools or
saunas, where exposure could occur by inhalation (especially if the pool
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or sauna is indoors) or by dermal contact. Since BDCM | evel s depend on
the organic content of the source water before chlorination, persons
whose water source is high in organics are likely to have finished water
wi t h hi gher-than-average BDCM | evel s.

Peopl e working in chem cal plants or |aboratories where BDCMi s
made or used would al so have potentially high exposures to the chem cal
nmost likely by inhalation exposure. Persons living near waste sites nay
have potentially high exposure to BDCM but this can only be eval uated
on a case-by-case basis.

5.7 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, 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 BDCMis avail able. Where adequate infornmation is not
avai |l abl e, ATSDR, in cooperation with the National Toxicol ogy Program
(NTP), is required to assure the initiation of a program of research
designed to determ ne these health effects (and techni ques for
devel opi ng nmethods to deternine such health effects). The foll ow ng
di scussion highlights the availability, or absence, of exposure and
toxicity informati on applicable to human health assessment. A statenent
of the relevance of identified data needs is also included. In a
separate effort, ATSDR, in collaboration with NTP and EPA, will
prioritize data needs across chem cal s that have been profil ed.

5 7.1 Dat a Needs

Physi cal and Chemi cal Properties. The physical and chem cal
properties of BDCM have been determ ned (see Table 3-2), and further
studi es on these paraneters do not appear to be essential.

Environnmental Fate. There are very few quantitative data on the
environnmental fate and transport of BDCM and nost eval uations are
based, entirely or in part, on extrapol ations from studi es of other
simlar conpounds such as chloroform Consequently, studies to obtain
reliable quantitative rate values for the key fate processes of BDCM
woul d be val uable. O particular inportance would be studies on the
vol atilization of BDCM from chl orinated drinking water, and on the
at nospheric reactions of BDCM Studies of chem cal and bi ol ogi cal
transformati on and degradation rates in soil and water under conditions
conparable to those around waste sites would al so be hel pful
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Exposure Levels in Environnmental Media. Data are avail abl e on BDCM
l evel s in drinking water and on how t hese | evel s depend on water organic
content and treatnent conditions. Neverthel ess, continued nonitoring
will be valuable in revealing whether changes in drinking water
treatnent and di sinfection procedures are effective in reducing | evels
of BDCM and ot her contam nants.

Studies of BDCM | evels in air (especially indoor air) in the

vicinity of open bodies of chlorinated water woul d al so be hel pful.

This would include water treatnent plants, sw nmm ng pools, and perhaps
even honme bat htubs or showers. In view of the ready volatilization of
BDCM from wat er, airborne |levels in such |ocations mght be significant.

Further nonitoring of groundwater, soil and anmbient air in the
vicinity of chenmical waste sites is al so needed to determ ne whet her
em ssions of BDCM from such sites adds significantly to total BDCM
exposure.

Exposure Levels in Humans. Current data on BDCM levels in air are
not adequate to estimate inhal ation exposure in anbient air or the
wor kpl ace. Col |l ection of such information would be hel pful in
evaluating the relative contribution of this exposure pathway to the
total intake of BDCM Simlar data would be useful for airborne |evels
of BDCM around swi nming pools (especially indoor pools). Data on the
presence of BDCMin drinking water appears to be adequate for estimating
exposure from consunption of water imediately after taking it fromthe
tap. However, it would be hel pful to know how rapidly the BDCM woul d
volatilize froma glass of water or froma bathtub full of water, and
what concentration would then be in the breathing zone of occupants of
t he house.

Exposure Registries. No registry exists for humans known to have
been exposed to BDCM Al t hough exposure to BDCM t hrough dri nki ng water
is common, a registry of humans exposed in this way is not likely to
help identify BDCMrel at ed di seases in hunans, since exposure to BDCMin
water are usually low and typically invol ve exposure to other
tri hal onet hanes and nany ot her byproducts of disinfection as well. A
registry of individuals exposed to BDCM duri ng manufacture or use of
this chem cal mght be helpful in identifying possible health effects in
humans, al though the size of the exposed population is believed to be
smal | .
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5.7.2 On-goi ng Studi es

No i nformation was | ocated on any on-goi ng studies on the potenti al
for human exposure to BDCM

As part of the Third National Health and Nutrition Eval uation
Survey (NHANES I11), the Environmental Health Laboratory Sciences
Division of the Center for Environmental Health and Injury Control,
Centers for Disease Control, will be anal yzing human bl ood sanples for
BDCM and ot her vol atile organi c conpounds. These data will give an
i ndi cati on of the frequency of occurrence and background | evel s of these
conpounds in the general popul ation



	5. POTENTIAL FOR HUMAN EXPOSURE
	5.1 OVERVIEW
	5.2 RELEASES TO THE ENVIRONMENT
	5.2.1 Air
	5.2.2 Water
	5.2.3 Soil

	5.3 ENVIRONMENTAL FATE
	5.3.1 Transport and Partitioning
	5.3.2 Transformation and Degradation
	5.3.2.1 Air
	5.3.2.2 Water
	5.3.2.3 Soil


	5.4 LEVELS MONITORED OR ESTIMATED IN THE ENVIRONMENT
	5.4.1 Air
	5.4.2 Water
	5.4.3 Soil
	5.4.4 Other Media

	5.5 GENERAL POPULATION AND OCCUPATIONAL EXPOSURE
	5.6 POPULATIONS WITH POTENTIALLY HIGH EXPOSURES
	5.7 ADEQUACY OF THE DATABASE
	5.7.1 Data Needs
	5.7.2 Ongoing Studies





