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
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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
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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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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.
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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



32

2. HEALTH EFFECTS

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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