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FOREWORD

The Superfund Anmendnents and Reaut hori zation Act of 1986 (Public
Law 99-499) extended and anended the Conprehensive Environnmental Response,
Compensation, and Liability Act of 1980 (CERCLA or Superfund). This public
l aw (al so known as SARA) directed the Agency for Toxic Substances and D sease
Regi stry (ATSDR) to prepare toxicological profiles for hazardous substances
whi ch are nost commonly found at facilities on the CERCLA National Priorities
Li st and which pose the nost significant potential threat to human health, as
determ ned by ATSDR and the Environnental Protection Agency (EPA). The lists
of the nost significant hazardous substances were published in the Federal
Regi ster on April 17, 1987, and on Cctober 20, 1988.

Section 110 (3) of SARA directs the Adm nistrator of ATSDR to prepare a
toxi col ogical profile for each substance on the list. Each profile nust
i nclude the follow ng content:

(A) An examination, summary and interpretation of avail able

t oxi col ogi cal information and epi deni ol ogi cal eval uati ons on the
hazardous substance in order to ascertain the |evels of significant
human exposure for the substance and the associ ated acute, subacute,
and chronic health effects,

(B) A determ nation of whether adequate information on the health
effects of each substance is available or in the process of

devel opnent to determ ne |evels of exposure which present a
significant risk to human health of acute, subacute, or chronic
heal th effects, and

(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
devel oped by ATSDR and EPA. The origi nal guidelines were published in the
Federal Reqgister on April 17, 1987. Each profile will be revised and
republ i shed as necessary, but no less often than every 3 years, as required
by SARA.

The ATSDR toxicological profile is intended to characterize succinctly
t he toxicol ogical and health effects information for the hazardous substance
bei ng descri bed. Each profile identifies and reviews the key literature that
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describes a hazardous substance's toxicological properties. Other literature
is 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.

Each toxicological profile begins with a public health statement, which
describes in nontechnical language a substance's relevant toxicological
properties. Following the statement is material that presents 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 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 front 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. We plan to revise
these documents as additional data become available.

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, EPA, the Centers for Disease Control, and the National
Toxicology Program. It has also been reviewed by a panel of nongovernment
peer reviewers and was made available for public review. Final responsibility
for the contents and views expressed in this toxicological profile resides
with ATSDR.

Walter R. Dowdle, Ph.D.

Acting Administrdtor

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

1.1 WHAT | S BROMODI CHLOROVETHANE?

Br onodi chl or onet hane (BDCM is a col orl ess, heavy, nonburnabl e
liquid. BDCM does not usually exist as a liquid in the environment.
Rather, it usually is found evaporated in air or dissolved in water.

Most BDCM in the environment is forned as a by-product when
chlorine is added to drinking water to kill di sease-causing organi sns.
Smal | amounts of BDCM are al so nade in chemical plants for use in
| aboratories or in naking other chemicals. A very snall anount (Il ess
than 1% of the ampbunt coming from human activities) is forned by al gae
in the ocean.

BDCM evaporates quite easily, so nost BDCMthat escapes into the
environment fromchem cal facilities, waste sites, or drinking water
enters the atnosphere as a gas. BDCMis slowy broken down (about 90%
in a year) by chenmical reactions in the air. Any BDCM that renains in
water or soil may al so be broken down slowy by bacteria.

Further information on the properties and uses of BDCM and how it
behaves in the environnment, may be found in Chapters 3, 4, and 5.

1.2 HOW M GHT | BE EXPOSED TO BROMODI CHLOROVETHANE?

For nost people, the nost |ikely nmeans of exposure to BDCMis by
drinking chlorinated water. Usually the levels in drinking water are
between 1 and 10 ppb (parts per billion). BDCMis also found in some
f oods and beverages such as ice creamor soft-drinks that are nade using
chlorinated water, but this is probably not a najor source of exposure.
BDCM has been found in chlorinated sw nm ng pools, where exposure m ght
occur by breathing the vapors or through the skin. Exposure to BDCM
m ght al so occur by breathing BDCMin the air in or near a |aboratory or
factory that made or used BDCM However, BDCMis not w dely used in
this country, so this is not likely for nost people. Average |evels of
BDCMin air are usually quite low (less than 0.2 ppb). Another place
wher e human exposure m ght occur is near a waste site where BDCM has
been allowed to leak into water or soil. In this situation, people
coul d be exposed by drinking the water or by getting the soil on their
skin. BDCM has been found in water and soil at some waste sites (about
1% to 10% of those tested), usually at levels of 1 to 50 ppb. Further
i nformati on on how people might be exposed to BDCMis given in
Chapter 5.
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1. PUBLI C HEALTH STATEMENT

1.3 HOW CAN BROMODI CHLOROVETHANE ENTER AND LEAVE My BODY?

Studies in animls show that alnbst all BDCM swal | owed in water or
food will enter the body by noving fromthe stomach or intestines into
the blood. It is likely that BDCM woul d al so nove fromthe lungs into
the blood if it were breathed in and would cross the skin if skin
contact occurred, but this has not been studi ed. Bronpdi chl or onet hane
| eaves the body nostly by being breathed out through the lungs. Smaller
anounts leave in the urine and feces. BDCMrenoval is fairly rapid and
conpl ete (about 95%in 8 hours), so it does not usually build up in the
body. Further informati on on how BDCM enters and | eaves the body is
given in Chapter 2.

1.4 HOW CAN BROMODI CHLOROMETHANE AFFECT MY HEALTH?

The effects of BDCM depend on how nmuch is taken into the body. In
animals, the main effect of eating or drinking |large anounts of BDCMi s
injury to the liver and kidneys, These effects can occur within a short
time after exposure. High levels can al so cause effects on the brain,
| eadi ng to incoordination and sl eepiness. There is sone evidence that
BDCM can be toxic to devel oping fetuses, but this has not been well-studied.
Studies in animals show that intake of BDCM for several years in food or
water can lead to cancer of the liver, kidney and intestines. Although
effects of BDCM have not been reported in humans, effects would probably
occur if enough BDCM were taken into the body. Further information on how
BDCM can affect the health of humans and animals is presented in Chapter 2.

1.5 1S THERE A MEDI CAL TEST TO DETERM NE I F | HAVE BEEN EXPOSED
TO BROMODI CHLOROMETHANE?

Met hods are available to neasure low |l evels of BDCM in human bl ood
breath, urine and fat, but not enough information is available to use
such tests to predict if any health effects m ght result. Because
speci al equi pnent is needed, these tests are not usually done in
doctors' offices. Because BDCM | eaves the body fairly quickly, these
nmet hods are best suited to detecting recent exposures. Further
i nformati on on how BDCM can be neasured in exposed humans is presented
in Chapter 6.
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1.6 WHAT LEVELS OF EXPOSURE HAVE RESULTED | N HARMFUL HEALTH EFFECTS?

Tables | -1 through |I-4 show the rel ationship between exposure to
BDCM and known health effects. Mninmal Ri sk Levels (MRLs) are al so
included in Table 1-3. These MRLs were derived fromaninal data for
both short-term and | onger-term exposure, as described in Chapter 2 and
in Table 2-1. These MRLs provide a basis for conparison with |evels
that people m ght encounter either in food or drinking water. If a
person is exposed to BDCM at an anount below the MRL, it is not expected
t hat harnful noncancer health effects will occur. Because these |evels
are based only on information currently avail able, some uncertainty is
al ways associated wth them Al so, because the nethod for deriving MLs
does not use any information about cancer, a MRL does not inply anything
about the presence, absence or level of risk of cancer. Further
informati on on the |l evels of BDCM that have been observed to cause
health effects in aninmals is presented in Chapter 2.

1.7 WHAT RECOVMENDATI ONS HAS THE FEDERAL GOVERNMENT MADE TO PROTECT HUMAN
HEALTH?

The U.S. Environmental Protection Agency (EPA) has set a Maxi mum
Cont am nant Level in drinking water of 0.10 ppm (parts per nillion) for
t he conbi nati on of BDCM and a group of sinilar conpounds
(trihal onet hanes). Mst water sanples in the U S. have BDCM | evel s
lower than this. The Food and Drug Adm nistration (FDA) has set the
sane |limt for bottled water, but no tolerance |limts have been set for
BDCM i n food. Because it has such |imted use in industry, there is no
Cccupational Safety and Health Administration standard for BDCM
Further information on regul ati ons concerning BDCMis presented in
Chapter 7.

1.8 WHERE CAN | GET MORE | NFORVATI ON?

If you have further questions or concerns, please contact your
State Health or Environnmental Departnent or:

Agency for Toxic Substances and Di sease Registry
Di vi si on of Toxi col ogy
1600 difton Road, E-29
Atl anta, Georgia 30333
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1. PUBLIC HEALTH STATEMENT

TABLE 1-1. Human Health Effects from Breathing BDCM"

Short-term Exposure
(less than or equal to 14 days)

Levels in Length of :
Air (ppm) Exposure Description of Effects

The health effects resulting from
short-term human exposure to air
containing specific levels of
BDCM are not known.

Long-term Exposure
(greater than 14 days)

Levels in Length of
Alr (ppm) Exposure es ion of Effects

The health effects resulting from
long-term human exposure to air
containing specific levels of
BDCM are not known.

* See Section 1.2 for a discussion of gxposures encountered in daily
life.
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1. PUBLIC HEALTH STATEMENT

TABLE 1-2. Animal Health Effects from Breathing BDCM
Short-term Exposure
(less than or equal to 14 days)
Levels in Length of
Air (ppm) Exposure Description of Effects
The health effects resulting from
short-term animal exposure to
air containing specific levels
of BDCM are not known.
Long-term Exposure
(greater than 14 days)
Levels in Length of
Air (ppm) Exposure Description of Effects

The health effects resulting from
long-term animal exposure to
air containing specific levels
of BDCM are not known.
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1. PUBLIC HEALTH STATEMENT

TABLE 1-3. Human Health Effects from Eating or Drinking BDCM"
Short-term Exposure
(less than or equal to 14 days)
Levels in Length of
Food_ (ppm) Exposure Description of Effects
1.3 Estimated Minimal Risk Level
(based on studies in animals;
see Section 1.6 for discussion)
Levels in
Water m
The health effects resulting from
- short-term human exposure to
water containing specific
levels of BDCM are not known.
Long-term Exposure
(greater than 14 days)
Levels in Length of
Food (ppm) Exposure Desc on o ffects
0.6 Estimated Minimal Risk Level
(based on studies in animals;
see Section 1.6 for discussion)
Levels in
Vater (ppm)

The health effects resulting from
long-term human exposure to
water containing specific
levels of BDCM are not known.

* See Section 1.2 for a discussion of exposures encountered in daily

life.
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TABLE 1-4. Animal Health Effects from Eating or Drinking BDCM
Short-term Exposure
(less than or equal to 14 days)
Levels in Length of
Food (ppm) Exposure Description of Effects
280 14 days Liver injury in mice.
570 14 days Kidney injury in mice.
-1,000 10 days Impaired fetal development in rats.
1,200 14 days Death. 'in mice.
Levels in
Water m :

. The health effects resulting from
short-term animal exposure to
water containing specific
levels of BDCM are not known.

Long-term Exposure
(greater than 14 days)
Levels in Length of .
Food (ppm) Exposure Description of Effects
190 2 years Kidney injury in mice.
380 2 years Liver injury in mice.
Levels in
Water m

The health effects resulting from
long-term animal exposure to
water containing specific
levels of BDCM are not known.,

* These effects are listed at the lowest level at which they were first
observed. They may also be seen at higher levels.







2. HEALTH EFFECTS
2.1 | NTRODUCTI ON

Thi s chapter contains descriptions and eval uati ons of studies and
interpretation of data on the health effects associated with exposure to
BDCM Its purpose is to present |evels of significant exposure for BDCM
based on toxicol ogi cal studies, epidemological investigations, and
envi ronment al exposure data. This information is presented to provide
public health officials, physicians, toxicologists, and other interested
i ndividuals and groups with (1) an overall perspective of the toxicol ogy
of BDCM and (2) a depiction of significant exposure | evel s associ ated
with various adverse health effects.

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 data in this section
are organi zed first by route of exposure--inhalation, oral, and dernal--
and then by health effect--death, system c, inmunol ogical, neurological,
devel opnental , reproductive, genotoxic, and carcinogenic effects. These
data are discussed in terns of three exposure periods--acute,

i nternmedi ate, and chronic.

Level s of significant exposure for each exposure route and duration
(for which data exist) are presented in tables and illustrated in
figures. The points in the figures show ng no-observed-adverse-effect
| evel s (NOAELS) or | owest-observed-adverse-effect |evels (LOAELS)
reflect the actual doses (levels of exposure) used in the studies.
LOAELs have been classified into "less serious” or "serious" effects.
These distinctions are intended to help the users of the docunent
identify the |levels of exposure at which adverse health effects start to
appear, determne whether or not the intensity of the effects varies
wi th 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 on the tables and
graphs may differ depending on the user's perspective. For exanple,
physi ci ans concerned with the interpretation of clinical findings in
exposed persons or with the identification of persons with the potenti al
to devel op such di sease nay be interested in |evels of exposure
associated with "serious" effects. Public health officials and project
managers concerned with response actions at Superfund sites may want
information on | evels of exposure associated with nore subtle effects in
humans or animals (LOAEL) or exposure |evels bel ow which no adverse



10
2. HEALTH EFFECTS

ef fects (NOAEL) have been observed. Estimates of |evels posing nmninma
risk to humans (mnimal risk levels, MRLs) are of interest to health
professionals and citizens alike;

For certain chenicals, |levels of exposure associated with
carcinogenic effects may be indicated in the figures. These |levels
reflect the actual doses associated with the tunor incidences reported
in the studies cited. Because cancer effects could occur at | ower
exposure levels, the figures al so show esti mated excess risks, ranging
froma risk of one in 10,000 to one in 10,000,000 (10* to 10'), as
devel oped by EPA.

Esti mates of exposure levels posing minimal risk to humans (MRLS)
have been nmade, where data were believed reliable, for the nost
sensitive noncancer end point for each exposure duration. MRLs include
adjustnments to reflect hunman variability and, where appropriate, the
uncertainty of extrapolating fromlaboratory animl data to humans.

Al t hough net hods have been established to derive these | evels (Barnes
et al. 1987; EPA 1980d), uncertainties are associated with the

t echni ques.

2. 2. 11 nhal ati on Exposure

No studies were located regarding the following health effects in
humans or experinental animals follow ng inhalation exposure to BDCM

.2.1.1 Deat h
. 2. System c Effects

I mmunol ogi cal Effects
Neur ol ogi cal Effects
Devel opnental Effects

Reproductive Effects

Genotoxi ¢ Effects

N NNNNNNN

N NN
L e

0o N o o B~ w DN

Cancer
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2.2.20Oral Exposure

No studies were |ocated regarding health effects in humans
associated with ingestion of BDCM Figure 2-1 and Table 2-1 sumari ze
the health effects observed in experinmental animals follow ng oral
exposure to BDCM These effects are di scussed bel ow.

2.2.2.1 Deat h

Most estimates of acute oral LD, values for BDCMin rodents range
bet ween 400 and 1000 ngy/ kg (A da et al . 1987; Chu et al. 1980; Bowran
at al. 1978). Typical pathological changes observed in acutely poi soned
animals include fatty infiltration of liver and henorrhagic lesions in
ki dney, adrenals, lung and brain (Bowran et al. 1978). In a 14-day
repeat ed-dose study in nice, all aninmals dosed with 150 ng/ kg/ day di ed
(NTP 1987). This dose has been converted to an equival ent concentration
of 1,200 ppmin food for presentation in Table |-4. Ml es appear to be
slightly nore susceptible to the Iethal effects of BDCM than fenal es,
both in rats (Aida et al. 1987; Chu et al. 1980, 1982a; NTP 1987), and
in mce (Bowran et al. 1978; NTP 1987).

The hi ghest NOAEL val ues and all reliable LOAEL val ues for death in
each species and duration category are recorded in Table 2-1 and plotted
in Figure 2-1.

2.2.2.2 System c Effects

No studies were located regarding effects on the respiratory,
cardi ovascul ar, gastrointestinal, nuscul oskeletal, or dermal systens in
humans or aninmals foll ow ng oral exposure to BDCM

Hemat ol ogi cal Effects. Henogl obin and henatocrit were
significantly reduced in nmale rats follow ng a single dose of 390 nog/ kg
of BDCM (Chu et al. 1982a). The basis of this effect was not
i nvestigated. Exposure in drinking water for 90 days to a dose of
213 ng/ kg/ day caused no effect on |ynphocyte levels in either males or
females (Chu et al. 1982b). A slight reduction in | ynphocyte count was
noted in femal es 90 days after exposure ceased, which the authors felt
m ght be related to endogenous rel ease of steroids. Rats fed BDCMin
their diets at intake |evels of 130 ng/kg/day for 24 nonths exhibited no
henmat ol ogi cal changes conpared to controls (Tobe et al. 1982).
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TABLE 2-1. Levels of Significant Exposure to BDCM - Oral
Exposure
Graph Duration/ Syst. LOAEL (Effect)
Key Specles Fgoquency Effect NOAEL Less Serious Serious Reference
(Route) (® mg/kg/day mg/kg/day  mg/kg/day
ACUTE EXPOSURE
Death
1 rat (G) 1 dose 430 LD50M Aida et al. 1987
510 LD50OF
2 Tat (G) 1 dose 390 916 LD50M Chu et al. 1980
969 LDSOF
3 mouse (G) 14 d 75 150 100X died NTP 1987
4 mouse (G) 1 dose 300 600 NTP 1987
5 mouse (G) 1 dose 450 LD50M Bowman et al.
900 LD5OF 1978
Systemic
6 rat (G) 10d Bepatic 50 liver wt. Ruddick et al.
1983
7 rat (G) 14 4 Renal 600 reddened NTP 1987
medullae
8 rat (G) 1 dose Hepatic 300 1250 pale color NTP 1987
9 rat (G) 1 dose Renal 390 Chu et al. 1982a
10 rat (G) 1 dose Hemato 390 decreased Chu et al. 1982a
hematocrit
11 rat (G) 1 dose Hepatic 396 495 GPT 990 GPT Hewitt et al.
1983
12 mouse (G) 14 d Renal 75 150 reddened NTP 1987
medullae
13 mouse (G) 1la d Renal 250 BUN Munson et al.
1982
14 mouse (G) 14 d Hepatic 125 fibrinogen Munson et al.
1982
15 mouse (G) 14 d Hepatic 37(b) microscopic Condie et al.
lesions 1983
16 mouse (G) 1la d Renal 74 PAR 148 microscopic Condie et al.

inhib.

lesions

1983
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TABLE 2-1, - continued

Exposure
Graph Duration/  Syst. LOAEL (Effect)
Key Species Fgequency Effect NOAEL Less Serious Serious Reference
(Route) (* mg/kg/day mg/kg/day  mg/kg/day
17 mouse (G) 14 d Hepatic 125 liver wt. Munson et al.
inc. 1982
18 mouse (G) 14 d Renal 300 NTP 1987
Neurological
19 TAL (G) 1 dose 1500 ataxia Chu et al. 1980
20 rat (G) 14 d 600 hyperactive NTP 1987
21 mouse (G) 1 dose 273 coordination Balster and
Borzelleca 1982
22 mouse (G) 1 dose 600 lethargy NTP 1987
23 mouse (G) 14 4 11.6 Balster and
Borzelleca 1982
Developmental
24 rat (G) 10 4d 50 fetotox. Ruddick et al. -
d. 6-10 1983
of gest.
INTERMEDIATE EXPOSURE
Death
25 rat (W) 284d 120 Chu et al. 1982a
26 mouse (G) 13 wk 100 NTP 1987
5d/wk
Systemic
27 rat (W) 28 d Renal 120 Chu et al. 1982a
28 rat (W) 904 Hepatic 7 lesions Chu et al. 1982b
29 rat (W) 284d Hepatic 120 Chu et al. 1982a
30 rat (G) 13 wk Hepatic 150 300 lesions NTP 1987
: 5d/wk
31 rat (W) 284d Hemato 120 Chu et al. 1982a
32 rat (W) 904 Hemato 213 Chu et al. 1982b
33 rat (G) 13 wk Renal 150 300 lesions NTP 1987

5d/wk
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2. HEALTH EFFECTS
TABLE 2-1. - continued
Exposure
Graph Duration/ Syst. LOAEL (Effect)
Key Species Frequency Effect NOAEL Less Serious Serious Reference
(Route) (8 mg/kg/day mg/kg/day  mg/kg/day
34 mouse (G) 13 wk Hepatic 100 200 lesions NTP 1987
5d/wk
35 mouse (G) 13 wk Hepatic 100 NTP 1987
5d/wk
36 mouse (G) 13 wk Renal 50 100 focal NTP 1987
5d/wk necrosis
CHRONIC EXPOSURE
Neurological
37 mouse (G) 304d 100 Balster and
Borzelleca 1982
38 mouse (G 90 4d 11.6 Balster and
Borzelleca 1982
39 mouse (G) 60 d 100 operant Balster and
behavior Borzelleca 1982
Death
40 Tat (G) 104 wk 100 NTP 1987
5d/wk
41 mouse (G) 104 wk 50 NTP 1987
S5d/wk
Systemic
42 Tat (G) 104 wk Hepatic 50 fatty degen. 100 lesions NTP 1987
S5d/wk
43 rat (F) 24 mo Renal 220 Tobe et al. 1982
LY} rat (F) 24 mo Hemato 220 Tobe et al. 1982
45 rat (G) 104 wk Renal 50 cytomegaly NTP 1987
5d/wk
46 rat (F) 24 mo Hepatic 41 220 GPT Tobe et al. 1982
47 mouse  (G) 104 wk Renal 25(¢) cytomegaly NTP 1987
5d/wk
48 mouse (G) 104 wk Renal 150 NTP 1987
5d/wk
49 mouse (G) 104 wk Hepatic 50 fatty degn. NTP 1987

5d/wk
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TABLE 2-1. - continued

Exposure
Graph Duration/ Syst. LOAEL (Effect)
Key Species Frequency Effect NOAEL Less Serious Serious Reference
(Route) (3) mg/kg/day mg/kg/day  mg/kg/day

Cancer

50 rat (W) 180 wk 150 CEL (liver Tumasonis et al.
7d/vwk tumors) 1985

51 rat (G) 104 wk 50 CEL NTP 1987
5d/wk (intestinal

"carcinoma)

52 mouse (G) 104 wk 50 CEL (renal NTP 1987
5d/wk carcinoma)

53 . mouse (G) 104 wk 75 CEL (liver NTP 1987

5d/wk tumors)

(2)g Gavage; W = Drinking Water, F = Feed.
(b)Used to derive acute oral MRL: dose divided by an uncertainty factor of 1,000 (10 for use
of a LOAEL, 10 for extrapolation from animals to humans, and 10 for human variability).
(¢)ysed to derive chronic oral MRL: dose adjusted for intermittent exposure and divided
by uncertainty factor of 1,000 (10 for use of a LOAEL, 10 for extrapolation from animals
to humans, and 10 for human variability), resulting in an MRL of 0.018 mg/kg/day. This MRL has
been converted to an equivalent concentration in food (0.6 ppm) for presentation in Table 1-3.

LOAEL = lowest-observed-adverse-effect level; NOAEL = no-observed-adverse-effect level; mg/kg/day =
milligram/kilogram/day; (G) = gavage; LD50 = lethal dose, 50X mortality; d = day; wt. = weight; hemato =
hematological; GPT = glutamate-pyruvate transaminase; BUN = blood urea nitrogen: PAH = para-amino hippuric
acid; inhib. = inhibition; inc. = increased; fetotox = fetotoxicity; gest = gestation; (W) = drinking
water; wk = week; degen = degeneration; (F) = food; mo = month; CEL = cancer effect level.
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Hepatic Effects. A nunber of studies in animals indicate that the
liver is susceptible to injury by BDCM Typical signs include increased
liver weight, pale discoloration, increased |levels of hepatic tissue
enzymes in serum decreased |evels of secreted hepatic proteins
(fibrinogen) in blood, and focal areas of inflammation or degeneration.
In acute (single dose) studies, these effects have been noted at doses
of around 1, 250 ng/ kg or higher (NTP 1987). It should be noted that
this dose | evel causes death within two weeks (NTP 1987).

In subchronic studies (10 to 14 days) in mice and rats, mld
effects on liver have been noted at doses as |ow as 37 ng/kg/day (Condie
et al. 1983) and 50 ng/kg/day (Ruddick et al. 1983). Effects included
slightly increased |iver weights (Ruddick et al. 1983) and m croscopic
changes that were rated as "mnimal" (Condie et al. 1983). The effects
become nore pronounced at doses of 125 to 300 ny/ kg/day (Condie et al
1983; Munson et al. 1982). The dose of 37 ny/kg/day has been converted
to an equival ent concentration of 280 ppmin food for presentation in
Tabl e 1-4.

Al t hough hepatic effects at doses of 40 to 50 ng/kg/day are
mnimal, it appears that this is the approximte threshold for the
appearance of nore marked effects at hi gher doses, so the dose of
37 ny/ kg/day (Condie et al. 1983) has been used to derive the acute MRL
for BDCM Based on this value, an acute oral MRL of 0.037 ny/kg/day was
cal cul ated, as described in the footnote in Table 2-1. This MRL has
been converted to an equival ent concentration in food (1.3 ppnm for
presentation in Table 1-3.

Most | onger-term studi es report signs of liver injury in rats or
m ce at doses of 50 to 200 ny/kg/day (Dunnick et al. 1987; NTP 1987;
Tobe et al. 1982). These doses are not significantly different from
t hose observed to cause hepatic injury in acute and short-term studies,
suggesting that there is a relatively |ow tendency toward cunul ati ve
injury to liver.

An exception is the study of Chu et al. (1982b), where
statistically significant effects on liver were noted in rats exposed to
doses as low as 7 ng/kg/day for 90 days. However, these effects were
m ni mal (the authors assigned a severity score of 2 on a scale of 1to
10) and showed essentially no dose-response tendency. Because this
observation is of uncertain significance and is inconsistent w th NOAEL
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estimates fromother internediate and chronic studies, it has not been
sel ected for calculation of a longer-term MRL. The chronic dose | evel
of 50 ng/ kg/ day (NTP 1987) has been converted to an equival ent
concentration of 380 ppmin food for presentation in Table I|-4.

The hi ghest NOAEL values and all reliable LOAEL val ues for hepatic
injury in each species and duration category are recorded in Table 2-1|
and plotted in Figure 2-1.

Renal Effects. Studies in animals reveal that the kidney is also
susceptible to injury by BDCM typically at dose levels sinilar to those
that effect the liver. For exanple, in 14-day studies, Minson et al.
(1982) observed increases in blood urea nitrogen (BUN) in m ce dosed
with 250 ng/ kg/ day, and Condie et al. (1983) reported decreased uptake
of p-am nohi ppurate (PAH) into kidney slices frommce dosed with 74 to
148 ny/ kg/day. Sinmilarly, Ruddick et al. (1983)observed increased
renal weight in rats dosed with 200 ng/ kg/day for 10 days. The dose of
74 ny/ kg/ day has been converted to an equi val ent concentrati on of
570 ppmin food for presentation in Table |-4.

In longer-termstudi es, areas of focal necrosis were observed in
the proxi mal tubular epitheliumin nale mce exposed for 13 weeks to
doses of 100 ng/ kg/ day, and cytonegaly was noted follow ng chronic
exposure to 25 ng/kg/day (Dunnick et al. 1987; NTP 1987). Ferale m ce
wer e somewhat | ess susceptible than males. In rats, cytomegaly and
nephrosis were observed in both males and femal es at chronic exposure
|l evels of 50 to 100 ng/ kg/day (NTP 1987). The dose of 25 ng/kg/day has
been converted to an equival ent concentration of 190 ppmin food for
presentation in Table |I-4. This dose has al so been sel ected as the nost
appropriate value for calculation of the chronic MRL for BDCM Based on
this value, a chronic oral MRL of 0.018 ng/kg/day was cal cul ated, as
described in the footnote in Table 2-1. This MRL has been converted to
an equi val ent concentration in food (0.6 ppm for presentation in
Table |-3.

The hi ghest NOAEL values and all reliable LOAEL val ues for rena
injury in each species and duration category are recorded in Table 2-1
and plotted in Figure 2-1.

2.2.2.3 | mmunol ogi cal Effects
The effects of BDCM on the inmune system have not been thoroughly

studi ed. Munson et al. (1982) administered BDCMto mice for 14 days,
and observed a decrease in female mce in the nunber of antibody formng
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cells in spleen and a decrease in the hemagglutination titer at doses of
125 to 250 ny/ kg/day. The authors felt that the hunpral imune system
may have potential to serve as an early indicator of hal onethane
toxicity.

2.2.2.4 Neur ol ogi cal Effects

No studies were |ocated regardi ng histol ogical or
el ectrophysi ol ogi cal effects of BDCM on the nervous system Rats and
m ce admi ni stered oral doses of 150 to 600 ng/kg often display acute
signs of CNS depression, including |ethargy, |abored breathing, sedation
and flaccid nuscle tone (NTP 1987; Aida et al. 1987; Bal ster and
Borzel l eca 1982; Chu et al. 1980). These effects tend to reverse after
a period of several hours.

To determ ne whet her BDCM exposure resulted in any |onger-|asting
changes in behavior, Balster and Borzelleca (1982) perforned a series of
tests in mce 24 hours or nore after the last of a series of doses of
BDCM Exposure to doses of 1.2 to 11.6 ng/kg/day for 14 to 90 days had
no effect on tests of coordination, strength, endurance or exploratory
activity, and 90 days exposure to 100 ng/kg/day did not ef f ect
passi veavoi dance
| earni ng. Exposure to 100 or 400 ng/ kg/day for go-days did
result in an acute effect on operant behavior (decreased pressing of a
| ever that presented food), but this change tended to di m nish over the
exposure period, suggesting there was no progressive effect and that
partial tol erance devel oped.

The hi ghest NOAEL values and all reliable LOAEL val ues for
neurol ogi cal effects in each species and duration category are recorded
in Table 2-1 and plotted in Figure 2-1.

2.2.2.5 Devel opnmental Effects

Ruddi ck et al. (1983) reported an increased incidence of sternebral
anomalies in fetuses fromrats that had been exposed to BDCM at doses of
50 to 200 ng/ kg/ day on days 6 to 15 of gestation (the critical period
for organogenesis). No other dose-related visceral or skeleta
anonal i es were observed. The authors interpreted the sternebral
anonmal i es to be evidence of a fetotoxic (rather than a teratogenic)
ef fect. These doses also resulted in significant maternal toxicity, as
evi denced by a 40% reduction in body wei ght gain. The dose of 50
ng/ kg/ day has been converted to an equival ent concentration of 1,000 ppm
in food for presentation in Table |-4.
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2.2.2.6 Reproductive Effects

No studies were |located regardi ng reproductive effects in humans or
animals follow ng oral exposure to BDCM

2.2.2.7 Genotoxic Effects

An increased frequency of sister chromatic exchange (SCE) in m ce
exposed to BDCM was reported by Mrinoto and Koi zum (1983).
Statistically significant increases in SCEs in bone marrow cells were
observed in animals dosed with 50 or 100 ng/ kg/day for 4 days. Mce
gi ven the highest dose tested, 200 ny/kg/day for 4 days, died and could
not be evaluated for SCEs in bone marrow cells.

2.2.2.8 Cancer

No studi es were | ocated regarding carcinogenic effects in humans
following chronic oral exposure to BDCM per se. There are severa
epi dem ol ogi cal studies that indicate there may be an associ ation
bet ween i ngestion of chlorinated drinking water (which typically
contains BDCM and increased risk of cancer in hunans (Cottlieb et al.
1981; Kanarek and Young 1982; Marienfeld et al. 1986), but such studies
cannot provide information on whether any effects observed are due to
BDCM or to one or nore of the hundreds of other byproducts that are al so
present in chlorinated water

However, chronic oral studies in animals provide convincing
evi dence that BDCMis carcinogenic. In rats, increased frequency of
liver tunors was observed in femal es exposed to 150 ng/ kg/ day for
180 weeks (Tumasonis et al. 1985), and ki dney tunors were observed in
both mal es and femal es exposed to 100 ng/ kg/ day (NTP 1987; Dunnick
et al. 1987). Incidences of renal tunors were 13/50 and 15/50 in nales
and fenal es, respectively. Tunors of the large intestine were al so
observed in rats, at incidences of 13/50 and 45/50 in mal es exposed to
50 and 100 ng/ kg/day, and at an incidence of 12/47 in fermal es dosed at
100 ng/ kg/day. In mce, renal tunors were observed in males dosed with
50 ng/ kg/ day, and hepatic tunors were observed in fenales dosed with 75
or 150 ng/ kg/day. Increased intestinal tunmors were not observed in mce
(Dunnick et al. 1987; NTP 1987).

2.2.3Dernal Exposure

No studies were |ocated regarding the following toxic effects in
humans or aninmals foll ow ng dermal exposure to BDCM
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2.2.3.1 Deat h

2.2.3.2 System ¢ Effects
2.2.3.3 I mmunol ogi cal Effects
2.2.3. 4 Neur ol ogi cal Effects
2.2.3.5 Devel opnmental Effects
2.2.3.6 Reproducti ve Effects
2.2.3.7 Genotoxi c Effects
2.2.3.8 Cancer

2. 3 RELEVANCE TO PUBLI C HEALTH

Oral exposure studies in animals identify the central nervous
system the liver, the kidney and the intestine as the principal target
ti ssues of BDCM Effects on the central nervous system (I ethargy,
sedation) are observed nostly follow ng | arge doses, and are likely the
result of a direct narcotic or anaesthetic effect simlar to other
related chemcals (e.g., chloroform carbon tetrachloride).

Ef fects on the liver and kidney include increased organ wei ght,
focal areas of inflanmation or degeneration, and decreased function
These effects tend to appear in both tissues at roughly simlar doses,
usual | y between 25 and 100 ng/ kg/day. This indicates that both tissues
are approxinmately equally susceptible to BDCM The doses which lead to
renal and hepatic injury followng internediate or chronic exposure are
generally sinilar to those causing acute effects (e.g., see Figure 2-1),
suggesting that there is a relatively | ow tendency toward cumnul ative
injury for these noncarcinogenic endpoints. This is probably because
both the liver and the kidney are able to repair danaged cells or
replace dead cells within a short period after exposure.

BDCM exposure has al so been observed to result in devel opnent al
toxicity (Ruddick et al. 1983). However, data are available only for
doses that cause significant maternal toxicity, so it is not possible to
j udge whet her-devel opnental effects are likely to occur in animals or
humans exposed at | ower dose |evels.
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The greatest reason for concern with BDCM exposure is evidence from
ani mal studies that BDCM i s carcinogenic. Conpared with other
tri hal onet hanes (THVs), BDCM causes the w dest spectrum of neoplasns in
rats and mice, and is the only THM observed to cause intestinal tunors
(Dunnick et al. 1987). In addition, BDCM has been found to be nutagenic
in some (but not all) in vitro gene nutation and sister chromatid
exchange assays (summarized in Table 2-2). BDCM has al so been reported
to cause increased sister chromatid exchange in bone marrow cells of
m ce exposed in vivo (Mrinoto and Koi zunmi 1983). These positive
carci nogenicity and genotoxicity studies indicate that exposure to BDCM
in chlorinated water or near waste sites might contribute to increased
ri sk of cancer in humans.

Several studies indicate that there are differences in
susceptibility to BDCM between speci es and between sexes. Wth regard
to lethality, for exanple, male mce are nore susceptible than fenal e
m ce, and both nmale and fermal e mce are nore susceptible than rats.
Mal e mice are also nore susceptible to the renal effects of BDCM t han
females, while in rats, males respond to BDCM wi th renal cytonegaly and
femal es devel op nephrosis. Intestinal tunors are observed in both male
and female rats, but not in mce. The basis of these differences is not
known, but may possibly be attributed to differences in disposition and
met abol i sm of BDCM bet ween sexes and species. That significant
di f ferences exist have been denonstrated by Mnk et al, (1986) and Smith
et al. (1985), as discussed below in Section 2.6.

Because of the differences in dose susceptibility and tissue
specificity observed between sexes and species in animal studies, it is
difficult to extrapolate the observations in aninmals to humans. Unti
an i nproved understandi ng of the nmechanistic or toxicokinetic basis of
these variables is achieved, it is prudent to assune that the sane
effects observed in animals will be observed in humans ingesting
conpar abl e dose | evel s.

2.4 LEVELS I N HUVAN Tl SSUES AND FLUI DS ASSCCI ATED W TH HEALTH EFFECTS
BDCM was not detected in sanples of human fat studied in the

Nat i onal Human Adi pose Ti ssue Survey (NHATS) (EPA 1986c¢), and was not
detected in the bl ood of 250 patients studied by Antoine et al. (1986).
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TABLE 2-2. Genotoxicity of BDCM
End Species/
Point Test System Result Reference
Gene Hutaéion Salmonella Negative, with and NTP 1987

Gene Mutation

Gene Mutation

Gene Mutation

Chromosomal
aberrations

Sister Chromatid
Exchange

Sister Chromatid
Exchange

Sister Chromatid
Exchange

Sister Chromatid
Exchange

(4 strains)

Saccharomyces
XVIa5-14C
reversion

Saccharomyces
D7 gene
conversion

Mouse
lymphoma

Chinese Hamster
ovary (CHO) cells

CHO cells

Human
lymphocytes

Human lymphoid
cells

Rat liver
cells

without activation

Negative, with
activation;

weakly positive,
without activation

Negative, with
activation;

weakly positive,
without activation

Positive, with
activation;
negative, without
activation

Negative, with
and without
activation

Negative, with
and without
activation

Delayed cell
turnover;
moderate activity

Elevation in
frequency of SCE's

Increased 50%
above control

Nestmann and
Lee 1985

Nestmann and
Lee 1985

NTP 1987

NTP 1987

NTP 1987

Morimoto
and Koizumi
1983

Sobti
1984

Sobti 1984
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A BDCM concentration of 14 ng/m was found in a bl ood sanple from one
resident living near a waste site in New York (Barkley et al. 1980), but
the significance of this isolated observation is difficult to judge. No
ot her studies were | ocated regarding levels of BDCMin hunman tissues and
fluids.

2.5 LEVELS IN THE ENVI RONVENT ASSOCI ATED W TH LEVELS I N HUMAN Tl SSUES AND/ OR
HEALTH EFFECTS

No studies were |located regarding the relationship between
environnmental |evels of BDCM and | evel s of BDCM in human tissues or
fluids or the occurrence of any adverse health effects. Epidem ol ogi cal
studi es which indicate there may be an associ ati on between consunpti on
of chlorinated water (which contains BDCM and increased risk of cancer
are consistent with, but do not establish, the hypothesis that BDCM
i ncreases cancer risk in humans, since chlorinated water contains
hundr eds' of other chenicals as well.

2.6 TOXI COKI NETI CS

No studi es were | ocated regardi ng BDCM t oxi coki netics in humans,
but there are limted data fromstudies in animals. These data are
sunmari zed bel ow

2.6.1 Absorption
2.6.1.1 Inhal ati on Exposure

No studies were | ocated regardi ng absorption follow ng inhalation
exposure to BDCM By analogy with other simlar chemcals, it seens
i kely that BDCM woul d be wel | absorbed across the lung in both humans
and ani nal s.

2.6.1.2 Oal Exposure

Fermal e nonkeys, dosed with radi oacti ve BDCM by gavage, excreted 2%
of the admi nistered radioactivity in feces, indicating that
gastrointestinal ' absorption was essentially conplete (Smth et al
1985). In mce, absorption was also rapid and extensive (Mnk et al
1986). Wthin eight hours of adm nistration, 90% of the adninistered
radi oactivity was excreted in urine or expired air, indicating that
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absorption was at |east 90% conplete. In rats, BDCM was not absorbed as
readily as in mce and nonkeys with only about 60% of the orally

admi ni stered dose appearing in the expired air and urine (Mnk et al.
1986) .

2.6.1.3 Dermal Exposure

No studies were |ocated regardi ng absorption follow ng dernal
exposure to BDCM By analogy with other sinmlar chenmicals, it seens
likely that BDCM wi Il be absorbed across the skin.

2.6.2 Distribution
2.6.2.1 Inhal ati on Exposure

No studies were located regarding distribution in humans or animals
follow ng inhal ati on exposure to BDCM

2.6.2.2 Oal Exposure

When BDCM was admini stered to rats by gavage, the conmpound was sl ow
to | eave the stomach (Smith et al. 1985). Three hours after
adm nistration, 21.5% of the dose was still in the stomach. Fat,
nmuscle, and |liver each contained from1.8 to 2.8% of the dose, with
| ower levels in other tissues.

2.6.2.3 Dermal Exposure

No studies were located regarding distribution in humans or animals
foll ow ng dermal exposure to BDCM

2.6.3 Metabolism

Pat hways of BDCM net abol i sm have not been characterized. Studies
in mce indicate that carbon dioxide is a nmajor endproduct in that
speci es, accounting for 81% of the adm nistered dose (Mnk et al. 1986).
In rats, only 14% of the adm nistered dose was expired as carbon
di oxi de, and 42% as the parent compound (Mnk et al. 1986). As
di scussed previously, toxicology studies in rats and nmice showed that
BDCM was nore toxic to mice than to rats, and it is possible that these
t oxi cokinetic differences in nmetabolismmay contribute to these
di ff erences.
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2.6.4 Excretion
2.6.4.1 I nhal ati on Exposure

No studies were |located regarding excretion in hunans or ani nals
foll owi ng i nhal ati on exposure to BDCM

2.6.4.2 Oral Exposure

The maj or route of excretion of BDCMin rats, mice, and nonkeys is
expiration through the lung, either as parent BDCM or as volatile
met abolites such as CO (Mnk et al. 1986; Smith et al, 1977, Smth
et al. 1985). Excretion via the urine accounts for only a mnor
fraction of the adm nistered dose (1.4%in rats, 2.2%in nmce, and 2%to
6% in nmonkeys) (Mnk et al. 1986; Smith et al. 1985).

Fecal excretion in nonkeys accounted for |ess than 2% of the
admi ni stered dose 72 hours after dosing (Smith et al. 1985). In rats,
Smith et al. (1985) found no detectabl e anmounts of radiol abelled BDCM or
metabolites in the feces, but the feces were evaluated only up to
6 hours after adm nistration of BDCM The shortness of the tine
i nterval does not give an accurate assessnment of the feces as a route of
excretion for BDCM since 37% of the adm nistered dose in the rats was
accounted for in the gastrointestinal tract. No data were avail able on
fecal excretion in mce.

The half-life of BDCMin rats and mce was estimted to be 1.5 and
2 hours, respectively (Mnk et al. 1986), and the half-life in nonkeys
was 4 to 6 hours (Smth et al. 1977). This indicates that BDCMi s
effectively excreted and that tissue accumnul ation of BDCMis unlikely.

2.6.4.3 Der mal Exposure

No studies were |ocated regarding excretion in hunans or aninmals
foll ow ng dermal exposure to BDCM

2.7 | NTERACTI ONS W TH OTHER CHEM CALS

Hewitt et al. (1983) reported that pretreatnment of rats with an
oral dose of acetone dramatically increased the hepatic and renal
toxicity of an oral dose of BDCM given 18 hours later. This is very
simlar to the well-documented potentiation of CO, by a variety of
al cohol s, ketones and ot her chenicals, suggesting that BDCM and CC , may
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exert their toxicity through common mechanisms. Because of the

widespread use of alcohols and ketones in industry and 1in consumer
products, this sort of potentiation could be quite important.

A study in rats by Wester et al. (1985) evaluated the effects of
ingestion of a mixture of 11 halogenated hydrocarbon contaminants of
drinking water, 1including BDCM. No effects were observed after 25

months of exposure, but the doses employed were so low (0.003 to 0.28
mg/kg/day for BDCM) that this observation does not constitute strong
evidence that BDCM does not interact with other chemicals.

2.8 POPULATIONS THAT ARE UNUSUALLY SUSCEPTIBLE

No studies were located regarding human populations that are
unusually susceptible to BDCM. Because BDCM 1is known to cause liver
injury in animals, humans with preexisting liver diseases (e.g. ,
hepatitis, cirrhosis) may be particularly susceptible to the
hepatotoxic effects of BDCM. Likewise, humans with preexisting kidney
diseases may be susceptible to BDCM. By analogy with CCl,, persons who
are heavy drinkers and/or take certain drugs that affect the liver may
also be particularly susceptible to the effects of BDCM.

2.9 ADEQUACY OF THE DATABASE

Section 104 (i) (5) of CERCLA, directs the Administrator of ATSDR
(in consultation with the Administrator of EPA and agencies and
programs of the Public Health Service) to assess whether adequate
information on the health effects of BDCM is available. Where adequate
information 1is not available, ATSDR, in cooperation with the National
Toxicology Program (NTP), 1is required to assure the initiation of a
program of research designed to determine these health effects (and
techniques for developing methods to determine such health effects).
The following discussion highlights the availability, or absence, of
exposure and toxicity information applicable to human health
assessment. A statement of the relevance of identified data needs 1is
also included. In a separate effort, ATSDR, in collaboration with NTP
and EPA, will prioritize data needs across chemicals that have been
profiled.
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2.9.1Existing Information on Health Effects of BDCM

As summarized in Figure 2-2, there are no data on the health
effects of BDCMin humans. In animals, there are a nunber of studies of
health effects followi ng oral exposure, and information exists for nost
endpoi nts except reproduction. However, no aninmal toxicity data exist
for inhalation or dermal exposure to BDCM

2.9.2 Data Needs

Si ngl e Dose Exposure. There are a nunber of single dose studies in
animals by the oral route, and the range of intake doses leading to
| et hal and nost sublethal effects is reasonably well defined. However,
t he nechani smof toxicity has not been studied. Such studies would be
useful in revealing why there are significant differences in
susceptibility between nmal es and fenal es, and whether this is pertinent
to the evaluation of human health risk from BDCM Studies by the ora
route are likely to be nost relevant, but studies of acute inhalation
and dermal toxicity would al so be useful, since humans may be exposed by
t hese pat hways whil e bathing or sw nmm ng.

Repeat ed Dose Exposure. Existing studies of health effects in
ani mal s adni ni stered repeated oral doses of BDCMindicate that there is
arelatively low tendency toward cunul ative toxicity and that chronic
noncar ci nogeni c effects resenble short-termeffects. However, the
t hreshol d dose for noncarcinogenic effects is not known with certainty.
For example, the study by Chu et al. (1982b) identified mnimal effects
on the liver at doses of 7 ng/kg/day or higher, while other studies (NTP
1987; Tobe et al. 1982) did not detect effects at doses 6- to 20-tines
hi gher. Thus, additional studies to define |ong-termno-effect |evels
with greater certainty would help inprove risk assessnents for BDCM

Chroni ¢ Exposure and Carcinogenicity. Several studies have
i ndi cated that chronic oral exposure to BDCM increases cancer risk in
animal s. Tunors were observed in both Iiver and kidney tissues (known
to be target tissues from subchronic studies of this chem cal), and
tunmors were al so observed in the large intestines in rats. This is an
unusual tunorigenic response in rats, and the basis for the
susceptibility of the large intestine is not known. Further studies
woul d be valuable to reveal the basis for this tissue selectivity, and
to obtain inproved dose-response data to allow reliable quantitative
cancer risk assessnent.



30

2. HEALTH EFFECTS

/ svystemic [/ 5

, £ ; & £ &

/e /[8/8/8/5/5/8f

£ @ § § S o & 1S ) g

s/ &/&8/E/E/s/ e/ 8/ 5/ 6

§/E€/&/5/&/E8/8/E/F /S
Inhalation
Oral
Dermal

HUMAN
/ sysTeEmc [ 5

£/ 188/ /%

e L Q@

FlelE/8/6/5/8/¢

£/ @0 § '3 & O o)

g 5 L /& §/& éb &/ 6/ &

<1 F/5/€&/8/8/E/SF /S
Inhalation

Oral L BN BN BN BN BN BN | |0
Dermal

ANIMAL

@ Existing Studies

FIGURE 2-2. Existing Information on Health Effects of BDCM



31

2. HEALTH EFFECTS

Genotoxicity. An in vivo nmutagenicity study in mce indicated that
BDCM has potential to cause genetic danage, and in vitro studies also
suggest that BDCM has genotoxic potential. Additional in vitro and in
vVivo studies to evaluate the genotoxicity of BDCM and to identify the
mechani sm of genot oxi ¢ danage in intact nmanmalian cells would be
val uabl e.

Reproductive Toxicity. No studies were | ocated regarding effects
of BDCM on reproduction. Miultigeneration studies in animals to eval uate
effects of BDCM on reproduction would be val uabl e.

Devel opnental Toxicity. One study in rats (Ruddick et al. 1983)
indicates that BDCMis fetotoxic at doses that cause maternal toxicity,
but effects at | ower doses were not eval uated. Additional devel opnental
studies at | ower doses and in several other species would be hel pful in
evaluating nore fully the potential of BDCMto cause effects on the
devel opi ng organi sm

I mmunotoxicity. Limted data from subchronic oral studies in mce
i ndi cate that BDCM adversely affects the inmune system However, the
data do not define the threshold for the effect with certainty, nor do
the data reveal whether the function of the inmune systemis
significantly inpaired. Further studies on the inmunotoxicity of BDCM
in animals would be valuable in establishing the no-effect |evel and the
rel evance to human heal t h.

Neurotoxicity. Hi gh doses of BDCM affect the CNS |i ke ot her
hal ocar bons, causi ng depressed function and anesthesia. Linited data
i ndicate that repeated exposures may lead to transient effects on
behavi or, but this has not been investigated in detail. Further
neur obehavi oral , studi es using nore sensitive operant neasures would help
define the exposure levels that |lead to these effects, and whether any
per manent neur ol ogi cal changes occur.

Epi demi ol ogi cal and Human Dosinetry Studi es. No epi dem ol ogi cal
studi es were | ocated regardi ng human health effects from exposure to
BDCM per_se. Epi dem ol ogi cal studies of cancer frequency in popul ations
consum ng chlorinated drinking water have been perfornmed, but since BDCM
levels tend to vary in concert with the I evels of other trihal onethanes
and numer ous ot her byproducts of disinfection, it is unlikely that
studies of this sort will be able to provide information on the risks
contributed specifically by BDCM
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Bi omar kers of Di sease. Since no cases of human di sease due to BDCM
exposure have been reported, it is not possible to identify biomarkers
of disease in humans. Assunming that hepatic and renal injury simlar to
that observed in aninals might occur in exposed humans, early signs of
these effects could be detected by standard clinical nmethods such as
serum enzyne |l evels, PAH clearance, and so on. These tests would not be
specific for BDCM however, and would only detect effects after injury
to the tissues has occurred. Efforts to identify a sensitive and
specific biomarker of BDCM i nduced di sease woul d be hel pful.

Di sease Registries. No disease registry exists for BDCM i nduced
di seases in hunans. Since the effects observed in aninmals (hepatic and
renal injury, cancer of liver, kidney and intestines) are common
di seases in humans, it is likely that a registry of individuals with
t hese di seases would contain only a small nunmber of cases that m ght be
attri butable solely to BDCM exposure.

Bi oavailability from Environnental Media. No studies were |ocated
on the relative bioavailability of BDCMin different environnmenta
nmedi a. Based on the physical properties of BDCM it is not expected
that bioavailability would vary wi dely between water, soil, food, and
ot her nmedia. Studies to investigate this would, neverthel ess, be
hel pful .

Food Chai n Bi oaccunul ati on. BDCM i s biosynthesized by a variety of
mar i ne macr oal gae, but whether BDCM fromthis source or other sources
enters the food chain has not been studied. Wile the relatively rapid
nmet abol i sm and excretion of BDCMin |aboratory animals suggest that
mar ked bi oaccunul ations is not |ikely, information on BDCM upt ake and
retention by fish, plants, and other food sources would be hel pful.

Absorption, Distribution, Metabolism and Excretion. Currently
there are no toxicokinetic studies on BDCM foll owi ng inhal ation
exposure. Consequently, it would be helpful to determne the fraction
of BDCMthat is absorbed via inhalation and to investigate whether any
significant differences in nmetabolismor retention exist between
i nhal ati on and oral exposures. Simlarly, there are no toxicokinetic
data regardi ng dermal exposure to BDCM Although direct dernal contact
with concentrated BDCMis unlikely, dermal contact with water containing
BDCM i s very conmon. Consequently, information on dernmal absorption
rates from aqueous sol utions woul d be hel pful.

Most toxicokinetic studies were conducted prior to the findings of
cancer in the large intestine of male and female rats follow ng chronic
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i ngestion of BDCM Since tunors in the gastrointestinal tract are
uncomon in rats, additional toxicokinetic studies focusing on BDCM

met abol i smand distribution in this tissue would be valuable in
under st andi ng the nmetabolic pathways for BDCM and how t he netabol i sm may
be related to the mechani sm of toxicity and carcinogenicity of BDCM

Detail ed studi es of the enzym c pat hways of BDCM net aboli sm and of
the internedi ates formed would al so be val uable. Metabolic activation
to yield highly toxic intermediates is known to be a critical step in
the toxicity of some simlar conmpounds (e.g., CO,). Investigations to
determ ne whether simlar pathways are involved in BDCMtoxicity m ght
hel p resolve many of the special aspects of the toxicity of this
compound.

Conpar ati ve Toxi cokinetics. Since BDCM toxicity appears to differ
significantly between sexes and speci es, additional toxicokinetic
studies in several species would be val uable. Such studies would aid in
understanding the differences in toxicity between species, and could
hel p identify the nost appropriate aninal species for use as a nodel for
humans.

2.9.3 On-going Studies

Dr. Janes Mathews (Research Triangle Institute) is currently
perform ng studi es of the dose-dependency of absorption, netabolism and
cl earance of BDCM follow ng oral exposure of rodents. This research is
sponsored by the National Toxicol ogy Program
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3. CHEM CAL AND PHYSI CAL | NFORVATI ON

3.1 CHEM CAL | DENTITY

Table 3-1 lists conmon synonyns, trade nanes and ot her pertinent
identification information for BDCM

3.2 PHYSI CAL AND CHEM CAL PROPERTI ES

Table 3-2 lists inportant physical and chem cal properties of BDCM
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TABLE 3-1. Chemical Identity of BDCM

Value References
Chemical Name Bromodichloromethane NLM 1988
Synonyms Dichlorobromomethane;
Monobromodichloromsethane; NLM 1988

Methane, bromodichloro-

Trade Name (s) -8

Chemical Formula CHBrCl, Verschusren
1977
Chemical Structure EPA 1983
v
OI-?-Cl
H
Identification Numbers:
CAS Registry 75-27-4 , FLM 1988
RIOSH RTECS PAS5310000 HSDB 1988
EPA Hazardous Waste KD HSDB 1988
OHM-TADS ND HSDB 1988
DOT/UN/NA/IMCO KD BSDB 1988
Shipping
BSDB 4160 NLM 1988
RCI C55243 NLM 1988

CAS - Chemical Abstracts Service

NIOSH - Kational Institute for Occupational Safety and BHealth

RTECS - Registry of Toxic Effects of Chemical Substances

OHM-TADS - 01l and Hazardous Materials/

Technical Assistance Data System

DOT/UN/RA/IMCO - Department of Transportation/United Nations/North America/
International Maritime Dangerous Goods Code

HSDB - Hazardous Substances Data Bank

NCI - Rational Cancer Institute

2No data located
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TABLE 3-2. Physical and Chemical Properties of BDCM

Property Value References
Molecular weight 163,83 Weast 1985
Color colorless Verschueren

1977
Physical State liquid Verschueren
1977
Melting point, °C -57.1 Weast 1985
Boiling point, °C 90 Weast 1985
Density, 20/4 1.980 Weast 1985
Odor ¥p(®)
Odor threshold ND
Water
Alr
Solubility
Water, mg/L 4,500 Mabey et al.
1982
Organic Solvents soluble Weast 1985
Partition coefficients
Log octanol/water 2.1 Mabey et al.
1982
Log k°c 1.8 Mabey et al.
1982
Vapor Pressure, mm Hg (20°C) 50 Mabey et al.
1982
Henry’s_ Law Constant, 2.41E-03 Mabey et al.
atm m”fmol 1982
Autoignition ND
temperature, oc
Flash point ND
Flammability limits ND
Conversion Factors
ppm (v/v) to mg/m 1 ppm = 6.70 mslm3 Verschueren
in air (20 °c) 1977
mg/m® to ppm (v/v) 1 mg/m? = 0.15 ppm

in air (20 °C)

(8) No data located.
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4.1 PRODUCTI ON

BDCM i s produced comrercially by the reaction of dichloronethane
wi th al um num brom de. Small quantities of BDCM are currently produced
in the United States, but quantitative production volunmes are not
avail abl e.

4.2 I MPORT

No data on inports or exports of BDCM were | ocated. Little, if
any, of either is expected.

4.3 USE

In the past, BDCM has been used as a solvent for fats, waxes, and
resins, as a flanme retardant, as a heavy liquid for mneral and salt
separations, and as a fire extinguisher fluid ingredient (Sax 1984). At
present, the principal use of BDCMis as a chem cal internediate for
organi c synthesis and as a | aboratory reagent (Sittig 1985; Verschueren
1983). BDCMis not listed as a current ingredient in fire
extingui shers, solvents or other conmercial products (Gosselein et al.
1984).

4.4 DI SPOSAL

Br onodi chl oronet hane is categorized as a hazardous waste
constituent (40 CFR 261 App. VIII1) and, therefore, nust be di sposed of
in accordance with RCRA regul ati ons. Acceptabl e di sposal nethods
i nclude incineration using liquid injection, rotary kiln or fluidized
bed techniques. At the present tine, |land disposal of BDCMis al so
permitted, although trihal onethanes are being eval uated for |and
di sposal prohibition

BDCM has been detected in the raw and treated wastewater of
nunerous industries (EPA 1983), but no quantitative data on anounts of
BDCM di sposed of to the environment were | ocated. BDCM has been
detected at 7% of chemical waste sites investigated under Superfund
(CLPSD 1988).
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4.5 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, directs the Admi 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 information 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 determine 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, wl|
prioritize data needs across chenicals that have been profil ed.

4.5. 1 Dat a Needs

Production, Use, Rel ease and Di sposal. The mnimal conmercial use
of BDCMis reflected in the absence of avail abl e production data. Data
on current uses and di sposal practices would be val uable in determ ning
whet her industrial activities pose an inportant source of hunman exposure
t o BDCM

According to the Energency Planning and Community Right to Know Act
of 1986( EPCRTKA), (8313), (Pub. L. 99-499, Title Ill, 8313), industries
are required to submt release infornmation to the EPA. The Toxic
Rel ease I nventory (TRI), which contains release information for 1987,
becane available in May of 1989. This database will be updated yearly
and shoul d provide a nore reliable estimate of industrial production and
em ssi on.
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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
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6.1 Bl OLOG CAL MATERI ALS

As a volatile organohalide, BDCM nmay be neasured with good
sensitivity and specificity using gas-chromat ographi c net hods enpl oyi ng
hal i de-specific or election-capture detection. Methods avail able for
separation of BDCM from bi ol ogi cal sanples prior to analysis include
headspace anal ysis, purge-and-trap collection, solvent extraction, and
direct collection on resins.

Headspace anal ysis offers speed, sinplicity, and good
reproduci bility for a particular type of sanple. However, partitioning
of the anal yte between the headspace and the sanple matrix is dependent
upon the nature of the matrix and nust be determ ned separately for
different kinds of matrices (Walters 1986).

Purge-and-trap collection is well suited to biological sanples that
are soluble in water (Peoples et al. 1979), and is readily adapted from
t echni ques that have been devel oped for the anal ysis of BDCM and ot her
VOCs in water and wastewater. This nmethod consists of bubbling inert
gas through a small volune of the sanple and collecting the vapor in a
trap packed with sorbent. The anal ytes are then renoved fromthe trap
by heating it and backfl ushing the anal ytes onto a gas chronatographic
colum (Pankow et al. 1988). The two materials nost wi dely used for
adsorption and thermal desorption of volatile organic conmpounds
collected by the purge-and-trap technique are Carbotrap, consisting of

graphitized carbon black, and Tenax,a porous polyner of 2,6-diphenyl-p-

phenyl ene oxide (Fabbri et al. 1987).

Sol vent extraction of volatile conmponents from biological fluids is
usual |y perforned using dinethyl ether (Zlatkis and Kim 1976).
Honogeni zation of tissue with the extractant and |ysing of cells
i nproves extraction efficiency. Wien, as is often the case, multiple
anal ytes are being determ ned using solvent extraction, selective
extraction and | oss of | ow boiling conpounds can cause errors.
Supercritical fluid extraction using pure carbon dioxide or carbon
dioxide with additives offers some exciting potential for the extraction
of organic anal ytes such as BDCM from bi ol ogi cal sanpl es (Hawt hor ne
1988) .

Anal ytical nethods for the deternination of BDCM i n biol ogi ca
sanpl es are given in Table 6-1.
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TABLE 6-1. Analytical Methods for BDCM in Biological Samples

Sample type

Extraction/cleanup

Detection

Limit of
detection

References

Adipose tissue

Bile acids

Breath, blood,
and urine

Blood serum

Bioflutds(®)

Grain(b)

Purge from liquified
fat at 115°C, trap on
silica gel, thermal
desorption

NR
NR

Purge from water-serum
mixture containing
antifoam reagent at
115°C, trap on Tenax/
silica gel, thermal
desorption

Dilute with water,
sealed vial, collection
of headspace vapors

Extract with acetone/
wvater (5/1), dry,
inject acetone solution

GC/BSD

GC/ECD

GC/Ms

GC/HSD

GC/ECD

GC/ECD

<0.8 pg/L

E

5

<0.8 ugl/L

Peoples et al. 1979

Brechbuehler et al. 1977

Barkley et al. 1980

Peoples et al. 1979

Suitheimer et al. 1982

AOAC 1984

Abbreviations:

GC = gas chromatography; HSD = halide selective detector; ECD = electron capture detector;
NR = not reported; MS = mass spectrometry. .

(3)This method for volatiles by headspace chromatography can be adapted to bromodichloromethane
although the procedure does not list it specifically as an analyte.

(b)Method for carbon tetrachloride, but applicable to bromodichloromethane because of their similar

propertlies.
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6.2 ENVI RONMENTAL SAMPLES

BDCM may be isolated from environnmental sanples using the same
nmet hods and principles used for biological sanples, foll owed by gas
chr omat ogr aphi ¢ anal ysis. The nost conveni ent procedure for nost liquid
and solid sanples is the purge-and-trap nethod. A simlar procedure is
used for air, involving passing the air through an adsorbent canister,
foll owed by thermal desorption

Anal ytical nethods for the determ nati on of BDCM i n environnent al
sanpl es are given in Table 6-2.

6.3 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, directs the Admi nistrator of ATSDR (in
consultation with the Admi 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. \Were adequate information 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 determine these health effects (and techni ques for
devel opi ng net hods to determ ne such health effects). The foll ow ng
di scussi on highlights the availability, or absence, of exposure and
toxicity informati on applicable to human health assessnment. 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 chenmicals that have been profil ed.

6.3.1 Dat a Needs

Met hods for Determ ning Parent Conpounds and Metabolites in
Bi ol ogi cal Materials. Methods are avail able for the determ nation of
BDCM i n bi ol ogi cal sanples, but there is a need for devel oprnent of
val i dated standard net hods of analysis with well-defined limits of
detection, such as those that exist for water and wastewater (EPA 1982a,
EPA 1982b) and for solid wastes (EPA 1986a, EPA 1986Db).

Ani mal studies show that BDCMis excreted via the lungs as parent
conmpound or carbon dioxide. Snall anobunts of carbon nonoxi de have al so
been neasured in animals after administration of BDCM (Anders et al
1978). Other netabolites of BDCM have not been identified. Since
carbon di oxi de and carbon nonoxi de are not specific to BDCM neasuremnent
of these netabolites is not likely to provide a good i ndex of BDCM
exposure.
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TABLE 6-2. Analytical Methods for BDCM in Environmental Media

Limit of
Sample type Extraction/cleanup ' Detection detection References
ALr(®) Coconut shell charcocal sorption . GC/FID 10 g per NIOSH 1984
carbon disulfide desorption sample
Alr Sorption GC/CLMD ax10-13 Yamads et al.
s/ sec 1982
Alr and vater MR D © ec/Ms MR Barkley et al. 1980
Drinking water Purge and trap GC/MWED <1 ug/L Quimby et al. 1979
Water Purge and trap GC/IMS 10 ug/L EPA 1980c¢
© Water Purge and trap GC/BSD 0.12 pgl/L EPA 1982a
Water Purge and trap GC/MS 2.2 pgl/L EPA 1982b
Water Purge and trap GC/HSD 0.5 ug/L APHA 1985a
Water Purge and trap GC/MS <0.27 Hgl/L APHA 1985b
Water Solvent extraction (isooctane) GC/BSD 1 pg/L ASTM 1988
Contaminated soil Purge and trap GC/HSD 1.0 gglks EPA 1986a
Wastes, non-wvater Purge and trap GC/BSD 125 pglkg EPA 1986a
miscible
Solid waste Purge and trap GC/MS 5 pgl/kg EPA 1986b

Abbreviations: GC = gas chromatography; FID = flame ionization detector; CLMD = chemiluminescence
detection; NR = not reported; MS = mass spectrometry; MWED = microwave emission detector;
BSD = halogen-specific detector.

(#)This method for halogenated hydrocarbons can be adapted to bromodichloromethane although the procedure
does not list it specifically as an analyte.
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Met hods for Bionarkers of Exposure. No bi omarkers of exposure to
BDCM are currently known. By analogy with CO, it is possible that
BDCM may be netabolized to reactive internedi ates that form coval ent
adducts with cellular macronol ecules. If so, inmmunoassays and 32 P-post
| abel i ng assays m ght be capabl e of identifying and quantifying these
adducts, although levels would likely be very low Efforts to identify
such adducts and to devel op appropriate neasurenent techni ques woul d be
val uabl e for determ ning exposure.

Met hods for Determ ning Parent Conpounds and Degradation Products
in Environmental Media. BDCM can be analyzed in water, air, and waste
sanples with good selectivity and sensitivity. However, since BDCM nay
be carcinogenic in hunans, very low levels in water, air or other nedia
may be of concern, so inprovenents in sensitivity would be val uabl e.

6.3.2 On-goi ng Studies

The devel opnent of supercritical fluid (SCF) extraction holds great
prom se for analysis of nonpol ar organic anal ytes such as BDCM Current
research in this area has been summari zed by Hawt horne (1988).

Research is ongoing to devel op a "Master Analytical Scheme" for
organi ¢ conpounds in water (Mchael et al. 1988), which includes BDCM as
an anal yte. The overall goal is to detect and quantify organic

compounds at 0.1 pg/L (1 ppb)in drinking water, 1 pug /L in surface

waters, and 10 pg/L in effluent waters. A conprehensive review of the
l[iterature | eading up to these efforts has been published (Pellizzari
et al. 1985).

The introduction of capillary colum chronatography has narkedly
i mproved both sensitivity and resolution of gas chromatographic
anal ysi s, but because of the very small quantities of sanple required,
has made sanple delivery nore difficult. One of the nore prom sing
approaches to sanple introduction using capillary colums w th purgeand-
trap collection is the use of cryofocusing. Basically, this
procedure consists of collecting purged analyte on a short section of

the capillary colum cooled to a | ow tenperature (e.g., -100°C),
fol | owed by heating and backfl ushing of the sanple onto the anal ytical
colum. Several conpounds closely related to BDCM have been deterni ned
in water by this nethod (Washall and Wanpl er 1988), including nefhyl ene
chl oride, chloroform chlorobrononet hane and br onpf orm
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Met hods are al so being devel oped for in situ neasurenent of
organohalide levels in water. This has been denonstrated for
chl orof orm contanmi nated well water using renote fiber fluorinetry (RFF)
and fiber optic chenical sensors (FOGS) (Ml anovich 1986). Wth this
approach, fluorescence of basic pyridine in the presence of organohalide
(the Fujiwara reaction) is neasured froma chem cal sensor imersed in
the water at the end of an optical fiber. If conditions can be found
under whi ch BDCM undergoes a Fujiwara reaction, its determ nati on m ght
be anendable to this approach.

The Environnental Health Laboratory Sciences Division of the Center
for Environmental Health and Injury Control, Centers for D sease
Control, is developing nethods for the anal ysis of BDCM and ot her
vol atil e organi ¢ conmpounds in blood. These nethods use purge and trap
nmet hodol ogy and magneti c nass spectronetry which gives detection limts
inthe low parts per trillion range.
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Because of its potential to cause adverse effects in exposed
peopl e, a number of regulations and advi sory val ues have been
establi shed for BDCM by vari ous national and state agencies. These
val ues are sunmarized in Table 7-1. No international values were

| ocat ed.
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TABLE 7-1. Regulations and Guidelines Applicable to BDCM

Agency Description Value References
Hational
Regulations
a. Water
EPA ODW Maximum Contaminant Level (MCL) 0.10 mg/L 40 CFR 141.12
for Total Trihalomethanes .
Monitoring Required for All RA(®) 40 CFR 141.40
Systems EPA 1987a
EPA OSW Groundwater Monitoring List NA: 40 CFR 264
(Appendix IX) EPA 1987b
EPA OWRS General Permits Under the NA 40 CFR 122
National Pollutant Discharge Appendix D -
Elimination System (NPDES) Table II
General Pretreatment Regulations NA 40 CFR 403
for Existing and New Sources
of Pollution (halomethanes)
FDA Permissible Level in Bottled Water 0.10 mg/L 21 CFR 103.35
(Total Trihalomethanes)
b. Non-specific Media
EPA OERR Reportable Quantity 5000 1b 40 CFR 302.4
EPA 1985a
Guidelines
EPA OWRS Ambient Water Quality c&;-:u EPA 1980b
to Protect Human Health
Ingesting Vatcg and Organisms
10"6 1.9 ug/L
10’7 0.19 ug/L
107 0.019 ug/L
Ingeating Ot;agum Only
10° ' 157 ugl/L
10’: 15.7 ug/L
10”7 1.57 pgl/L
EPA Reference Dose (RfD) 2E-2 mg/kg/d EPA 1988
State Regulstions and Guidelines
State Drinking Water Standards and FSTRAC 1988
Environmental Guidelines
Agencies
Illinois 1.0 pg/L
Vermont 100 ug/L

(2)Not applicable.

(b)Bec-uu of its carcinogenic potential, the EPA-recommended concentration for BDCM in ambilent water is
zero. However, because attainment of thgs 1cv51 may not be possible, levels which correspond to upper bound
incremental lifetime cancer risks of 1077, and 10”7/ are estimated. Since no quantitative data are
available on the cancer risk from BDCM, the values are assumed to be equal to those for chloroform.
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Acut e Exposure -- Exposure to a chemical for a duration of 14 days or
| ess, as specified in the Toxicol ogical Profiles.

Adsorption Coefficient (K ) -- The ratio of the anmount of a chem cal
adsor bed per unit weight of organic carbon in the soil or sedinment to
the concentration of the chemcal in solution at equilibrium

Adsorption Ratio (K) -- The anpunt of a chem cal adsorbed by a sedinent
or soil (i.e., the solid phase) divided by the anbunt of chemical in the
sol ution phase, which is in equilibriumwth the solid phase, at a fixed
solid/solution ratio. It is generally expressed in mcrograns of

chem cal sorbed per gram of soil or sedinent.

Bi oconcentration Factor (BCF) -- The quotient of the concentration of a
chem cal in aquatic organisns at a specific tine or during a discrete
time period of exposure divided by the concentration in the surrounding
water at the sane tine or during the same time period.

Cancer Effect Level (CEL) -- The | owest dose of chemical in a study or
group of studies which produces significant increases in incidence of

cancer (or tunors) between the exposed popul ation and its appropriate
control

Carci nogen -- A chem cal capable of inducing cancer.

Ceiling value (CL) -- A concentration of a substance that should not be
exceeded, even instantaneously.

Chroni ¢ Exposure -- Exposure to a chemi cal for 365 days or nore, as
specified in the Toxicol ogi cal Profiles.

Devel opnental Toxicity -- The occurrence of adverse effects on the
devel opi ng organismthat may result from exposure to a chemcal prior to
conception (either parent), during prenatal devel opnent, or postnatally
to the tine of sexual maturation. Adverse devel opnental effects nay be
detected at any point in the |ife span of the organi sm
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Enbryotoxicity and Fetotoxicity -- Any toxic effect on the conceptus as
a result of prenatal exposure to a chemical; the distinguishing feature
between the two terns is the stage of devel opnment during which the
insult occurred. The terms, as used here, include malformations and
variations, altered growh, and in utero death.

EPA Heal th Advisory -- An estimate of acceptable drinking water |evels
for a chem cal substance based on health effects information. A health
advisory is not a legally enforceable federal standard, but serves as
techni cal gui dance to assist federal, state, and |ocal officials.

| medi at el y Dangerous to Life or Health (IDLH) -- The maxi mum

envi ronmental concentration of a contami nant from which one coul d escape
within 30 mn wthout any escape-inpairing synptons or irreversible
health effects.

I nt ernedi at e Exposure -- Exposure to a chemical for a duration of 15-364
days, as specified in the Toxicol ogical Profiles.

I mmunol ogi ¢ Toxicity -- The occurrence of adverse effects on the inmune
systemthat nay result from exposure to environnmental agents such as
chem cal s.

In vitro -- Isolated fromthe living organismand artificially
mai ntai ned, as in a test tube.

In vivo -- Cccurring within the living organi sm

Let hal Concentration (LO (LC) -- The |owest concentration of a

chem cal in air which has been reported to have caused death in humans
or animals.

Let hal Concentration (50) (LC,) -- A calculated concentration of a
chemi cal in air to which exposure for a specific length of tine is
expected to cause death in 50% of a defined experinental anim
popul ati on.

Let hal Dose(LO (LD -- The |owest dose of a chemical introduced by a
route other than inhalation that is expected to have caused death in
humans or ani mal s.
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Let hal Dose (50) (LD,) -- The dose of a chem cal which has been
calcul ated to cause death in 50% of a defined experimental ani nal
popul ati on.

Lowest - Qbserved- Adver se- Ef fect Level (LOAEL) -- The | owest dose of
chem cal in a study or group of studies which produces statistically or
bi ol ogically significant increases in frequency or severity of adverse
effects between the exposed popul ation and its appropriate control.

LT50 (lethal tine) -- A calculated period of tinme within which a
specific concentration of a chemcal is expected to cause death in 50%
of a defined experinental aninal popul ation,

Mal f ormati ons -- Permanent structural changes that nay adversely affect
survival , devel opnment, or function

M nimal Risk Level -- An estimate of daily human exposure to a cheni cal
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 nutations. A nutation is a change in
the genetic material in a body cell. Mutations can lead to birth
defects, mscarriages, or cancer.

Neurotoxicity -- The occurrence of adverse effects on the nervous system
foll owi ng exposure to a cheni cal

No- Qbserved- Adver se- Ef fect Level (NOAEL) -- That dose of chenical at
which there are no statistically or biologically significant increases
in frequency or severity of adverse effects seen between the exposed
popul ation and its appropriate control. Effects may be produced at this
dose, but they are not considered to be adverse.

Cctanol -Water Partition Coefficient (K ) -- The equilibriumratio of
the concentrations of a chemical in n-octanol and water, in dilute
sol ution.

Permi ssi bl e Exposure Limt (PEL) -- An allowable exposure level in
wor kpl ace air averaged over an 8-h shift,



74
9. GLOSSARY

g,* -- The upper-bound estimate of the | ow dose slope of the doseresponse
curve as determ ned by the nultistage procedure. The g* can
be used to cal culate an estinate of carcinogenic potency, the

i ncremental excess cancer risk per unit of exposure (usually pg/L for
wat er, ng/kg/day for food, and pg/ni for air).

Ref erence Dose (RfD) -- An estimate (with uncertainty spanni ng perhaps
an order of magnitude) of the daily exposure of the hunman population to
a potential hazard that is likely to be without risk of deleterious
effects during a lifetinme. The RFD is operationally derived fromthe
NQAEL (from ani nal and human studi es) by a consistent application of
uncertainty factors that reflect various types of data used to estimate
Rf Ds and an additional nodifying factor, which is based on a

prof essi onal judgnment of the entire database on the chemical. The RfDs
are not applicable to nonthreshold effects such as cancer.

Reportable Quantity (RQ -- The quantity of a hazardous substance that

i s considered reportable under CERCLA. Reportable quantities are: (1) 1
Ib or greater or (2) for selected substances, an anmpbunt established by
regul ati on either under CERCLA or under Sect. 311 of the Clean Water
Act. Quantities are neasured over a 24-h period.

Reproductive Toxicity -- The occurrence of adverse effects on the
reproductive systemthat nay result from exposure to a chemical. The
toxicity may be directed to the reproductive organs and/or the rel ated
endocrine system The manifestation of such toxicity may be noted as
alterations in sexual behavior, fertility, pregnancy outcones, 'or

nmodi fications in other functions that are dependent on the integrity of
this system

Short-Term Exposure Limt (STEL) -- The maxi mum concentration to which
wor kers can be exposed for up to 15 min continually. No nore than four
excursions are all owed per day, and there nmust be at |least 60 min

bet ween exposure periods. The daily TLV-TWA may not be exceeded.

Target Organ Toxicity -- This termcovers a broad range of adverse
effects on target organs or physiol ogical systens (e.g., renal

cardi ovascul ar) extending fromthose arising through a single limted
exposure to those assuned over a |lifetinme of exposure to a chemcal.

TD50 (toxic dose) -- A calculated dose of a chem cal, 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.
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Teratogen -- A chenical that causes structural defects that affect the
devel oprment of an organi sm
Threshold Limt Value (TLV) -- A concentration of a substance to which

nost workers can be exposed w thout adverse effect. The TLV may be
expressed as a TWA, as a STEL, or as a CL.

Ti me- wei ghted Average (TWA) -- An all owabl e exposure concentration
averaged over a normal 8-h workday or 40-h wor kweek.

Uncertainty Factor (UF) -- A factor used in operationally deriving the
Rf D fromexperinental data. UFs are intended to account for (1) the
variation in sensitivity anong the nenbers of the hunan popul ation, (2)
the uncertainty in extrapolating aninmal data to the case of humans, (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. Usually each of these factors is set equal
to 10.
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APPENDI X:  PEER REVI EW

A peer review panel was assenbled for BDCM The panel consisted of
the follow ng nenbers: Dr. Sheldon Miurphy, Professor of Environnental
Heal th, University of Wshington; Dr. Joseph Gould, Research Scientist,
Ceorgia Institute of Technol ogy; Dr. Nancy Reiches, Director of
Resear ch, Riverside Methodist Hospital, Colunbus, Chio; and
Dr. Sanford Bigelow, President, MiltiSciences, Inc. These experts
coll ectively have know edge of BDCM s physical and chem cal properties,
t oxi coki netics, key health end points, nechanisns of action, human and
ani mal exposure, and quantification of risk to humans. Al reviewers
were selected in conformty with the conditions for peer review
specified in the Superfund Arendnents and Reaut hori zation Act of 1986,
Section 110.

A joint panel of scientists from ATSDR and EPA has revi ewed the
peer reviewers' coments and determ ned which comrents will be included
inthe profile. Alisting of the peer reviewers' coments not
incorporated in the profile, with a brief explanation of the rationale
for their exclusion, exists as part of the adm nistrative record for
this conpound. A list of databases reviewed and a |list of unpublished
documents cited are also included in the adm nistrative record.

The citation of the peer review panel should not be understood to
imply their approval of the profile's final content. The responsibility
for the content of this profile lies with the Agency for Toxic
Subst ances and Di sease Registry.

%wU. S GOVERNMENT PRI NTI NG OFFI CE 1991 -535-152/
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