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2. HEALTH EFFECTS

2.1 | NTRODUCTI ON

The primary purpose of this chapter is to provide public health
officials, physicians, toxicologists, and other interested individuals and
groups with an overall perspective of the toxicology of 1,2-dibronmoethane and
a depiction of significant exposure | evels associated with various adverse
health effects. It contains descriptions and eval uati ons of studies and
presents |levels of significant exposure for 1, 2-dibronmoethane based on
t oxi col ogi cal studi es and epi dem ol ogi cal investigations.

2.2 DI SCUSSI ON OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To hel p public health professionals address the needs of persons living
or working near hazardous waste sites, the information in this section is
organi zed first by route of exposure--inhalation, oral, and dermal --and then
by health effect--death, system c, inmunol ogical, neurol ogical, devel opnental
reproductive, genotoxic, and carcinogenic effects. These data are di scussed
interns of three exposure periods --acute (less than 15 days), internedi ate
(15- 364 days), and chronic (365 days or nore).

Level s of significant exposure for each route and duration are presented
in tables and illustrated in figures. The points in the figures showi ng no-observed-
adverse-effect | evels (NOAELs) or | owest-observed-adverse-effect
| evel s (LOAELs) reflect the actual doses (levels of exposure) used in the
studi es. LOAELs have been classified into "less serious" or "serious"
effects. These distinctions are intended to help the users of the docunment
identify the levels of exposure at which adverse health effects start to
appear. They should al so help to deterni ne whether or not the effects vary
wi th dose and/or duration, and place into perspective the possible
significance of these effects to hunan health.

The significance of the exposure | evels shown in the tables and figures
may differ depending on the user's perspective. For exanple, physicians
concerned with the interpretation of clinical findings in exposed persons may
be interested in levels of exposure associated with "serious" effects. Public
health officials and project managers concerned with appropriate actions to
take at hazardous waste sites nay want information on |evels of exposure
associ ated with nore subtle effects in humans or animals (LOAEL) or exposure
| evel s bel ow which no adverse effects (NOAEL) have been observed. Estinmates
of levels posing minimal risk to humans (M nimal Risk Levels, MRLs) may be of
interest to health professionals and citizens alike.

Level s of exposure associated with the carcinogenic effects of
1, 2-di bronoet hane are indicated in Figures 2-1 and 2-2. Because cancer
ef fects could occur at | ower exposure levels, the figures also show a range
for the upper bound of estimated excess risks, ranging froma risk of one in
10, 000 to one in 10,000,000 (10m to 10m), as devel oped by EPA
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Esti mates of exposure levels posing mnimal risk to humans (MRLs) have
been made, where data were believed reliable, for the nost sensitive noncancer
ef fect for each exposure duration. MRLs include adjustnents to reflect hunman
variability and to extrapolate fromlaboratory aninal data to humans.

Al t hough net hods have been established to derive these |evels (Barnes et
al . 1988; EPA 1989a), uncertainties are associated with these techni ques.
Furthernore, ATSDR acknow edges additional uncertainties inherent in the
application of the procedures to derive less than lifetine MRLs. As an
exanpl e, acute inhalation MRLs may not be protective for health effects that
are del ayed in devel opnent or are acquired followi ng repeated acute insults,
such as hypersensitivity reactions, asthma, or chronic bronchitis. As these
ki nds of health effects data becone avail abl e and nmet hods to assess |evels 'of
significant hunan exposure inprove, these MRLs will be revised.

2.2.1 Inhal ati on Exposure
2.2.1.1 Death

No studies were | ocated regarding death in humans after inhalation
exposure to 1, 2-di bronoet hane. However, inhal ati on exposure as well as dermal
exposure may have played a role in the deaths of two pesticide workers exposed
to 1, 2-di bronpbet hane. For a discussion of this report by Letz et al. (1984),
see Section 2.2.3.1.

O der studies have established | ethal concentrations of inhalation
exposure to 1, 2-di bronoet hane for experinental animals. Goups of rats were
exposed to 1, 2-di bronoet hane at concentrations of |00-10,000 ppm and durations
of 0.02-16 hours (Rowe et al. 1952). For each exposure concentration tested,
several exposure durations were selected that were expected to enconpass
0% 100% nortality. A total of 40 conbi nati ons of exposure concentrati on and
duration were tested, using a total of 711 rats. Plots were constructed of
concentration versus exposure duration expected to produce 99.99% 50% and
0.01% nortality. Selected points fromthe 50% plot are illustrated in
Figure 2-1 and recorded in Table 2-1

Deaths in rats resulting from singl e-exposure concentration/duration
conbi nati ons expected to produce 50% 90% nortality usually occurred within
24 hours. These deaths were attributed to cardiac or respiratory failure and
were probably a direct effect of 1,2-dibronpethane toxicity. Deaths resulting
from exposure concentration/duration conbi nati ons expected to produce
0.01% 50% nortality occurred as long as 12 days after exposure and were due to
pneurmoni a. The authors attributed pneunonia to 1, 2-dibronoet hane-induced | ung
injury, but this lesion could al so have been due to intercurrent bacterial or
nmycopl asmal pul nonary infection. Rats free of enzootic respiratory infections
were not available in 1952. Mdrre contenporary inhal ation studies of



TABLE 2-1. Levels of Significant Exposure to 1,2-Dibromoethane - Inhalation

LOAEL (effect)

Exposure
Key to frequency/ NOAEL Less serious Serious
figure® Species duration System (ppm) (ppm) (ppm) Reference
ACUTE EXPOSURE
Death
1 Rat 1d 200 (LCg,) Rowe et al. 1952
12.0 hr
2 Rat 1d 400 (16/25 died) Rowe et al. 1952
2.0 hr .
3 Rat 14 5,000 (9/10 died) Rowe et al. 1952
0.1 hr
4 Rat. 1d 10,000 (LCSO) Rowe et al. 1952
0.05 hr
5 Rat. 9d 100 (3/10 died) Rowe et al. 1952
7hr/d
6 Rabbit 4 d 100 (3/4 died) Rowe et al. 1952
7 hry/d
7 Gn pig 1d 200 Rowe et al. 1952
7hr/d
8 Gn pig 1d 400 Rowe et al. 1952
2hr/d
9 Mouse 10 d 38 (10/17 died) Short et al. 1978
23hr/d
Gdé-15
10 Rat 10 d 80 (LCgy) Short et al. 1978
23hr/d
Gd6-15
Systemic
11 Rat 7 hr Hepatic 50 Rowe et al. 1952
4 hr Hepatic 100 (histopathological

changes)
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TABLE 2-1 (Continued)

LOAEL (effect)

Exposure
Key to frequency/ NOAEL Less serious Serious
figure? Species duration System (ppm) (ppm) (ppm) Reference
12 Rat 7d/9d Resp 100 (leukocyte Rowe et al. 1952
7hr/d infiltration)
Hepatic 100 (cloudy swelling)
Renal 100 (increased weight)
Other 100 (spleen
congestion)
13 Rabbit 4 d Hepatic 100 (fatty Rowe et al. 1952
7hr/d degeneration,
necrosis)
Renal 100
Developmental
14 Rat 10 d : 20 (skeletal Short et al. 1978
23hr/d anomalies)
Gdé-15
15 Mouse 10 d 20 (skeletal Short et al. 1978
23hr/d anomalies)
Gd6-15
INTERMEDIATE EXPOSURE
Death
16 Rat 3 wk 80 (10/50 females Short et al. 1979
7d/wk died)
7hr/d
17 Rat 10 wk 89 (7/33 males died) Short et al. 1979
5d/wk
7hr/d
Systemic
18 Rat 13 wk Resp 3 10 (hyperplasia) Nitschke et al.
5d/wk 1981

¢hr/d

4
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TABLE 2-1 (Continued)

LOAEL (effect)

Exposure
Key to frequency/ NCAEL Less serious Serious
figure? Species duration System (ppm) (ppm) (ppm) Reference
19 Rat, 13 wk Resp 3 15 (hyperplasia} Reznik et al.
5d/wk 1980
6hr/d
20 Rat 13 wk Other 15 75 (vacuolization NTP 1982
5d/wk of cells)
6hr/d
21 Rat 91 4 Hemato 50 Rowe et al. 1952
5d/wk Hepatic 50 (increased weight)
7hr/d Renal 50 (increased weight)
Other 50 (decreased spleen
weight)
22 Rabbit 84 d Hepatic 50 Rowe et al. 1952
5d/wk Renal 50
7hr/d
23 Rabbit 214 d Other 25 Rowe et al. 1952
5d/wk
Thr/d
24 Gn pig 80 d Resp 25 50 (increased weight) Rowe et al. 1952
5d/wk Hepatic 25 50 (fatty
7hr/d degeneration)
Renal 25 50 (tubular
degeneration)
25 Mouse 13 wk Resp 15 75 (megalocytic NTP 1982
5d/wk cells)
6hr/d Derm/oc 15 75 (eye irritation)
26 Monkey 70 d Hepatic 50 (fatty degeneration) Rowe et al. 1952
5d/wk Renal 50 (increased weight)
7hr/d
27 Monkey 220 4 Other 25 Rowe et al. 1952
5d/wk

lhr/d

C
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TABLE 2-1 (Continued)

LOAEL (effect)

Exposure
Key to frequency/ NOAEL Less serious Serious
figure? Species duration System {ppm) {ppm) (ppm) Reference
Reproductive
28 Rat 10 wk 39 89 (infertility) Short et al.
5d/wk 1979
7hr/d
29 Rat 3 wk 39 80 (reduced Short et al.
7d/wk ‘ fertility) 1979
7hr/d
Cancer
30 Mouse 6 mo 20 (CEL, lung tumors) Adkins et al.
5d/wk 1986
6hr/d
CHRONIC EXPOSURE
Death
31 Rat 18 mo 20 (43/48 males Wong et al.
5d/wk died; 37/48 1982
7hr/d females died)
32 Rat 89-104 wk 40 (45/50 males NTP 1982
5d/wk died; 42/50
6hr/d females died)
33 Mouse 79-103 wk 10 (31/50 females NTP 1982
5d/wk died)
6hr/d
Systemic
34 Rat 89-104 wk Renal 10 40 (nephropathy) NTEP 1982
5d/wk Hepatic 10 40 (hepatocellular
6hr/d necrosis)
Other 10 40 (degeneration of

- adrenal cortex)

4
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TABLE 2-1 (Continued)

LOAEL (effect)

Exposure
Key to frequency/ NOAEL Less serious Serious
figure? Species duration System (ppm)} (ppm) (ppm) Reference
35 Rat 18 mo Hemato 20 (splenic atrophy) Wong et al. 1982
5d/wk
7hr/d
36 Mouse 79—103 wk Resp 10 (hyperplasia in NTP 1982
5d/wk . females)
6hr/d Hepatic 40
Other 10 40 (decreased body
: weight)
Reproductive
37 Rat 89-104 wk 10 (testicular NTP 1982
’ 5d/wk degeneration)
6¢hr/d
Cancer
38 Rat 18 mo 20 (CEL, multiple Wong et al. 1982
5d/wk organs)
7hr/d
39 Rat 89-104 wk 10 (CEL, lung tumors, NTP 1982
5d/wk nasal tumors)
6hr/d
40 Mouse 79-103 wk 10 (CEL, lung tumors, NTP 1982
5d/wk hemangiosarcomas)
éhr/d

3The number corresponds to entries in Figure 2-1.

CEL = cancer effect level; d = day; Derm/oc = dermal/ocular; Gd = gestation day; Gn pig = guinea pig; Hemato

= hematological;

hr = hour; LOAEL = lowest-observed-adverse-effect level; LC50 = lethal concentration, 50% kill; mo = month; NOAEL = no-
observed-adverse-effect level; Resp = respiratory; wk = week

C
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FIGURE 2-1 (Continued)
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FIGURE 2-1 (Continued)
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2. HEALTH EFFECTS

1, 2- di br onoet hane using conmercially produced rats (Nitschke et al. 1981; NTP
1982) did not report pneunonic |esions or pneunpnia-related nortality.

As the duration of exposure of the rats increased, the LC, (Iethal
concentration, 50%Kkill) value decreased. Maxi num nonfatal single exposures
for rats were 1.2 minutes at 10,000 ppm 2.4 minutes at 5,000 ppm 6 mnutes
at 3,000 ppm 12 minutes at 1,600 ppm 36 minutes at 400 ppm 2 hours at
200 ppm and 16 hours at 100 ppm the |ongest exposure tested. In other
speci es exposed to 1, 2-di bronoet hane by Rowe et al. (1952), maxi nrum nonfata
si ngl e exposures for guinea pigs were 2 hours at 400 ppmand 7 hours at
200 ppm the | ongest exposure tested.

A group of albino rats heterogenous for weight (range of 190-604 grans)
was exposed In a fum gation chanber to 1,040 ppm of 1, 2-di bronpethane until
death occurred (Akam ne 1952). Cinical signs of toxicity were reddened nasa
nmucous nenbranes, epistaxis, ptyalism anorexia, weight |oss, and weakness.
The | ethal exposure tines ranged fromb5 to 165 m nutes.

Deat hs occurred in pregnant female Crl:CD rats and CD mice exposed to
1, 2-di bronmoet hane for 23 hours per day over a 10-day period. Female rats and
nm ce had increased nortality when exposed to 80 ppm of 1, 2-di bronoet hane while
femal e mice also had significant nortality when exposed to concentrations of
38 ppm 1, 2-di bronpoet hane (Short et al. 1978). Twenty percent nortality
occurred in female Cl:CD rats exposed to 80 ppm 1, 2-di bronoet hane over a
3-week period; nortality did not occur at |ower concentrations of 20 or
39 ppm Male rats exposed to 89 ppm 1, 2-di bronpoet hane over a 10-week period
had 21% nortality but nortality did not occur at |ower concentrations of 19 or
39 ppm (Short et al. 1979). There was no gross necropsy or histopathol ogic
exam nation to establish the cause of death as related to chemical toxicity in
ei ther of these studies, which were focused primarily on devel opnent and
reproducti on.

Rats and mice exposed chronically to 1,2-di bronoet hane by inhal ati on had
high nmortality (NTP 1982; Whng et al. 1982). The mmjority of deaths were
related to cancer rather than direct toxic effects of 1,2-di bronpethane. Both
studi es are di scussed further in Section 2.2.1.8.

The hi ghest NOAEL value and the reliable | ethal concentrations for each
species for the acute-duration category, in rats for the internedi ate-duration
category and in rats and nmice for the chronic-duration/category are recorded
in Table 2-1 and plotted in Figure 2-1

2.2.1.2 Systenic Effects
The hi ghest NOAEL val ues and all reliable LOAEL val ues for systenic

effects in each species and duration category are recorded in Table 2-1 and
plotted in Figure 2-I
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No studies were | ocated regardi ng cardi ovascul ar, gastrointestinal, or
nuscul oskel etal effects in humans or aninmals after inhalation exposure to
1, 2- di br onpet hane.

Respiratory Effects. The respiratory tract, particularly the nasa
cavity, is the point-of-contact target organ affected by inhal ation of
1, 2- di br onoet hane.

A possi bl e case of chronic intoxication by 1,2-di bronpet hane occurred in
a worker involved in 1,2-di bronpet hane production (Kochmann 1928). Synptons
wer e nonspecific. Upper respiratory synptons consisted of pharyngitis and
bronchitis; other synptons were |ynphadenopat hy, conjunctivitis, anorexia,
headache, and depression. The worker's condition inproved upon cessation of
exposure. No other studies were located regarding respiratory effects in
humans after inhalation exposure to 1, 2-di bronpet hane.

Rats were exposed repeatedly to inhalation of 1,2-dibronpethane (Rowe et
al. 1952). O 10 fermale rats exposed to 100 ppm of 1, 2-di bronpet hane over a
9-day period, 30%did not survive. Survivors had increased |ung weights and
i ncreased nunber of | eukocytes in pul monary septa. There was no description
of nasal lesions; therefore, it is likely that the nasal cavity was not
exam ned microscopical ly.

There have been several subchronic studies of 1,2-dibronpethane. In
one, rats and guinea pigs were exposed to 50 ppm of 1, 2-di bronoethane daily
for as many as 63 (rats) or 57 (guinea pigs) exposures (Rowe et al. 1952).
Experinental findings were conplicated by upper respiratory infection and
pneunoni a.

To determ ne doses to be used in chronic inhalation studies, F344 rats
and B6C3F, nice of both sexes were exposed to O, 3, 15, or 75 ppm
1, 2-di bronoet hane for 13 weeks (NTP 1982; Reznik et al. 1980). Lesions
occurred in respiratory turbinates in the dorsal portion of the nasal cavity
of rats and nmice exposed to 75 ppm Respiratory epitheliumwas affected with
cytonegaly of basal cells, focal hyperplasia, loss of cilia, and squanobus
net apl asi a. Rats exposed to 15 ppm 1, 2-di bronpet hane had simlar |esions but
at lower incidence and with | ess severity; mce exposed to 15 ppm had no nasa
| esions. Lung | esions were not described for rats; mce exposed to 75 ppm
devel oped negal ocytic bronchiolar epithelial cells (NTP 1982).

A study was conducted to examne proliferative nasal epithelial |esions
in F344 rats foll owi ng subchronic inhalation of 1,2-di bronoethane at
concentrations of 0, 3, 10, or 40 ppm (N tschke et al. 1981). The study
i ncorporated serial sacrifices and sacrifices after an 88-89-day postexposure
period. Rats in the md- and hi gh-dose groups had hyperpl asia of nasa
turbinate epithelium rats at the highest dose al so exhi bited nonkeratinizing
squanmpbus netapl asia of respiratory epitheliumof the nasal turbinates.
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Lesions in both dose groups reverted to normal after the postexposure
interval. Although lesions did not progress and were essentially reversible
during the recovery period, it is possible that such effects could progress in
severity and result in neoplasia follow ng | ong-terminhal ati on of
1, 2- di br onpet hane.

In a chronic inhalation study conducted by NTP (1982), carcinogenic end
points were nasal tunors in rats and mce and pul nonary tunors in mce (see
Section 2.2.1.8). A nonneoplastic |lesion of epithelial hyperplasia occurring
t hroughout the respiratory tract was a prom nent histologic feature in the
1, 2- di br onoet hane- exposed ni ce

Hemat ol ogi cal Effects. No studies were |ocated regardi ng hematol ogi c
effects in humans after inhal ati on exposure to 1, 2-di bronoet hane.
Femal e rats exposed acutely to 100 ppm 1, 2-di bronpoet hane for up to seven
exposures (see Section 2.2.1.1) had splenic congestion and henosi derosis; no
changes in hematopoi etic or |ynphoid el ements were descri bed (Rowe et
al. 1952).

Hemat ol ogi ¢ eval uati on was perforned on Sprague-Dawl ey rats that
recei ved 20 ppm 1, 2-di bronoet hane by i nhal ation and were fed either a control
diet or a diet containing 0.05%disulfiramfor 18 nonths (Wng et al. 1982).
Hemat ol ogi ¢ eval uation of control rats with no exposure to 1, 2-di bronpet hane
was not done. This study is discussed in Section 2.2.1.8. Moribund ani mals
(rmal es and fenal es) that had exposure to the inhalation and dietary regi nens
for 10-12 nonths were eval uated. Rats exposed to 1, 2-di bronoethane and fed '
control diet had hematol ogi c paraneters within normal ranges. Atrophy of the
spleen occurred in nale rats. Both sexes of rats exposed to 1, 2-di bronoet hane
and fed the 0.05%disulfiramdiet had total erythrocyte counts, hematocrit,
and henogl obin values significantly | ower than rats exposed to
1, 2-di bronoet hane and fed the control diet, with fermal es nbost severely
af fected. Both sexes of rats on this latter regi men had splenic atrophy.
Because there was no description of this splenic lesion, It is unclear whether
atrophy referred to decreased extranedul | ary hemat opoi esis in the red pul p,
| ynphoi d depl etion of the white pulp, or both changes.

a

Hepatic Effects. Two workers coll apsed after entering a pesticide
storage tank containing residues of 1,2-di bronoethane (Letz et al. 1984).
Cinical chemstry prior to death for both nen reveal ed acute hepatic failure
along with other synptons of toxicity. As with dermal exposure, inhalation
exposure was al so postulated to play a potentially inmportant role. However,

t he exposure |levels were not quantified.
The iiver is a target organ for toxic effects of 1,2-di bronpethane in
experimental animals follow ng exposure by a variety of routes.
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Acute toxic hepatic effects of 1,2-dibronoethane consisting of
hepat ocel l ul ar cl oudy swelling, centrilobular fatty change, and patchy
necrosis were reported in aninmals after a single inhalation exposure (Rowe et
al . 1952). Repeated inhal ation exposures of rats and rabbits to 100 ppm
1, 2- di bronoet hane i nduced di ffuse hepatocellular cloudy swelling in rats and
centril obul ar hepatocellular fatty change and necrosis in rabbits.

Rats in a subchronic inhalation study exposed to 50 ppm
1, 2-di bronoet hane had intercurrent infectious disease that severely
conplicated experimental results (see the discussion in this section on
Respiratory Effects). No liver lesions were reported in surviving rats (Rowe
et al. 1952). Quinea pigs exposed to 50 ppm 1, 2-di bronoet hane di d not devel op
respiratory disease. Their liver |esions consisted of mnimal centril obul ar
hepatocel lul ar fatty change (Rowe et al. 1952). Liver |esions were not
i nduced in F344 rats or B6C3F, mice follow ng subchronic exposure to any
concentrations of 1,2-dibronoethane used including the highest dose (75 ppm)
(NTP 1982).

In the chronic inhalation bioassay of 1,2-dibronoethane conducted by NTP
(1982) (discussed in Section 2.2.1.8), increased incidence of focal and
centril obul ar hepatocellular necrosis occurred in nmale and femal e F344 rats
exposed to the highest dose (40 ppm of 1,2-di bronpethane. Conpound-rel at ed
degenerative or necrotizing hepatocellular |esions did not occur in B6C3F,
nmce foll owi ng exposure to any concentration used. Liver |esions were not
reported in rats after chronic inhalation exposure to 20 ppm 1, 2-di br onpet hane
with or without 0.05%disulfiramin the diet; however, hepatocellular tunors
(not otherwi se classified) were induced in exposed rats fed dietary disulfiram
(Wong et al. 1982). Also see Section 2.2.1.8.

Renal Effects. The clinical chenmistry prior to death of two nen who
entered a pesticide tank that contained residues of 1,2-dibronoethane reveal ed
acute renal failure (Letz et al. 1984). The exposure |evels were not
reported.

Renal effects have been reported in | aboratory animals. Slight rena
congestion, edema, and cloudy swelling of tubular epithelium(nld and
nonspeci fic [ esions) occurred in rats exposed acutely by inhalation (single
exposure) to toxic concentrations greater than,100 ppm Rats receiving
several 1nhalation exposures to 100 ppm 1, 2-di bronoet hane had el evat ed ki dney
wei ghts but no renal |esions. No evidence of kidney damage occurred in
rabbits on a sonewhat sinmilar exposure regimen (Rowe et al. 1952). Bl ood urea
nitrogen levels were not elevated in either species, indicating that rena
function was not conpromn sed

Rat s exposed subchronically to 50 ppm 1, 2-di br onbet hane had i ncreased
ki dney wei ghts but unrenarkabl e ki dney histology (Rowe et al. 1952). Quinea
pigs simlarly exposed had el evated absolute and rel ative ki dney wei ghts.
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Hi stol ogically, the guinea pig kidneys had slight congestion, edenm, and
tubul ar epithelial degeneration (Rowe et al. 1952). Neither species exposed
to 1, 2-di bronpoet hane had el evated bl ood urea nitrogen | evels.

Renal lesions did not occur in rats or nmce exposed by inhalation to O.
3, 15, or 75 ppmof 1, 2-di bronoethane in a subchronic study to determn ne
concentrations to be used for the chronic inhalation bioassay (NTP 1982).

Renal changes were not reported in rats, guinea pigs, or rabbits exposed
to 25 ppm 1, 2-di bronoet hane over 205-214 days (Rowe et al. 1952). In the NTP
chroni c inhal ation study (NTP 1982), toxic nephropathy (not otherw se
characterized) was present in 4 | owdose (10 ppm) and 28 hi gh-dose (40 ppm
mal e and 8 hi gh-dose fenale F344 rats but was not present in any of the
control animals. Conpound-related renal |esions were not found in B6C3F,

m ce, although ascendi ng suppurative urinary tract infections my have nasked
renal lesions as a result of early nortality and/or pyel onephritis.

Because neopl asti ¢ changes were enphasized in the study of Wng et
al. (1982), (see Section 2.2.1.8), it is unclear whether nonneopl astic |esions
were recogni zed by the investigators.

Dermal / Ccul ar Effects. No studies were |ocated regardi ng dernal or
ocul ar effects in humans after inhalation exposure to 1, 2-dibronoethane:

No studies were | ocated regarding dermal effects in aninals after
i nhal ati on exposure to 1, 2-di bronoet hane.

In the subchronic inhalation study of 1,2-dibronoethane in rodents
conducted by NTP (1982), eye irritation was noted at study conclusion (weeks
12 and 13) in mice receiving the highest concentration (75 ppm.

QO her Systemic Effects. MId nonspecific endocrine | esions were
observed after inhalation exposure to 1, 2-di bronoet hane. After subchronic
exposure to 75 ppm rats had adrenal |esions consisting of swelling and/or
cytopl asmi ¢ vacuolization of cells in the zona fasciculata of the cortex and
thyroid | esions consisting of slight decreases in follicular size.
Degenerative changes in the adrenal cortex occurred at el evated incidence in
fermal e Fischer 344 rats after chronic exposure to 40 ppm 1, 2-di br onpet hane.
This may represent a secondary, stress-related effect because there was poor
survival at this high dose with the majority of rats dying or sacrificed when
nori bund during the study (NTP 1982).

2.2.1.3 I mmunol ogi cal Effects

No studies were | ocated regardi ng i munol ogic effects in humans after
i nhal ati on exposure to 1, 2-di bronoet hane. Lynphoi d neopl asia putatively
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associ ated with exposure of grain mlling workers to various chemcals
i ncluding 1, 2-di bronbet hane i s discussed in Section 2.9.3.

As discussed in Section 2.2.1.2, splenic atrophy occurred in rats
exposed by inhalation to 20 ppm 1, 2-di bronpbet hane and fed diets with or
wi t hout 0.05%di sul firam Wether atrophy referred to | ynphoid or
herat opoi etic tissue was not specified (Wng et al. 1982).

2.2.1.4 Neurological Effects

In an old case report by Kochnann (1928), a worker exposed by inhal ation
during 1, 2-di bronoet hane production had nonspecific neurol ogi c signs of
headache and depression; these signs resolved after cessation of exposure.

Al so, see Section 2.2.1.2,

There are no studies in aninals focusing specifically on the nervous
system In the lethality studies of Rowe et al. (1952) discussed in
Section 2.2.1.1, rats and gui nea pi gs exposed by inhalation to higher
concentrations of 1,2-dibronoethane had central nervous system depression
(exact clinical signs not specified). Brain tissue apparently was not
exam ned hi stol ogically.

2.2.1.5 Devel opnental Effects

No studies were | ocated regardi ng devel opnental effects in humans after
i nhal ati on exposure to 1, 2-di bronoet hane.

1, 2- Di bronoet hane can i nduce devel opnental effects in rodents (Short et
al. 1978, 1979; Smith and Gol dman 1983). The results of these studies
i ndicate that 1, 2-di bronpbethane is nore toxic to pregnant mce than pregnant
rats (Short et al. 1978). It produces maternal toxicity as evidenced by
decreases in food consunption, body weight gain, and survival (Short et
al . 1978, 1979). Devel opnental effects observed include anatom cal and
skel etal defects and reduced survival of fetuses. However, these adverse
devel opnental effects have been observed in aninmals at doses that induce
mat ernal toxicity.

I nhal ati on exposure of pregnant Sprague-Dawley (Crl:CD) rats to
1, 2-di bronmoet hane for 10 days during gestation resulted in significant
reduction in food consunption at 20 ppm weight [oss at 32, 38, and 80 ppm
and 50% nortality at 80 ppm (Short et al. 1978). A significant reduction in
the viability of enmbryos and fetuses was al so evident at 80 ppm Skeleta
anonalies, primarily inconplete ossification, were conmon in the fetuses at
concentrations as | ow as 20 ppm Using the same protocol, the authors
reported sinmilar observations in CD-1 mice, although the maternal effects were
nore pronounced (Short et al. 1978). The maternal nortality was 100%in the
80- ppm exposure group. Reduction in food consunption and nmaternal body wei ght
were noted at concentrations as |ow as 20 ppm Fetotoxic effects consisted of
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significantly increased resorptions and reduced fetal body weight. The

skel etal anomalies, primarily inconplete ossification, observed in fetuses may
have been the result of nal nourishment rather than the direct effect of

1, 2- di br onoet hane-i nduced toxicity. However, the number of fetal nice was
insufficient to draw this concl usion

The reliable LOAEL val ues for devel opnental effects in rats and nice for
the acute-duration category are reported in Table 2-1 and plotted in
Figure 2-1.

2.2.1.6 Reproductive Effects

Ant i spernmat ogeni c effects of 1, 2-di bronoet hane have been observed in
humans occupationally exposed to 1, 2-di bronbethane (Ratcliffe et al. 1987;
Takahashi et al. 1981; Ter Haar 1980). These effects include changes in sperm
vel ocity and count. \Wether or not these effects are associated with reduced
fertility in humans cannot be totally addressed, since the epidem ol ogi c study
(Wong et al. 1979) was not capable of detecting such a sensitive effect.

Al though this study had several linmtations, it indicates a potential for
adverse effects of 1,2-di bronobethane on fertility.

Two types of human studi es have been reported in the literature: one
that assessed fertility differences between groups of workers (Wng et
al. 1979) and others that assessed the potential antispermatogenic effects in
mal e workers (Ratcliffe et al. 1987; Ter Haar 1980). These studi es provi ded
little or equivocal evidence that 1,2-dibronoethane exposure was associ at ed
with adverse fertility or antispernmatogenic effects in exposed workers. Al
studi es | acked sufficient statistical power to detect an association due to
snmal | sanpl e size, inadequate exposure assessnent or histories, inappropriate
control groups, and a general nethodol ogi cal weakness in assessing fertility
status and antispernatogenic effects. Neverthel ess, they do provide sone
i ndi cation of potential adverse effects of 1,2-di bronpethane on fertility and
sperm producti on.

A decrease in male fertility to 49% bel ow expected val ues (significant
at p=0.05) was reported in one of four 1,2-dibronoethane nanufacturing plants
(Wong et al. 1979). After adjustnent for workers who had vasectoni es and one
whose wife had a hysterectony, the reduction in fertility was 29% and no
| onger significant at that |evel.

Cccupati onal exposure to 1, 2-di bronpoet hane has been reported to produce
adverse effects both on spernatogenesis (spermconcentration) and semni na
fluid production (semen volune) in human nmales (Ratcliffe et al. 1987,
Takahashi et al. 1981, Ter Haar 1980).

The study by Ter Haar (1980) exanined the relationship between sperm
count and 1, 2-di bronoet hane exposure of 59 nen enployed at a production plant
for antiknock conpounds in Arkansas. In the | ow exposure group (less than
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0.5 ppm 1, 2-di bronoethane in air), 20% of the individuals had sperm counts
bel ow 40 mllion while 42% of the hi gh-exposure group (between 0.5 and 5 ppm
1, 2-di bronmoet hane in the air) had spermcounts below 40 million. As discussed
by Dobbins (1987), there was no concurrent unexposed control group; sperm
counts were conpared to several published values for the U S. popul ation

Wi le the differences between the | ow and hi gh- exposure groups were
significant, the absence of a control group was a serious defect.

The senen quality of 46 papaya workers with chronic exposure to
1, 2- di br onoet hane was examined (Ratcliffe et al. 1987). These nen were
enpl oyed for an average of 5 years and worked in six plants as sorters,
packers, forklift drivers, and fum gators. The tine-wei ghted average
1, 2- di br onpet hane exposure |evel was estinmated at 0.088 ppm w th peak
exposures as high as 0.226 ppm After adjusting data for several variables,
statistically significant decreases in spermcount, decreases in the
per centages of viable and notile sperm and increases in sperm abnornalities
were evident when conpared with a control popul ati on of unexposed sugar
refinery workers. Chronic exposure to 1, 2-di bronpet hane affected sperm
notility, but not velocity.

A significant reduction in spermcount of agricultural workers was al so
reported in earlier studies by Takahashi et al. (1981). They exam ned sperm
counts, volune, norphology, and nmotility in a snmall sanple of agricultura
workers in Mol okai, Hawaii. Agricultural worker exposure to 1, 2-dibronoethane
could not be estimated. A significant reduction in spermcount occurred in
the workers as conpared to reference controls and to fertile controls.
Confoundi ng factors were additional worker exposure to dibronochl oropropane
and narijuana use.

The direct effect of inhalation exposure to 1, 2-di bronpet hane on
spermat ogenesi s in ani nals has not been studi ed. Nonethel ess, the avail able
data fromanimal studies indicate that the nale reproductive systemin rats is
af fected by exposure to 1, 2-di bronoethane at high doses. In all studies
di scussed bel ow, however, rats had high nortality associated with chemca
toxicity and/or chem cally-induced neoplasia. It is therefore difficult to
attribute effects on the reproductive organs to a direct result of
1, 2-di bronoet hane toxicity. Male Sprague-Daw ey (Crl:CD) rats exposed by
i nhal ation to 1, 2-di bronpet hane at concentrations as high as 89 ppmin air for
10 weeks devel oped atrophy of the testis, epididyms, prostate, and sem na
vesicles (Short et al. 1979). None of the rats fromthe 89-ppm exposure group
were able to inpregnate female rats during a 2-week mating period foll ow ng
term nation of exposure. Mortality and norbidity al so occurred anong rats
exposed at the high concentration. Testicular degeneration and testicul ar
atrophy in dosed F344 rats in NTP's chronic inhalation study (NTP 1982)
occurred in association with spontaneous interstitial cell tunors and
chenmical | y-i nduced nesot heliomas. In the study by Wng et al. (1982),
testicul ar atrophy occurred in Sprague-Dawl ey rats exposed to
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1, 2-di bronmoet hane (20 ppn) in conbination with disulfiramin the diet, a
regimen that resulted in 100% nortality by 14 nonths.

The hi ghest NOAEL and reliable LOAEL val ues for reproductive effects in
rats for internediate durations and a LOAEL val ue for chronic duration are
recorded in Table 2-1 and plotted in Figure 2-1

2.2.1.7 Genotoxic Effects

The incidence of sister chromatid exchange and chronosomal aberrations
in |lynphocytes fromworkers occupationally exposed to 1, 2-di bronpet hane was
i nvestigated by Steenland et al. (1985, 1986). Neither study reveal ed any
genotoxic effect. In a study conducted on workers involved in spraying
1, 2-di bronmoet hane on fallen pine trees, the estinmated average exposure | evel
of 1, 2-di bronpet hane was 0.06 ppm (Steenland et al. 1985). The rates of
sister chromatid exchange nmeasured in vitro in | ynphocytes obtained fromthese
wor kers soon after 1, 2-di bronoet hane exposure were not hi gher than those
observed in | ynphocytes taken fromthe sane individuals before the exposures.
In a subsequent study (Steenland et al. 1986), |ynmphocytes were taken from
60 workers in a papaya processing plant where 1, 2-di bronoet hane was used to
fum gate fruit. The estimted average exposure |evel was 0.088 ppm
1, 2-di bronmoet hane for an average of 5 years. This study did not detect an
increase in the rate of sister chromatid exchange or the frequency of
chronosonal aberrations in vitro in | ynphocytes obtai ned fromthese workers.
1, 2- Di bronoet hane di d not induce dominant-lethal nutations in rats exposed by
i nhal ation to 1, 2-di bronpet hane vapor at exposure | evels as high as 39 ppm
(Short et al. 1979).

O her genotoxicity studies are discussed in Section 2.4.
2.2.1.8 Cancer

There have been two epi dem ol ogi cal studies regardi ng carci nogenic
effects in workers exposed occupationally to 1, 2-di bronpethane, prinarily by
the respiratory route (Ot et al. 1980; Turner and Barry 1979).

Cancer nortality and nortality due to respiratory disease were studied
in 161 mal e enpl oyees exposed to 1, 2-di brombethane in two 1, 2-di bronpet hane
manuf acturing plants located in Texas and Mchigan (Ot et al. 1980). Because
the Texas and M chigan plants ceased operations in 1969 and 1976,
respectively, environnental assessnents were based on existing records and
di scussions with workers fornerly associated with the plants. No
statistically significant increase in deaths was observed when data were
examined in terns of duration of exposure or interval since first exposure.

Al t hough there was an increase in cancer nortality anmong enpl oyees wth nore
than 6 years of exposure to 1,2-di bronoethane in both plants, this increase
was not statistically significant. The authors suggested that the observed

i nci dence of cancer in the study popul ati on was | ower than that which woul d be
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predicted fromani mal studies. They concluded that there was a need for
continued surveillance of the cohort of 161 enpl oyees and an industry-w de
study of nortality anong workers in 1, 2-di bronpet hane manufacturing pl ants.

Al though this study has a nunber of limtations, results of the study neither
confirmnor refute the possibility that 1,2-di brombethane is a hunman
carcinogen. Study linmtations include not controlling for confounding factors
such as snoking, inconplete identification of exposure |evels of

1, 2- di bronoet hane, concomitant exposure of workers to other chemcals, |ack of
a matched control group, and |lack of conpl eteness of report data.

I n anot her epidem ol ogi cal study, the nortality of workers exposed to
1, 2-di bronmoet hane in two manufacturing plants in Britain was eval uated (Turner
and Barry 1979). The manufacturing operation of each plant involved the
extraction of bromne fromsea water and its subsequent reaction with ethyl ene
to form 1, 2-di bronoet hane. Al though the size of the group studied was too
snall to analyze nortality rates on a year-by-year basis, a comparison of
rates was done by grouping person-years of followup into four age ranges over
the period of the study (23 years). No increase in nortality from any cause,
i ncl udi ng neopl asia, was identified in the 1,2-di bronoet hane workers.

Chroni ¢ inhal ati on exposure of rodents to 1, 2-di bronbet hane has been
associ ated with neoplasns in the respiratory tract, as well as in other organ
systenms. Two studi es have exam ned t he carcinogenic potential of
1, 2-di bronmoet hane in rodents after inhalation exposure (NTP 1982; Wng et
al. 1982). There was al so an A strain nouse assay (Adkins et al. 1986).

A chronic inhalation study (18 nonths) in Sprague-Dawley (Crl:CD) rats
exam ned the carcinogenicity of 20 ppm 1, 2-di bronoet hane al one and with
si mul t aneous exposure to 0.05%disulfiramin the diet (Wng et al. 1982).
Mal e rats exposed to 1, 2-di bronoet hane had significantly higher incidences of
spl eni ¢ hemangi osar comas and subcut aneous nesenchynmal tunors. Female rats
exposed to 1, 2-di bronpet hane had significantly higher incidences of splenic
hemangi osarconas and manmary tunors (conbi ned adenoma, fibroadenons,
carci nona, or adenocarcinomg). In both sexes of rats, the conbination of
1, 2-di bronmpet hane and disulfiramresulted in significantly higher incidences
of hepatocel lular tunors (percentage of adenoma or carci noma not identified);
spl eni ¢ hemangi osar coma; ki dney adenona and adenocar ci noma; thyroid follicular
epi thelial adenomm; and henmangi osarcoma of the onmentumor nmesentery. It was
uncl ear whet her henangi osarcoma of the nesentery (omentum and of the |ung.
were primary sites or nmetastatic fromspleen. Female rats had increased
i nci dence of mammary gl and tunors.

Because the nasal cavity of the aninmals was not exani ned histol ogically,
it cannot be determ ned whether nasal cavity tunors were induced. Al so,
because the authors tested animals at only one concentration, the doseresponse
cannot be characterized.
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The carcinogenicity of 1,2-dibronpethane in F344 rats and B6C3F, nice was
exam ned in an inhal ation bioassay (NTP 1982). Doses tested were 0, 10, and
40 ppm study duration was 79-103 weeks. Mrtality related to chemnicallyinduced
mal i gnant tunors and to toxic |esions was high in high-dose rats of
both sexes. Both sexes of rats had significant conpound-related increases in
nasal epithelial tunors. EPA (IRI'S 1991) has derived a unit risk value of.

2.2x10" ng/ m for cancer risk associated with inhal ation exposure to
1, 2-di bronmoet hane fromthis study based on the incidence of nasal tunors in
mal e rats. EPA also estimated that 1, 2-di bronpet hane concentrati ons of

5x10°%, 5x10°% and 5x10° pg/m (6.5x10°, 6.5x10° and 6.5x10" ppn) in air

are associated in humans with excess lifetinme cancer risks of 10", 10° and
10°°, respectively. These val ues correspond to 1 excess cancer death in

10, 000, 100,000, or 1 million persons exposed continuously for their lifetine
(estinated as 70 years) to these respective |evels of 1, 2-di bronpethane by

i nhal ation. These estimated concentrations associated with cancer risk were
converted into ppmand plotted in Figure 2-1

Exposed rats al so had el evated inci dences of splenic hemangi osar comas
(both sexes), nesothelioma of the tunica vaginalis (nmales), pul monary
al veol ar/ bronchi ol ar adenonma or carcinoma (femal es), and fibroadenona of the
mamary gl and (femal es).

Exposed fenale m ce had significant conpound-rel ated increases in nasal
carcinonas (NTP 1982; Stinson et al. 1981). The incidences of conbi ned
al veol ar/ bronchi ol ar carci noma and adenoma were significantly increased in the
| ungs of high-dose nale and female mce as conpared with control animals. In
addition to these tunors, adenomatous pol yps were present in tracheal
bronchi al, and bronchi ol ar | umens (NTP 1982).

There was a statistically significant conpound-related increase in
i nci dence of several other tunmors in fenmale m ce: henangi osarcoma of the
abdom nal retroperitoneum particularly involving the area of the ovari es,
uterus, kidneys, and adrenal; subcutaneous fibrosarconmas; and mamary
adenocarci noma (NTP 1982). A limtation of the study was poor survival in
mal e mce from ascendi ng suppurative urinary tract 1nfections.

A/J strain mice exposed by inhalation to 20 and 50 ppm 1, 2-di br onoet hane
for 6 nonths had a significant increase in the frequency and incidence of
al veol ar - bronchi ol ar adenonmas (Adkins et al. 1986).

In summary, two epi dem ol ogi cal studies have not identified an increased
ri sk of cancer in people occupationally exposed by inhalation to
1, 2-di bronoet hane. I n experinental animls exposed by the inhalation route,
1, 2-di bronoet hane is a potent carcinogen, produci ng cancer at the point-of-contact--
the upper respiratory tract--as well as in nunerous organs and
ti ssues throughout the body.
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2.2.2 Oral Exposure
2.2.2.1 Death

There are two case reports of death in humans foll ow ng oral
adm ni stration of 1,2-dibronoethane in suicide attenpts.

A white 43-year-old fenmale died 54 hours after ingestion of 9 "Fum soil"
capsul es each containing 4.5 nL 1, 2-di bronpet hane (140 ng/ kg/ day) (d nstead
1960). dinical signs prior to death were enesis, diarrhea, oliguria
progressing to anuria, tachypnea, and agitation. Pathologic findings were in
liver and ki dney. The liver had extensive centril obul ar hepatocel | ul ar
necrosis with sinusoidal dilatation and a ninimal cellular reaction. The
ki dney had patchy areas of either acute tubular necrosis or autolysis, mld
cytopl asm c vacuolization of proxinmal cortical tubules, and protei naceous
casts in tubules near the cortico-nedullary junction

I ngestion of one anpul e of conmercial 1,2-dibronoethane occurred in six
addi ti onal human cases of attenpted suicide (Saraswat et al. 1986). The
patients were all teenagers or young adults; two out of six died. One female
patient was admitted in a noribund condition and di ed approxi mately 36 hours
after adm ssion. Pathol ogic findings were oropharyngeal ulceration, gastric
nucosal erosions, nassive hepatocellular necrosis, icterus, and renal |esions
(henorrhage, tubular swelling, and occasional necrosis). A second fenmal e was
admtted with nausea, enesis, and a burning sensation in her throat. She
becanme hypot ensi ve, unconsci ous, and di ed approxi mately 15 hours after
admi ssion. Pathol ogic findi ngs were oropharyngeal ulcers, gastric hyperem a
and centril obul ar hepatocel | ul ar necrosis. Four other patients who survived
after ingesting 1, 2-di bronpbet hane (three fenale, one nmale) had nausea and
emesi s and three out of four had |abial and oral erosions and ul cers.

In a study using |arge donestic ani mals because of concern over soi
nemat oci de residues in treated forage, 1,2-dibronoethane was admi ni st ered
orally in a gelatin capsule to a small nunber of animals (Schlinke 1969).

1, 2- Di bronmoet hane at 50 ng/ kg body wei ght caused nortality in one calf, while
one cal f given 25 ng/ kg body wei ght and one calf given 10 ng/ kg body wei ght
survived. Sheep were similarly treated; one given 50 ng/ kg body wei ght died,
one out of two given 25 ng/kg died, and one given 10 ng/ kg survived.
Interpretation of these studies was conplicated by use of a rum nant species,
a very small nunber of animals, and | ack of necropsy data.

Si ngl e-dose oral LD,, values in rats, guinea pigs, rabbits, and nice were
determ ned by Rowe et al. (1952) in a gavage study using 1, 2-di bronoethane in
olive oil. Al reliable LD,, values (lethal dose, 50%kill) for each species
for the acute-duration category are recorded in Table 2-2 and plotted in



TABLE 2-2. Levels of Significant Exposure to 1,2-Dibromoethane - Oral

LOAEL (effect)

Exposure
Key to frequency/ NOAEL Less serious Serious
figure? Species  Route duration System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
ACUTE EXPOSURE
Death
1 Rat (GO) 1d 117 (LD50; ferale) Rowe et al. 1952
1x/d
2 Rat (GO) 1d 146 (LDSO; males) Rowe et al. 1952
1x/d
3 Rabbit (GO) 1d 55 (LDSO; female) Rowe et al. 1952
1x/d
4 Gn pig (GO) 1d 110  (LDgy) Rowe et al. 1952
1x/d
5 Mouse (GO) 1d 420 (LDSO; female) Rowe et al. 1952
1x/d
Systemic
6 Rat (GO) 1d Hepatic 100 Short et al.
1x/d Renal 100 1979
7 Rat (GO) 1d Hepatic 110 (necrosis) Broda et al.
ix/d . 1976
8 Rat (G) 2 wk Gastro 40 - 80 (forestomach cell Ghanayem et al.
5d/wk proliferation and 1986
hyperkeratosis)
9 Rat (G0) 1d Hepatic 107 (fat degeneration) Botti et al.
1986

1x/d
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TABLE 2-2 (Continued)

LOAEL (effect)

Exposure
Key to frequency/ NOAEL Less serious Serious
figure? Species Route duratijion System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
Reproductive
10 Rat (GO)y 5d 30 Teramoto et al.
1x/d 1980
11 Mouse (GO) 5d 150 Teramoto et al.
ix/d 1980
INTERMEDIATE EXPOSURE
Reproductive
12 Bull (C) 20 d 4 (transient sperm Amir 1975
1x/2d anomalies)
13 Bull (GO) 20 d 4 (transient sperm Amir et al. 1977
1x/2d anomalies)
CHRONIC EXPOSURE
Cancer
14 Rat (GO) 49-61 wk 38 (CEL; stomach tumor NCI 1978
5d/wk male)
ix/d 37 (CEL; stomach tumor
female)
15 Mouse (W) 15-18 mo 103 (CEL, forestomach Van Duuren et
7d/wk tumor female) al. 1985
1x/d
116 (CEL, forestomach
tumor male)
16 Mouse (W) 18 mo 50 (CEL, gastrointes- Van Duuren et
7d/wk tinal tumors male) al. 1986

24h/d
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TABLE 2-2 (Continued)

LOAEL (effect)

Exposure
Key to frequency/ NOAEL Less serious Serious
figure? Species Route duration System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
17 Mouse (GO) 53-78 wk 62 (CEL, forestomach, NCI 1978
5d/wk lung tumors)
1x/d

2The number corresponds to entries in Figure 2-2.

(C) = capsule; CEL = cancer effect level; CNS = central nervous system; d = day; (G) = gavage; Gastro = gastrointestinal; Gn

pig = guinea pig; (GO) = oral by gavage; LOAEL = lowest-observed-adverse-effect level; LDg, = lethal dose, 50% kill;
mo = month; NOAEL = no-observed-adverse-effect level; (W) = water; wk = week; (x) = times.
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FIGURE 2-2. Levels of Significant Exposure to 1,2-Dibromoethane - Oral
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2.2.2.2 Systenic Effects

No studies were | ocated regarding respiratory, cardi ovascul ar
hemat ol ogi cal , nuscul oskel etal, or dermal/ocular effects in hunans or aninmals
after oral exposure to 1, 2-dibronoethane.

The highest NOAEL and all reliable LOAEL values for systemic effects in
each species and duration category are recorded in Table 2-2 and plotted in
Fi gure 2-2.

Gastrointestinal Effects. Oral and/or pharyngeal ulceration occurred in
five out of six humans who ingested conmmercial 1, 2-di bronpet hane anpul es
(Saraswat et al. 1986). This report was discussed in detail in
Section 2.2.2.1.

Because 1, 2-di bronpet hane gi ven chronically by gavage induced a high
i nci dence of squamous cell tunmors of the forestomach of rodents, a short-term
study was conducted to identify forestomach |esions follow ng 2-week repeated
gavage adm nistration of 40 or 80 ng/kg/day 1, 2-di bromoethane to F344 rats
(Ghanayem et al. 1986). A significant increase in forestonmach nucosal cel
proliferation and hyperkeratosis occurred in rats exposed to 80 ng/kg/ day.
These proliferative | esions, which in thensel ves are not preneoplastic, could
suggest the potential for devel opnment of neoplastic |esions. The authors
concl uded that forestomach nucosal hyperplasia resulting fromchronic gavage
of 1, 2-di bronoet hane may provide a favorable environment for tunor
devel opnent.

Nonneopl astic proliferative | esions of the forestonmach were observed i.n
hi gh- dose Gsborne- Mendel rats in the chronic gavage study of 1,2-di bronoethane
conducted by the National Cancer Institute (NCI 1978). These consisted of
acant hosi s and hyperkeratosis of forestomach squanous epithelium Sinilar
| esi ons occurred in high-dose B6C3F, mice. These dose |evels are not plotted
and recorded in Figure 2-2 and Table 2-2, respectively, since these doses al so
caused forestonmach squanmous cell tunors.

Hepatic Effects. Severe liver necrosis occurred in three humans who
i ngested commercial 1, 2-di bronmbethane in order to conmit suicide (A nstead
1960; Saraswat et al. 1986). Necrosis was nassive in one of these
i ndividuals; the other two had centril obul ar hepatocel |l ul ar necrosis.

1, 2- Di bronmoet hane is considered to be a weak hepatotoxin in animals.
Hepat ocel lul ar fatty change (degeneration) is one of the comobn lesions in
experinmental aninmals associated with acute oral exposure to 1,2-dibronpethane
(Botti et al. 1986). Wen admnistered to rats by gavage at a dosage of
110 ng/ kg/ day, this lesion is corroborated by an increase in liver
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triglyceride levels that begins within 8 hours of treatnment (Nachtom and
Al umot  1972).

Using light microscopy, Broda et al. (1976) did not observe
hepatocel lul ar fatty change in livers of rats exposed by gavage to 110 ng/ kg
1, 2-di bronmoet hane in olive oil. Rats devel oped centril obular dilatation
within 8 hours after exposure, hepatocellular degeneration within 17 hours
after exposure, and frank centril obul ar necrosis 22 hours after
1, 2- di br onoet hane exposur e.

Fol | owi ng gavage admi nistration of 107 ng/ kg 1, 2-di bronoethane to rats,
1, 2- di bronoet hane depl eted both cytosolic and m tochondrial gl utathione;
ultrastructurally, some nitochondria had abnormal shapes (Botti et al. 1986).
When rats were pretreated 30 nminutes prior to 1, 2-di bronbet hane adm ni stration
with diethyl mal eate, a cytoplasm ¢ gl utathione-depl eti ng agent, hepatocytes
had generalized vacuolization due to mitochondria with severe ultrastructura
abnormalities and swelling. These findings denonstrated the inportance of
gl utat hione in nmaintenance of mtochondrial menbrane integrity. Wth reduced
gl utat hi one | evel s and the conconitant formation of glutathione disulfides,
the mtochondrial nmenbrane becane altered and perneable to calciumions (Bott
et al. 1986).

Li ver was not exam ned histologically in the subchronic study used to
set concentrations for the NCI chronic gavage bi oassay of 1, 2-di bronoet hane
(NCl 1978). In the NCI (1978) gavage bioassay (discussed in detail in Section
2.2.2.8), a nonneoplastic hepatic lesion, peliosis hepatis, occurred in a
smal | nunber of treated male and femal e Osborne-Mendel rats and had an
equi vocal relationship to 1,2-di bronoethane exposure.

Renal Effects. Renal |esions have been reported in humans dying acutely
after acute oral exposure to 1,2-di bronoethane. In the case report by
A nstead (1960), the patient's kidneys had equivocal necrotizing tubul ar
| esi ons, proxinmal convol uted tubul ar cytopl asm c vacuoli zation, and
protei naceous casts in tubules near the corticonedullary junction. In the
report of Saraswat et al. (1986), one of two fatalities had renal henorrhage,
tubul ar swelling, and occasional necrotic tubular cells.

Cell proliferation, predominantly in the proxinmal tubules, occurred in
Wstar rats following a single oral dose of 100 ng/ kg 1, 2-di bronpet hane in
corn oil. Mtotic activity peaked at 30 hours. Lack of any histol ogic
evi dence of tubular necrosis between 8-48 hours after treatnent indicates that
such proliferation was not a regenerative response (Ledda-Col unbano et
al. 1987h).

Toxi ¢ nephropat hy of the type seen after inhalation exposure of rats
(see Section 2.2.1.2) was not identified in rats or mice in the NCl (1978)
gavage bi oassay of 1, 2-di bronpet hane.
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O her Systemic Effects. Endocrine lesions related to 1, 2-di bronoet hane
exposure were reported in the NCl (1978) gavage bi oassay. These consisted of
adrenal cortical cell degeneration in a snall number of exposed male and
fermal e Gsborne-Mendel rats. The possibility exists that this adrenal change
represents a secondary (stress-related) effect rather than a primary effect of
1, 2- di br onoet hane exposure.

2.2.2.3 I mmunol ogi cal Effects

No studies were | ocated regardi ng i mmunol ogic effects in humans or
animal s after oral exposure to 1, 2-dibronoethane.

2.2.2.4 Neurological Effects

No clinical signs specific to primary neurol ogic effects were descri bed
in humans followi ng ingestion of 1,2-dibronpethane (Saraswat et al. 1986) (see
Section 2.2.2.1). One of the patients who becane unconscious and di ed after
i ngestion of 1,2-dibronoethane had nonspecific brain | esions--neningea
congestion and interstitial cortical edema. OF the four patients who
survived, three had synptons of confusion upon admi ssion although they were
consci ous.

Sheep and cal ves dying after toxic oral doses of 1, 2-dibronoethane
(Schlinke 1969) had nonspecific clinical signs of stiffness, prostration, and
anor exi a.

2.2.2.5 Developnental Effects

No studies were | ocated regardi ng devel opnental effects in humans and
animal s after oral exposure to 1, 2-dibronoethane.

2.2.2.6 Reproductive Effects

No studies were | ocated regarding reproductive effects in hunans,
al t hough oral exposure via drinking water and contam nated food has been
docunmented in the literature.

Reproductive effects fromoral exposure to 1,2-di bronoet hane have been
investigated in various animals including bulls, rats, and mce over
i ntermedi ate and chroni c exposure durations (Amir 1973; Amir and Ben-David
1973; Amir and Lavon 1976; Amir and Vol cani 1965; Amir et al. 1983; NCI 1978).
These studies indicate species differences in spermdamage resulting from
exposure to 1, 2-di bronoet hane.

A high percentage (up to 79% of abnornal spernmatozoa in bull ejacul ates
was reported as early as two weeks following oral administration of 10 doses
of 4 mg/ kg 1, 2-di bronpet hane on alternate days (Anmir and Ben-David 1973).
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Radi oactivity (°H or "C 1, 2-di bronpet hane) was detected in spermatozoa

coll ected approximately 1 week following the initial oral dose (Amr 1973).
These results indicate that 1,2-di bronoethane exerts spermnicidal action during
t he process of sperm ogenesis and sperm naturation. This concl usion was
supported by the evidence that the percentage of sperm abnormalities was

hi ghest when little 1, 2-di bronpbethane radi oactivity could be detected in
sperm |In addition, reduction in spermconcentrati on was nore pronounced in
adult bulls than in young bulls, and the period of recovery was |onger in
adult animals (Amir 1975). In another study, bulls were fed 2 ny/kg/day

1, 2-di bronmoet hane for 12 nmonths followed by 4 ng/ kg 1, 2-di bronoet hane every
other day ,until they reached the age of 14-16 nonths. The senen sanpl es
exam ned reveal ed | ow spermdensity, structural abnormalities, and | ow
nmobility (Amr and Vol cani 1965). Sperm production returned to normal as
early as 10 days postexposure (Amr and Lavon 1976; Amir et al. 1977).

In the chronic gavage study of 1, 2-di bronoethane conducted by NC
(1978), high-dose mal e Gsborne-Mendel rats and B6C3F, ni ce devel oped
testicul ar atrophy. Because study ani mals had hi gh conpound- and gavagerel at ed
nortality and early onset of forestonmach squanmous cell carcinomas, it
is difficult to determine fromthese results whether testicular atrophy
(degeneration) was a primary (conmpound-induced) or secondary (nonspecific)
event.

The hi ghest NOAEL val ues for reproductive effects in rats and mice for
acute exposure duration and a reliable LOAEL in bulls for the internediate-duration
category are recorded in Table 2-2 and plotted in Figure 2-2.

2.2.2.7 Genotoxic Effects

No studi es were | ocated regardi ng genotoxic effects in hunans after ora
exposure to 1, 2-di bronoet hane. Repeated oral administration of
1, 2-di bronmoet hane to rats at 100 ng/ kg/day (Epstein et al. 1972) and to mce
at doses as high as 150 ng/kg/day (Teranoto et al. 1980) did not induce
domi nant lethal nutations. Fermales mated to these nales did not show a
significant increase in the nunber of dead inplants, indicating a | ack of
genotoxic effect. Liver and spermcells fromrats gavaged once with
1, 2- di bronoet hane at doses ranging from 10 to 100 ng/ kg were not found to have
hi gher rates of unschedul ed DNA synthesis than those fromuntreated rats
(Working et al. 1986). In contrast, oral admnistration of approxinmately
3 ng/kg to rats resulted in the formati on of DNA adducts in all tissues
exam ned (kidney, liver, spleen, intestine, stomach, testes, heart, brain, and
nuscle, listed in decreasing order of anount detected) (Hill et al. 1978).
1, 2- Di br onoet hane i nduced DNA danmage in rat liver cells when administered as a
singl e dose by gavage at doses ranging from 75-220 ng/ kg (Nachtoni and Sarna
1977). Hepatocellul ar DNA danage caused at the 75-ng/ kg dose |evel was
conpletely repaired 96 hours after adm nistration

Q her genotoxicity studies are discussed in Section 2.4.
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2.2.2.8 Cancer

No studies were | ocated regardi ng carci nogenic effects in humans
foll owi ng oral exposure to 1, 2-di bronoethane.

The rat liver foci assay is a short-termin vivo test to predict
carci nogenic potential of a chemical. In this assay, 1,2-dibronoethane has
both initiating and pronoting activity, which correlates well with its
carcinogenic effects in animals.

1, 2- Di bronoet hane was admi nistered orally in corn oil to Sprague- Dawl ey
rats in doses up to 120 ng/ kg body weight in an initiation protocol that
i ncluded partial hepatectony (MIlks et al. 1982). This treatnent did not

cause an increase in y-glutanyl transpepti dase (GGI) positive foci after

2 nont hs. Wen 1, 2-di bronoet hane was orally adm nistered in corn oil at doses
of 10 or 30 ng/kg in a pronotion protocol with N nitrosodiethyl anine as an
initiator, there was a significant increase in production of GGI positive foc
after 2 nonths. Based on their results, the authors specul ated t hat

1, 2- di bronoet hane had epi genetic (pronoter) activity, which could contribute
to the conpound's carcinogenic effect. Pronotion effects may have been

rel ated to hepatocellular nitogenesis. Such a pronotional effect was not

det ected when 1, 2-di br onoet hane was used to i nduce hepatocel |l ul ar mtogenesis
in the absence of partial hepatectony following initiation by

di et hyl ni trosam ne (Ledda- Col wnbano et al. 1987a).

In another liver foci study using Sprague-Dawl ey (Crl:CD) rats,
1, 2-di bronmoet hane in corn oil given by gavage was used as an initiator. Two
dose regi nens were used: 75 ng/kg 1, 2-di bronoet hane at 0 and 24 hours or corn
oil at 0 hours and 75 ng/ kg 1, 2-di bronoet hane at 24 hours. Partia
hepat ect om es and phenobarbital in drinking water also were part of the
protocol. Wth this system at 16 nonths, 1,2-dibronoethane-exposed rats had
i ncreased nunbers of foci of hepatic cellular alteration. Rats that received
the two doses of 1, 2-dibronoethane had increased nunbers of nodul es on
hemat oxyl in and eosi n-stai ned sections as well as increased nunber and size of
GGT positive foci (Mslen 1984). These results indicate that
1, 2- di br onoet hane can act as an initiator

Oral exposure of rodents to 1, 2-di bronoethane either via gavage or
drinki ng water has resulted in neoplasns of the forestomach and ot her organs.

The carcinogenicity of 1,2-di bronoethane by the oral route has been
exam ned in a chronic bioassay conducted by NCI (1978). The chem cal was
adm ni stered by gavage in corn oil to rats and mice. Because of dose
adj ustments during the study, doses were expressed as tine-wei ghted average
(TWA) as follows: high doses for rats were 41 ng/ kg/ day (nal es) and
39 ng/ kg/ day (fenmles); |ow doses for rats were 38 ng/ kg/day (nales) and
37 ng/ kg/day (femal es); the high dose for nale and fermale m ce was
107 ng/ kg/ day; and the | ow dose for nale and female nice was 62 ng/ kg/ day.
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Under test conditions, 1,2-dibronoethane was carci nogenic to Osborne-
Mendel rats and B6C3F, mice resulting in squanous cell carcinomas of the
forestomach in rats and mce of both sexes and |ung adenonas in nale and
femal e mice. There were also two equivocal endpoints in rats: hepatocellular
tunors in femal es and hemangi osarconas in males. It should be noted that
there were a nunber of problens associated with this study. High nortality as
a result of incorrect determnation of the nmaxi numtol erated dose necessitated
di scontinuation of dosing fromweeks 17 to 30 in the high-dose rats. Periodic
adj ustments of dose were nade for nmale and fermal e mice. There may have been
errors in |aboratory gavage procedures. Finally, the rat and nouse studies
were termnated early. However, these limtations do not dimnish the
concl usion that 1,2-di bronpethane is carcinogenic to rats and nice follow ng
chronic gastric intubation exposure.

EPA (1987a) has derived a qg,* val ue of 85 (ng/ kg/ day) * for cancer risk
associ ated with oral exposure to 1, 2-di bronoethane based on the study by NC
(1978) in rats. IRIS (1991) also estimated that 1,2-di bronoet hane

concentrations of 4x107% 4x10° and 4x10* pg/L (5x10m° 5x107, and 5x10°

ng/ kg/ day) in water are associated in humans with excess |ifetinme cancer risks
of 10, 10°, and 10° respectively. These val ues correspond to 1 excess

cancer death in 10,000, 100,000, or 1 million persons, exposed continuously.
for their lifetine (estimted as 70 years) to these respective |evels of

1, 2- di bronoet hane by ingestion. These estimated concentrati ons associ at ed

wi th cancer risk were converted into ng/kg/day and plotted in Figure 2-2.

There are two drinking water studies of 1,2-dibronoethane that further
support the conclusion that oral exposure to 1, 2-di brompoethane results in
forestomach tunors in mce.

A dose of 103 ng/ kg/day for femal es and 116 ng/ kg/ day for nmal es of
1, 2-di bronmoet hane in drinking water induced squanous cell tunors (primarily
carci nomas) of the forestomach in male and femal e B6C3F, m ce (Van Duuren et
al. 1985). It should be noted that the nale and fenale nice were sacrificed
before the conpletion of the chronic study because of excessive norbidity.
Because only one dose of 1, 2-di bronoethane was used, a dose-response coul d not
be characteri zed.

I n anot her drinking water study, 50 ng/kg/day 1, 2-di bronoet hane was used
as a positive control for a study on humic acids (Van Duuren et al. 1986).
Bot h sexes of B6C3F, mice exposed to 1,2-di bronpoethane had statistically
significant increases in squanous cell tunors of the forestomach: squanous
cell carcinonas in males and papillomas or carcinomas in fenales. Mile
1, 2-di bronoet hane-treated nice al so had a significant increase over control
animals in the incidence of papillom and squanbus carci noma of the esophagus.
Aninmal s were tested at only one dose; therefore, dose-response could not be
characteri zed.
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2.2.3 Dernmal Exposure
2.2.3.1 Death

Two fatal cases of occupational exposure to 1, 2-di bronpet hane were
reported by Letz et al. (1984). A worker collapsed shortly after entering a
pesticide storage tank containing residues of 1,2-di bronpethane; he renai ned
in the tank for 45 minutes. A supervisor attenpting to rescue the worker also
col | apsed and was exposed for 20-30 minutes prior to rescue. Both nmen died 12
and 64 hours after collapse, respectively. The primary route of exposure was
postulated to be dermal, with inhalation also playing a potentially inportant
role. Neither worker had been wearing protective clothing or respirators.

Cinical chemstry prior to death for both nen reveal ed netabolic
aci dosis, acute renal and hepatic failure, skeletal nuscle necrosis, and
danmage to other organ systenms. Autolysis of viscera prevented conplete
characterization of |esions associated with nortality fromthese
1, 2- di br onoet hane exposur es.

Let hal amounts of topically applied 1, 2-di bronoethane were rapidly
absorbed through the intact skin of rabbits. Wen evaporation was prevented
for 24 hours by occlusive dressing, nortality occurred within 4 days (Rowe et
al. 1952).

The reliable LOAEL for death in rabbits fromacute dermal exposure to
1, 2-di bronmoet hane is recorded in Table 2-3.

2.2.3.2 Systenic Effects

No studies were | ocated regardi ng hematol ogic effects in humans or
animal s after dernmal exposure to 1, 2-dibronpet hane.

Respiratory Effects. In the case report of Letz et al. (1984) (see
Section 2.2.3.1), one patient had bilateral pul nonary edenma and cyanosi s at
necropsy. These | esions, however, are nonspecific and can occur with any type
of agonal death. No studies were |located regarding respiratory effects in
animal s after dernmal exposure to 1, 2-dibronpet hane.

Car di ovascul ar Effects. One of the patients described by Letz et al
(1984) (see Section 2.2.3.1) who had a term nal cardiopul nonary arrest had
acute nmyocardial interstitial edena, myocardial inflamation, and G anpositive
sporul ating rods at necropsy. The second patient initially had a



TABLE 2-3. Levels of Significant Exposure to 1,2-Dibromoethane - Dermal

LOAEL (effect)

Exposure
frequency/ NOAEL Less serious Serious
Species duration System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
ACUTE EXPOSURE
Death
Rabbit 24 hr 300 (approximate Rowe et al. 1952
LDSO)
Systemic
Rabbit 24 hr Derm/oc 210 (erythema, Rowe et al. 1952
necrosis)
Neurological
Rabbit 24 hr 210 (CNS depression) Rowe et al. 1952
CHRONIC EXPOSURE
Cancer
Mouse 440-594 d 833 (CEL, lung adenoma) Van Duuren et
3d/wk al. 1979
1x/d

CEL = cancer effect level; CNS = central nervous system; d = day; Derm/oc = dermal/ocular; hr = hour; LDg, =

50% kill; LOAEL = lowest-observed-adverse-effect level; NOAEL = no-observed-adverse-effect level; wk

lethal dose,

C
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normal el ectrocardi ogram but as his renal and hepatic function deteriorated,
eventual |y devel oped supraventricul ar tachycardi a and asystol e.

No studies were | ocated regardi ng cardi ovascul ar effects in aninmals
after dermal exposure to 1, 2-di bronoet hane.

Gastrointestinal Effects. Both patients described by Letz et al. (1984)
(see Section 2.2.3.1) vonmited shortly after renmoval fromthe tank; one
conpl ained of a burning throat. Both patients |ater devel oped di arrhea.

No studies were | ocated regarding gastrointestinal effects in animals
after dermal exposure to 1, 2-di bronpet hane.

Muscul oskel etal Effects. Both patients described by Letz et al. (1984)
(see Section 2.2.3.1) had greatly elevated | evels of serumcreatinine
phosphoki nase after 1, 2-di bronpoet hane exposure; this enzyne increases in the
event of skeletal muscle necrosis. There was no report of skeletal nuscle
bei ng exam ned at necropsy or histologically in either individual

No studi es were | ocated regardi ng nuscul oskel etal effects in aninmals
after dermal exposure to 1, 2-di bronoet hane.

Hepatic Effects. Both patients described by Letz et al. (1984) (see
Section 2.2.3.1) had el evated serum aspartate am notransferase and |l actic
dehydr ogenase, indicating severe hepatic damage. These enzynes were el evated
5 hours after exposure in one man who died 12 hours after exposure and
24 hours after exposure in the second patient who died 64 hours follow ng
exposure. Liver fromthe patient dying first had intrasi nusoi dal nucl ear
fragnentation consistent with Kupffer cell danage; autolysis precluded
exam nation of the second patient's liver.

No studies were | ocated regarding hepatic effects in aninmals after
dermal exposure to 1, 2-di br onpet hane.

Renal Effects. The patient described by Letz et al. (1984) (see Section
2.2.3.1) who lived for 64 hours after exposure to toxic |evels of
1, 2-di bronmoet hane had acute renal failure as evidenced by severe oliguria
24 hours after exposure and abnornal clinical chenistry values (bl ood urea
nitrogen, creatinine, and serumuric acid). Severe netabolic acidosis was
present despite two henodi al ysis procedures.

No studies were | ocated regarding renal effects in aninals after dermm
exposure to 1, 2-di bronoet hane.

Dermal / Ccul ar Effects. Volunteers including the report's author were
exposed topically to liquid froma renote water gauge; this |iquid contained
1, 2-di bronmoet hane as wel |l as other chemicals (Pflesser 1938). Follow up tests
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were formed with 1, 2-di bronoet hane. No dermal changes occurred when the
liquid or 0.5 cc of 1, 2-di bronbethane was applied to uncovered skin. A
burni ng sensation, inflammtion and vesicul ati on occurred when a cloth
dressing saturated with the liquid was applied for 1-2 hours. Skin |esions
resolved with treatnent after 7-13 days.

Eryt hema and blisters devel oped within 24 hours on the trunk and | egs of
a worker exposed to residues of 1,2-dibronbethane in a pesticide tank (Letz et
al. 1984). This patient, inmrediately after rescue, conplained of burning
eyes, but ocular lesions did not devel op.

When rabbits were exposed topically to 1, 2-di bronoethane, all aninals
wi th occl usive dressings, irrespective of concentration, had noderate to
severe cutaneous erythenmm, edema, and necrosis with sloughing (Rowe et
al . 1952). When evaporation was not inhibited, slight erythema but no
addi ti onal damage occurred. Lethality associated with this exposure was
di scussed in Section 2.2.3.1.

Undi l uted 1, 2-di bronoet hane applied topically to rabbit eyes caused
pain, conjunctival irritation, and superficial corneal necrosis. A 10%
solution of 1,2-dibronmoethane in propylene glycol applied topically produced
nore ocul ar damage to rabbit eyes than undiluted 1, 2-di bronpet hane.
Conjunctival irritation and corneal danage were nore pronounced and
persistent. Healing was conplete 2 and 12 days after exposure to the
urdilute? 1, 2- di bronroet hane and the 10% sol ution, respectively (Rowe et
al. 1952).

The LQAEL for dermal effects in rabbits fromacute dermal exposure to
1, 2-di bronmoet hane is recorded in Table 2-3.

2.2.3.3 I mmunol ogi cal Effects

No studies were | ocated regardi ng i munol ogic effects in humans or
animal s after dernmal exposure to 1, 2-di bronoet hane.

2.2.3.4 Neurological Effects

Two mal e workers col |l apsed very shortly after entering a storage tank
that contained toxic 1,2-di bronoethane residues (Letz et al. 1984). After
45 m nutes of exposure prior to rescue, one patient was conatose then becane
conbative and i ncoherent in the anbul ance. One hour | ater, he was |ethargic;
as netabolic acidosis devel oped, he becane seni conatose. \Wen the second
pati ent was rescued fromthe tank after 20-30 mi nutes of exposure; he becane
delirious and conbative. H s neurol ogical synptons then aneliorated until he
devel oped hepatorenal failure.
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In the study of Rowe et al. (1952) discussed in Section 2.2.3.1, rabbits
exposed dermally to 1, 2-di bronoet hane at all dosage | evels had central nervous
system depression (not otherw se specified).

The reliable LOAEL for neurol ogical effects in rabbits fromacute dernal
exposure is recorded in Tible 2-3.

No studies were |ocated regarding the follow ng health effects in humans
or animals after dernal exposure to 1, 2-dibronoethane:

.5 Devel opnental Effects
.6 Reproductive Effects
.7 Genotoxic Effects

NI
NI
W W w

CGenotoxicity studies are discussed in Section 2.4.
2.2.3.8 Cancer

No studies were | ocated regardi ng carci nogenic effects in humans
foll owi ng exposure to 1, 2-di bronoet hane by the dermal route al one. However,
occupati onal exposures to 1,2-di bronoethane are likely to involve dermal as
wel | as respiratory exposure. Two epi dem ol ogi ¢ studi es concerning
occupati onal exposure are discussed in Section 2.2.1.8 and an abstract is
di scussed in Section 2.9.3.

Dernal exposure of nmice to 1,2-dibronoethane has resulted in cutaneous
neopl asns and i ncreased incidences of primary |lung tunors.

Repeat ed topical application of 1,2-dibronoethane (0, 833, or
1,666 ng/kg/day) to Ha:ICR Swiss mice resulted in a statistically significant
increase in skin papillomas at the high dose (Van Duuren et al. 1979). In
addition, the nunmber of mice with distant tunors (lung tunors) was
significantly higher at both doses applied. Because the nice in the study
were housed six to a cage with no restraining collars to prevent |icking the
application site, aspiration to the lungs could have occurred during groom ng
1, 2-Di bronmoet hane did not initiate skin tunors after a single topica
application, even when treatnent by phorbol myristate (a potent tunor
pronoter) followed the dernmal application of 1,2-di bronoethane (Van Duuren et
al. 1979). The cancer effect level causing lung tunors in mce fromchronic
dermal exposure is reported in Table 2-3.
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2.3 TOXI COKI NETI CS
2.3.1 Absorption
2.3.1.1 Inhal ati on Exposure

No studies were located in humans regarding the inhal ation absorption of
1, 2-di bronmoet hane. The available aninal toxicity data (see Section 2.2.1)
i ndi cate that absorption of 1,2-di bronbethane occurs in rats, mce, rabbits,
gui nea pi gs, and nonkeys exposed via inhalation for acute, internediate, and
chronic durations (Rowe et al. 1952; Stott and MKenna 1984). Based on the
findings in aninmal studies, 1,2-dibronoethane is expected to be absorbed in
hurmans exposed via the inhalation route.

2.3.1.2 Oral Exposure

No studies were |ocated in humans regardi ng the oral absorption of
1, 2- di bronoet hane. However, there is evidence to suggest that oral absorption
occurs in humans. Death and poi soning resulting fromsuicide attenpts
(A nstead 1960; Saraswat et al. 1986) and from consunption of contam nated
fruits, grains, and drinking water (EPA 1983), indicate that absorption
occurred.

Upt ake of 1, 2-di bronoethane readily occurs in rats followi ng ora
i ntubation (Botti et al. 1982; Nachtom 1981; Plotnick et al. 1979; Van
Bl aderen et al. 1980). The presence of 1, 2-di bronpoethane residues in the
ki dney, liver, and spleen of rats followi ng ingestion is also evidence of its
absorption (Plotnick et al. 1979). It nay be inferred that uptake fromthe
gastrointestinal tract of rats is extensive, since 73% of a radiol abel ed
'C- 1, 2- di bronpet hane dose was excreted in the urine (Plotnick et al. 1979;
Van Bl aderen et al. 1980) and about 2% was excreted in the feces by
24-48 hours (Plotnick et al. 1979).

2.3.1.3 Dermal Exposure

No studies were | ocated regarding the dernal absorption of
1, 2-di bronoet hane i n hunans. However, two occupational case reports suggest
that dermal absorption of 1,2-dibronpethane was the major route of exposure to
1, 2-di bronmoet hane that resulted in death (Letz et al. 1984). Dermal
absorption does occur in animals but has not been quantified. Absorption of
1, 2- di br onoet hane was denonstrated in gui nea pi gs whose blood | evels were
noni tored during dermal exposure to 1 nL of 1, 2-di bronoethane (Jakobson et
al. 1982). Followi ng dermal application, the blood I evel of 1,2-dibronoethane
i ncreased rapidly, reaching a maxi rum|evel of approximately 2.1 ug/nmL at

1 hour and 1.8 pg/mL at 6 hours.
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The avail abl e data suggest that 1, 2-di bronoethane may be absorbed
dermal | y by humans. Thus, contact with water contam nated with
1, 2-di bronoet hane nay result in absorption

2.3.2 Distribution
2.3.2.1 Inhal ati on Exposure

No studies were |ocated in humans or aninals regarding the distribution
of 1, 2-di bronoet hane after inhal ati on exposure. Although occupational cases
of inhal ati on exposure of hunmans have been reported (Letz et al. 1984), there
were no data on 1, 2-di bronpet hane | evels in tissues.

2.3.2.2 Oal Exposure

No studies were located in humans regarding the distribution of
, 2-di bronpet hane after oral exposure. In humans intentionally ingesting
2-di br onpet hane, kidney |esions and centrilobular necrosis of the liver were
und (d nst ead 1960 Saraswat et al. 1986). This is indirect evidence of
stribution of 1,2- di br omoet hane. The tissue distribution of
1, 2- di bronoet hane has been studied in rats follow ng exposure by the ora
route. Although retention was linited, the kidneys, liver, and spleen appear
to retain the highest anounts of the adm nistered dose (Plotnick et al. 1979)
as illustrated in Table 2-4. Rats received an oral dose of 15 ng/kg/day of
| abel ed 1, 2-di bronmoethane in corn oil. Twenty-four hours |ater 3% of
radi oactivity was detected in fat, brain, kidney, liver, spleen, testes,
bl ood, and plasma, 72.38%in the urine, and 1.65%in the feces (Plotnick et
al. 1979). By 48 hours after adnministration, 73% of the radiol abel ed dose was
accounted for in the urine, 1.1%in the liver, and 2.4%in the feces. Tota
recovery was 77.8% of the adm nistered radi oactivity. 1,2-D bronpethane in
the expired air was not mneasured.

1
11
fo
di

The retention of 1,2-dibronoethane in tissues and body fluids can be
altered by concurrent exposure to nodifiers of enzyne activity, such as
disulfiram (Plotnick et al. 1979). The concentration of radiol abel ed
1, 2-di bromoet hane in the liver, kidneys, spleen, testes, and brain increased
S|gn|f|cantly |n rats fed disulfiramin the diet for 12 days before an ora
dose of 15 nmy ““C- 1, 2- di br onoet hane/ kg conpared with rats not fed disul firam
Disulfiram an i nhi bi tor of P-450 net abol i sm (via acti on on acet al dehyde
dehydr ogenase), was found to increase the uptake of “*Cinto liver nuclei.
These observations correlate well with the results of chronic studies (Wong et
al . 1982) that denonstrated enhanced tunorigenic effects in the liver and
testes foll ow ng conbined 1, 2-di bronoet hane and di sul fi ram exposure.

2.3.2.3 Dermal Exposure

No studies were avail able in humans or animals regarding the
di stribution of 1,2-di bronpethane follow ng dernal exposure. However, toxic
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Male Rats 24 and 48 Hours After a Single Oral Dose of
15 mg/kg [U-14C]-1,2-Dibromoethane?

Distribution of 1*C in Selected Tissues and Body Fluids of

Tissue concentration?

Percentage of

dose®

Tissue 24 Hours 48 Hours 24 Hours 48 Hours
Liver 4,78 + 0.24 2.87 £ 0.33 1.79 £+ 0.07 1.10 + 0.12
Kidneys 3.32 £ 0.42 1.06 £ 0.16 0.21 £ 0.02 0.08 + 0.01
Spleen 1.00 £ 0.03 0.66 = 0.03 0.02 £+ <0.01 0.01 + <0.01
Testes 0.49 £ 0.05 0.19 £ 0.02 0.04 + <0.01 0.01 + <0.01
Brain 0.41 £ 0.04 0.17 £ 0.02 0.02 £ <0.01 0.01 + <0.01
Fatd 0.35 £ 0.04 0.44 = 0.06 0.15 + 0.02 0.20 £ 0.03
Blood® 0.90 £ 0.05 0.64 £ 0.07 0.59 + 0.03 0.43 + 0.04
Plasma 0.46 £ 0.04 0.22 £ 0.02 No data No data
Urine No data No data 72.38 + 0.98% 73.54 + 2.808
Feces No data No data 1.65 + 0.28¢ 2.42 + 0.548
Total No data No data 76.85 77.8
recovery
8Source: Plotnick et al. 1979

PValues represent mean concentration in pg/g or pg/mL (expressed as parent
compound) plus or minus the standard error of the mean of duplicate
determinations on six animals.

‘Values represent the mean percentage of the administered radioactivity plus
or minus the standard error of the mean of duplicate determinations on six

animals.

dAssumed 6% of body weight
®Assumed 9% of body weight

fn = 12 (includes 24-hour samples obtained from rats killed 48 hours after

compound administration)

8Cumulative 48-hour excretion
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effects observed in humans and aninmals after dermal exposure indicate that the
conpound is widely distributed throughout the body.

2.3.2.4 O her Routes of Exposure

Ti ssue distribution of 1,2-di bronoethane follow ng intraperitonea
adm ni stration was studied in mce (Edwards et al. 1970) and gui nea pigs
(Pl otnick and Conner 1976). The kidney, liver, and stomach retained the
hi ghest amounts of the adm nistered 1, 2-di bronoet hane dose across all the
observation periods (see Tables 2-5 and 2-6). Autoradi ographic studies of
mice injected intraperitoneally with *C-1, 2-di bronoet hane (40 ng/ kg) reveal ed
radi oactivity primarily in the intestines, kidneys, liver, blood, fat, and
spleen. Only 1% of the admi ni stered dose (per gram of wet tissue) was
detected in the kidney and in the stomach tissue, 6.2%in whol e bl ood, and
2.6%in plasna 24 hours posttreatnent (Edwards et al. 1970). Followi ng a
single intraperitoneal injection of 30 ng/kg “C 1, 2-di bronoet hane in corn oi
to guinea pigs, the mpjority of the dose was accounted for in the urine
(65.9%, liver (2.16%, and feces (3% by the end of the 72-hour peri od.
Approxi mately 10% 12% of the adm ni stered dose was excreted via the |ungs
(Pl otnick and Conner 1976). Plotnick and Conner (1976) investigated tissue
di stribution of 1,2-dibronoethane in guinea pigs because they found
simlarities in netabolismand biotransformtion pat hways between gui nea pigs
and humans. The authors reported that target organs for tissue distribution
in guinea pigs were the sane as those in rats, although the percentage of dose
recovered was higher in guinea pig tissues.

These results are simlar to those after oral adm nistrati on and suggest
that 1, 2-di bronpethane is rapidly absorbed and distributed but retained to
only alimted extent mainly in the kidneys, liver, and stonach, regardl ess of
the route of exposure and the species tested.

2.3.3 Metabolism

1, 2- Di bronoet hane is netabolized to active forms capabl e of inducing
toxic effects by either of two systens- -the m crosomal nbnooxygenase system
(cytochrome P-450 oxidation) and the cytosolic activation system (gl utathione
conjugation). Figure 2-3 provides an overvi ew of the metabolism of
1, 2-di bronmoet hane by the two systens, The pat hway of biotransformation for
1, 2- di bronoet hane appears to be the controlling factor for its biologica
activity. Two reactive internedi ates, 2-bronpacetal dehyde and S-(2-bronvethyl)
gl utathione, are forned. The 2-bronpacetal dehyde is responsible for
ti ssue danage caused by coval ent binding to cellular nacronol ecul es.
S-(2-bronoet hyl ) gl ut at hi one is responsi ble for 1,2-dibronoethane's proven
genot oxi c effect and, perhaps, its carcinogenic effect observed in |aboratory
animal s. These two systens and their relative inportance are discussed in
detail bel ow.
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TABLE 2-5. Distribution of 1,2-Dibromoethane in Mice?

Percentage of doseP

Organ 1 Hour 3 Hours 24 Hours

Small intestine 34.0 5.8 0.39
Kidney 13.0 12.0 1.0
Liver 12.0 6.6 0.42
Lung 0.9 1.0 0.14
Spleen 4.1 4.7 0.61
Plasma 12.0 12.0 2.6

®Source: Edwards et al. 1970
PIhtraperitoneal injection of 40 mg/kg body weight



TABLE 2-6.
Guinea Pigs at Various Time Intervals Follbwing Intraperitoneal Administration of
30 mg/kg of '*C-1,2-Dibromoethane®:®

Percentage of Administered *C in Selected Tissues and Body Fluids of Male

Organ 4 Hours 8 Hours 12 Hours 24 Hours 48 Hours 72 Hours
Liver 6.29 + 2.42 3.65 + 0.39 0.50 £+ 2.13 4.72 + 0.21 2.12 £ 0.07 2.16 + 0.21
Kidneys 6.00 £ 0.42 5.69 + 0.43 3.31 £ 0.17 1.64 £ 0.45 0.31 £+ 0.01 0.24 + 0.02
Stomach® 1.14 t 0.44 0.52 + 0.20 0.62 £ 0.08 0.18 + 0.02 0.18 + 0.02 0.18 + 0.04
Lungs 0.35 + 0.06 0.38 £ 0.09 0.37 £ 0.01 0.24 £ 0.01 0.12 + 0.01 0.10 + 0.01
Pancreas 0.31 + 0.10 0.36 £ 0.06 0.33 £ 0.02 0.20 £ 0.03 0.07 £+ 0.01 0.06 + 0.01
Testes 0.16 + 0.04 0.17 £+ 0.01 0.12 £ 0.01 0.12 £ 0.01 0.07 + 0.01 0.06 + 0.01
Heart 0.13 £ 0.02 0.16 £ 0.02 0.12 £ 0.01 0.10 £ 0.01 0.04 £ 0.01 0.03 £+ 0.01
Brain 0.12 £ 0.02 0.16 £ 0.02 0.14 £+ 0.01 0.13 # 0.01 0.07 £ 0.01 0.05 £ 0.00
Adrenals 0.08 + 0.02 0.10 £ 0.04 0.04 £ 0.01 0.03 £ 0.01 0.01 + 0.01 0.02 + 0.01
Spleen 0.07 £ 0.01 0.06 £ 0.01 0.07 £ 0.01 0.08 £ 0.02 0.03 £ 0.00 0.02 + 0.01
Urined 14.9 + 1.0 26.3 + 10.1 43.2 + 8.1 46.0 £ 4.8 54.3 + 3.4 65.9 + 4.6
8Source: Plotnick and Conner 1976

PValues represent the mean plus or minus the standard error

determinations on three animals at each time interval.
°Including stomach contents

dCumulative excretion

of the mean of duplicate
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FIGURE 2-3. Proposed Metabolic Pathways for 1,2-Dibromoethane*
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1, 2- Di bronmoet hane is netabolized in various tissues through mcrosona
oxi dation by cytochrone P-450 to form 2-bronpacet al dehyde (Tanmura et al. 1986;
Van Duuren et al. 1985). This netabolite can produce hi stopathol ogi ca
changes such as liver damage, by binding to cellular proteins (H Il et
al. 1978). 2-Bronpacetal dehyde can be netabolized further by al dehyde
dehydr ogenase in the presence of nicotinani de adeni ne di nucl eoti de
dehydr ogenase to 2-bronoet hanol which is highly toxic and causes genotoxicity.
2- Bronpacet al dehyde can al so be netabolized by al dehyde dehydrogenase in the
presence of nicotinam de adeni ne dinucl eotide to bronpacetic acid which is
excreted in the urine. In addition, 2-bronpacetal dehyde can al so be
conjugated with glutathione. The conjugated netabolite is reduced to
S- car boxynet hyl gl ut at hi one. Thi s conpound can form S-car boxynet hyl cyst ei ne
whi ch may be netabolized to thioglycolic acid and excreted in the urine or can

be netabolized to S (pB-hydroxyethyl) cysteine. The latter is excreted in the
urine follow ng action by N-acetyl transferase in the presence of acetyl CoA
enzyne and subsequent sul foxidation to formmercapturic acids (Nachtom et
al . 1966; Van Bl aderen 1983). Mercapturic acids are the primary urinary

nmet abolites of 1, 2-di bronmoethane. Tonasi et al. (1983) denonstrated that

1, 2-di bronmoet hane can forma free radical internediate under a hypoxic

condi tion suggesting a new netabolic pathway for 1,2-dibronoethane.

As shown in Figure 2-3, 1,2-dibronmoethane can be conjugated with
gl ut at hi one through the action of glutathione transferases to form
S-(2-bronoethyl) glutathione (Peterson et al. 1988). This reactive
i nternedi ate can react to form ethylene and gl ut at hi one disul fide through
further action of glutathione transferases. These are detoxification
products. The ethylene is exhal ed, and the glutathione disulfide is
elimnated in the feces via the bile.

S-(2-bronoet hyl ) gl ut at hi one is considered to be the genotoxic, and
probably the carcinogenic, internediate of 1,2-di bronoethane netabolism (Van
Bl aderen et al. 1981). This ion is a highly reactive al kyl ating agent that
can bind to DNA either through direct nucleophilic substitution (Van Bl aderen
1983) or subst|tut|on t hrough t he et hyl ene-S-gl ut at hi onyl -epi sul foniumion to
form S-[2- (N-guanyl ) ethyl ] gl utathione (CQzawa and Guengerich 1983; Koga et
al . 1986; Peterson et al. 1988). A recent study suggests that S—(2 br omoet hyl )
glutathlone is the na|n genotoxic nmetabolite that binds to DNA to form
the compl ex S-[2-(N-guanyl)ethyl]cysteine (Bolt et al. 1986). The ethyl ene-

S- gl ut at hi onyl - epi sul foniumion can also react with water and be detoxified to

form S-(B- hydroxyet hyl ) gl utat hi one, or react with glutathione to form

S, S -ethyl ene-bis-(glutathione). The latter is excreted in the feces via the
bile. S (B-hydroxyethyl)glutathione can form S-(f-hydroxyethyl)-gl utat hione-
S-oxide by sul foxidation or react with peptidases to form

S- (B- hydroxyet hyl )cysteine. The former is excreted in the feces via the bile.
The latter forns S-(B-hydroxyethyl)mercapturic acid by the action of N acetyl
transferase and is excreted in the urine (EPA 1985; Nachtom 1970; Van

Bl aderen 1983).
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In animals, 1,2-dibronoethane is rapidly nmetabolized after ora
admnistration and is converted into mercapturic acid derivatives that appear
inurine (Kirby et al. 1980; Nachtom 1970; Nachtom et al. 1965). The
principal nercapturic acid derivative, N acetyl-S- (2-hydroxyethyl-)L-cysteine,
and other related netabolites are derived fromthe conjugation reaction of
1, 2-di bronmoet hane wi th gl utathione, a nolecule present in nmanmalian cells.
Thi s suggests that the primary pathway of 1, 2-di bronpethane nmetabolism (i.e.
activation and detoxification) In rats is via the mcrosonmal npbnooxygenase
system An in vivo study (Van Duuren et al. 1985) provi des evidence that
m crosonmal oxidation of 1,2-di bronoethane in rodents can produce adducts that
bind preferentially to protein. In a study using tetradeutero-1, 2-di bronpet hane,
only about 20% of the nercapturic acid excreted was forned via direct
gl ut at hi one conjugati on (Van Bl aderen 1983). The reactive netabolites formed
by these two systens may bind to protein (2-bronpacetal dehyde) or DNA (S-[ 2-
br onoet hyl | gl ut at hi one) produci ng either cytotoxicity or genotoxicity,
respectively. Adducts_formed via cytosolic glutathi one conjugation--
identified as S-[2-(N-guanyl)ethyl]glutathione by Ozawa and Guengerich
(1983) - - have been associated with genotoxic, and perhaps carcinogenic, effects
(Van Bl aderen et al. 1982; Wiite et al. 1983). Edwards et al. (1970) also
identified metabolites after oral adm nistration

Evi dence from ani mal bi oassays supports the hypothesis that it is the
cytosolic systemand not the mcrosomal oxidative systemthat is responsible
for the carcinogenicity of 1,2-dibronoethane. Metabolismof 1,2-dibronoethane
by gl ut at hi one conjugation was denonstrated in vitro in rat hepatocytes
(Sundhei mer et al. 1982). In the long-termdrinking water study of Van Duuren
et al. (1985), nice were adm ni stered equi nolar concentrations of
1, 2- di br onoet hane, bronoet hanol, and bronpacet al dehyde. Bronoet hanol and
br ompacet al dehyde, which are m crosonal netabolites of 1,2-dibronoethane, were
far | ess potent carcinogens than 1,2-di bronoethane. The cytosol -i nduced
binding to isolated DNA was 5-10 tines greater than that found in mcrosonma
oxidation in isolated rat hepatocytes. The preferential binding of
1, 2-di bronmoet hane nmetabolites to DNA in tissues of the forestonmach, nasa
nmucosa, oral epithelium and testis of nice and rats denonstrates the ability
of these tissues to netabolize 1,2-dibronoethane by conjugation wth
gl ut at hi one (Kowal ski et al. 1985a; Sipes et al. 1986a; Wersnma and Sipes
1983).

2.3.4 Excretion
2.3.4.1 Inhal ati on Exposure

No studies were located-in humans or aninals regarding the excretion of
1, 2- di bronoet hane after inhal ati on exposure.
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2.3.4.2 Oral Exposure

No studi es were avail able in hunans regardi ng the excretion of
1, 2-di bronoet hane after oral exposure. Oral admnistration of
1, 2-di bromoethane to rats primarily results in nercapturic acid derivatives
excreted in the urine (approximtely 74% of the adm ni stered dose) (Plotnick
et al. 1979) as shown in Table 2-4. Unnetabolized 1, 2-di bronpet hane may be
excreted via the lungs; fecal excretion of netabolites accounts for
approxi nately 3% of the administered dose (Plotnick et al. 1979).

Based on the rapid and extensive netabolismseen in all animals, the
fate of 1, 2-di bronpbethane in humans woul d be expected to be simlar. Seventy
percent of the adm ni stered parent conmpound is excreted in the urine and feces
by 48 hours. The lack of persistence of netabolites in the tissues indicate
that 1, 2-di bronpethane is readily renoved fromthe body. Low | evel exposure
woul d not be expected to result in accunul ation of 1,2-di bronoethane or its
netabolites in human tissue. However, theoretically, acute high-Ievel
exposure nay saturate netabolic pathways and consequently all ow
1, 2-di bronmoet hane to accunmulate in the tissues for a |longer period of tine.

2.3.4.3 Dermal Exposure

No studies were found regarding the excretion of 1,2-di bronpethane in
humans or aninals after dermal exposure.

2.3.4.4 O her Routes of Exposure

Pl ot ni ck and Conner (1976) reported that 10% 12% of a dose is excreted
via the lungs 72 hours after intraperitoneal injection of 30 ng/kg
“C 1, 2-di bronpet hane to guinea pigs. The majority of the dose was accounted
for in the urine (65.9%, liver (2.16%, and feces (3%.

Intraperitoneal admnistration of 37.6, 75, or 113 ng 1, 2-di br onpet hane/
kg/day (0.2, 0.4, or 0.6 mmol/kg) to rats resulted in nmetabolic
bi otransformation into nercapturic acid which was strongly indicative of
saturabl e netabolism (Goyal et al. 1989). Administration of
L- 2- oxot hi azol i di ne-4-carboxylic acid (OTrCA) (4+5 mmol/kg) enhanced
gl utathione availability and increased excretion of urinary mercapturic acid
at the higher doses. These results suggest that OTCA i ncreases the capacity
for detoxification via the glutathione pathway.

2.4 RELEVANCE TO PUBLI C HEALTH

No MRLs were derived for 1,2-di bronpet hane because of a | ack of
guantitative exposure data.

Humans are susceptible to the acute toxic effects of 1,2-dibronoethane
fromvarious routes of exposure. Except for adverse reproductive effects in
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men after occupational exposure, chronic effects of 1,2-dibronoethane exposure
have not been docunented I n humans. Based on data derived from ani nal

studi es, nechani sns of action of 1,2-dibronoethane at a cellular |evel,

t oxi coki netics, and genotoxicity tests, there is a potential for certain
adverse health effects in humans exposed chronically to | ow environnental

| evel s of 1, 2-dibronoethane that could exist near hazardous waste sites or
areas of forner agricultural use.

Clinical signs in hunans and animals related to acute toxic exposure to
1, 2- di bronoet hane are depressi on and col | apse, indicative of neurol ogic
effects, and erythema and necrosis of tissue at the point of contact (oral and
pharyngeal ulcers for ingestion, skin blisters and sl oughing for dernal
Sxposure). Neur ol ogi ¢ signs are not seen in aninals exposed to nonl etha
oses.

Target organs of 1,2-dibronoethane are of two types. The first is the
poi nt of contact with the chemcal, i.e., skin for dermal exposure (hunans and
ani mal s), oropharynx for ingestion (hunans), stomach for gavage adm ni stration
(rodents), and upper respiratory tract for inhalation exposure (humans,
rodents). Although there is little information on toxicity of 1,2-dibronoethane
in hunans after inhalation, the testis was a target organ in exposed
wor kers; the liver and ki dney have been identified as target organs after
dermal and oral exposure in humans. The liver, kidney, and testis are target
organs in experinmental animals irrespective of the exposure route.

Death. 1, 2-Di bronmpet hane can be fatal to humans after oral or derna
exposure. Acute deaths followi ng toxic doses are related to cardiopul nonary
arrest or, if affected individuals survive for a period of tine, to hepatic
and renal failure. These results are supported by animal studies in which
acute death occurred after oral, dermal, and inhal ati on exposure.

Doses that cause acute death in humans and aninals are relatively |arge.
For humans, reports of death follow ng oral exposure were a result of
intentional ingestion of a high concentration of 1,2-dibronoethane. Human
death followi ng dermal and inhal ati on exposure occurred in two acci dental|ly-exposed
workers. It is therefore highly unlikely that there would be a risk
to humans of death under conditions of |owlevel, [ong-term exposure from
cont am nated food or water
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System c Effects

Respiratory Effects. Nonspecific respiratory synptonms were reported in
a worker involved in 1, 2-di bronoet hane production and presumably chronically
exposed by inhal ati on (Kochmann 1928). One of the workers exposed in a
storage tank by dernmal and inhalation routes to 1, 2-dibronoet hane had
bil ateral pul nonary edena, a nonspecific agonal finding, at necropsy (Letz et
al. 1984). Simlar results occurred in rats exposed acutely to toxic
concentrations by inhalation (Rowe et al. 1952). Abnornal respiratory effects
have been wel|l docunented in experinental animals after inhalation exposure;
respiratory effects did not occur after dermal or oral exposure. Many of the
respiratory tract lesions in aninmal inhalation studies consist of
proliferation, particularly in the upper respiratory tract. Animal studies
al so identify the upper respiratory tract as a site for 1, 2-di bronoet hane
bi ndi ng and netabolism These ani mal studies are relevant to humans because
t hey suggest a possibility for adverse effects in the hunan respiratory system
followi ng | owlevel exposure to 1, 2-di bronoethane by inhalation

Car di ovascul ar Effects. Cardiovascul ar effects as term nal events were
reported in patients dying after dernal and inhal ati on exposure to
1, 2- di bronoet hane. One individual also had acute nyocardial |esions (Letz et
al. 1984). Cardiovascul ar effects were not identified in humans who died
after 1, 2-di bronoethane ingestion. These findings in humans were not
supported by studies in experinental aninmals exposed by inhalation, oral, or
dermal routes. It is unlikely that humans exposed to | ow | evel s of
1, 2-di bronmoet hane wi | | experience adverse cardi ovascul ar effects.

Gastrointestinal Effects. Gastrointestinal effects of labial, oral, and
pharyngeal ulcers occurred in humans intentionally ingesting high
concentrations of 1,2-dibronoethane (Saraswat et al. 1986). Nausea and enesis
occurred in humans exposed to hi gh concentrations by the oral or dermal and
i nhal ation routes; the latter patients al so devel oped diarrhea (Letz et
al. 1984). Results of adverse gastrointestinal effects in humans were
supported by ani mal studies using the oral route of exposure (CGhanayem et
al . 1986; NCI 1978). No gastrointestinal effects were present in aninals
exposed dermally or by inhalation. Wiile adverse gastrointestinal effects are
not likely in humans exposed orally to |low | evel s of 1, 2-dibronoethane, the
upper gastrointestinal tract is a potential site of 1,2-dibronpethane binding
and netabolism (Kowal ski et al. 1985a).

Hemat ol ogi ¢ Effects. Effects of 1,2-dibronoethane on the hemat opoietic
system of humans exposed by inhal ation, oral, or dermal routes have not been
described. Results of animal studies are equivocal except that, based on a
study in rats, individuals taking disulfiramfor alcoholismmght be a
suscepti bl e hunan subpopul ati on at hi gher risk for adverse henatopoietic
effects (Wng et al. 1982) (See Sections 2.6 and 2.7).
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Muscul oskel etal Effects. Dramatic nuscul oskel etal effects as evi denced
by el evated nuscle enzynes in serumoccurred in two patients exposed by the
dermal and inhalation routes (Letz et al. 1984). No muscul oskel etal effects
were reported in humans exposed by other routes or in experinental aninmals.
Ri sks appear to be negligible for adverse nuscul oskel etal effects in humans
exposed to low | evel s of 1, 2-di bronoet hane.

Hepatic Effects. Hepatic effects have been reported in humans exposed
orally or by the dernal and inhalation routes to toxic doses of
1, 2-di bronmoet hane (Letz et al. 1984; O nstead 1960; Saraswat et al. 1986).
These effects consist of hepatocellular and Kupffer cell necrosis. Results in
humans are supported by aninmal studies in which the liver is also a target
organ for toxic effects of 1,2-di bronpethane foll owi ng exposure by a variety
of routes (Botti et al. 1986; Brandt et al. 1987; Broda 1976; NTP 1982; Rowe
et al. 1952). 1,2-D bronpethane, as well as inducing necrosis, can al so act
as a hepatocellular nitogen in rats (Ledda-Col unbano et al. 1987a).

Liver toxicity related to 1, 2-di bronoet hane depends on the netabolic
pat hway utilized and the anount of damage induced in cellular protein and
menbrane structures. Hunans exposed to | ow |l evel s of 1,2-di bronpet hane are at
potential risk of having toxic events occurring wthin hepatocytes; whether
these effects will be subcellular or result in cell necrosis nay depend on
internal dose and a variety of factors. Liver danmage that is severe enough to
cause clinical disease in humans from | ow Il evel exposure is unlikely.

Intraperitoneal adm nistration of 1,2-dibronoethane to nale B6C3F1 mce
i nduced hepatic DNA damage (genotoxicity) at doses |ower than those that
caused other signs of acute toxicity such as increased |liver weights, elevated
serum enzyne levels, or nortality (Storer and Conolly 1983). Thus, in vivo
and in vitro studies suggest that there is a potential for humans to devel op
subcel | ul ar danage after exposure by various routes to |ow | evel s of
1, 2- di br onpet hane.

Renal Effects. The kidney is a target organ in hunmans for
1, 2-di bronmoet hane toxicity (Letz et al. 1984; O nstead 1960). In humans
exposed acutely to toxic concentrations of 1,2-di bronoethane either by oral or
dernmal routes, renal danage was described, with one of the exposed individuals
dyi ng of acute renal failure despite attenpts at henodialysis. Results in
humans are supported by aninmal studies. Renal effects occurred in nale
Fi scher 344 rats exposed to 1, 2-di bronoet hane by intraperitoneal injection
Lesi ons were evenly distributed anmong renal proximal tubul es and consisted of
cellular swelling and cytoplasm ¢ vacuolization but not necrosis (Kl uwe et al
1982). Nonprotein sulfhydryl levels were initially reduced, then increased;
this is suggestive of changes in tubul ar gl utathione |evels.
1, 2- Di bronmoet hane al so acts as a renal nmitogen in rats in the absence of
tubul ar cell necrosis (Ledda-Col unbano et al. 1987b).
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Renal |esions or changes in renal function in humans chronically exposed
to 1, 2-di bronpbet hane have not been identified. Follow ng chronic inhalation
exposure to 1, 2-di bronoet hane, rats devel oped toxic nephropathy (NTP 1982).

1, 2- Di bronmoet hane can be activated in the kidney of rodents by a
gl ut at hi one- dependent pathway to toxic netabolites, as well as having such
net abolites reach the kidney via the enterohepatic circulation (Rush et
al . 1984; Working et al. 1986). Because simlar netabolic pathways exist in
humans, ani mal studi es suggest that there is a possibility for adverse rena
effects at a subcellular level to occur in humans exposed to | ow | evel s of
1, 2-di bronoet hane such as night occur near areas of forner agricultural use or
hazardous waste sites. Such |ow | evel exposure is very unlikely to result in
clinically detectable renal danage.

Dermal / Ccul ar Effects. Adverse dermal effects occur in hunans foll ow ng
topi cal exposure of relatively high concentrations of 1,2-dibronoethane.
These effects consist of inflanmation, blister formation, and necrosis (Letz
et al. 1984; Pflesser 1938). Effects were nost severe when 1, 2-di bronoet hane
applied to the skin was not allowed to evaporate (Pflesser 1938). Rapid
absorption of 1,2-di bronpethane through the skin can also result in systemc
toxicity (Letz et al. 1984). These results in hunans are supported by studies
in animals (Rowe et al. 1952). Humans exposed to | ow | evel s of
1, 2-di bronmoet hane in contani nated water such as during bathing or sw mm ng,
are unlikely to have any local irritant effects but may be susceptible to
absorption of the conpound.

Ccul ar effects have not been reported in humans exposed dernally or
orally to toxic doses of 1,2-dibronoethane. Aninal studies have identified
adverse ocul ar effects such as irritation and corneal damage after exposure to
relatively high concentrations (NTP 1982; Rowe et al. 1952). Wiile it appears
t hat humans woul d be susceptible to devel opment of ocul ar damage if a high
concentration of 1,2-di bronoethane were splashed in the eyes, adverse ocul ar
ef fects of exposure to low |l evels of environnental 1, 2-dibronpethane woul d not
be expect ed.

I mmunol ogi cal Effects. No studies were |ocated that specifically
i nvestigated i rmunol ogi cal effects in humans or aninals after exposure to
1, 2- di br onpet hane.

Neur ol ogi cal Effects. Depression, disorientation, and coll apse have
been reported in humans with acute exposure to toxic doses of
1, 2-di bronmoet hane by oral (Saraswat et al. 1986) or dermal (Letz et al. 1984)
routes. Residues of 1,2-dibronoethane were detected in the brain tissue of
one fatality (Letz et al. 1984). The fact that the nervous systemis at risk
when humans are acutely exposed to | ethal doses is supported by animal studies
(Rowe et al. 1952).



56

2. HEALTH EFFECTS

No neurol ogi cal effects have been described in humans exposed in an
occupational setting except for one report of nonspecific signs of headache
and depression (Kochnmann 1928). Neurol ogic signs were not reported in aninmals
exposed by various routes and for intermediate and chronic durations. It is
therefore unlikely that neurologic effects will occur in humans chronically
exposed to low | evel s of 1, 2-di bronoet hane.

Neur ol ogi cal effects as evidenced by alterations in brain
neurotransmitter enzynmes occurred in the F, progeny of male Fischer 344 rats
exposed to 1, 2-di bronoet hane by intraperitoneal injection (Hsu et al. 1985).
Chol i ne acetyltransferase and acetyl cholinesterase | evels had reversible
changes in various parts of the brain while glutam c acid decarboxyl ase | evel s
remai ned depressed at 90 days post-partum This study rai ses sone concerns
about the progeny of nmen with occupational exposure since adverse effects of
1, 2- di br onoet hane on sper mat ogenesi s have been reported in humans. In
addition, testicular binding and sperm danage in animals can occur by various
routes of exposure.

Devel opnental Effects. Adverse effects on fetal devel opnent have not
been docurented i n humans.

In rats and mice exposed to 1, 2-di bronoet hane by inhal ati on, nost
devel opnental effects have been observed at doses that produced naterna
toxicity. This raises the possibility that the fetuses of pregnant wonen who
were exposed to doses high enough to cause clinical illness would be at risk
for devel opnent toxicity, depending on the trinmester when exposure occurred.

Since overt toxicity would not be expected in pregnant wonen exposed to
| ow environmental |evels of 1,2-dibronmpethane, fetuses would not appear to be
at serious risk of devel opnental effects. However, the renote possibility
t hat behavioral effects in the fetus could occur as a result of exposure of
either the female or male parent to 1, 2-di bronoet hane shoul d be consi dered.

Al t hough the possibility of behavioral effects has not been investigated in
humans, this is a sensitive effect and would require a large study popul ation
to detect. One animal study suggesting this possibility is the previously

di scussed study of Hsu et al. (1985) in which the progeny of exposed nale rats
had alterations in brain neurotransmitter enzymes. Another study (Fanini et

al . 1984) investigated the behavioral effects of paternal exposure to

1, 2-di bromoet hane in rat progeny. Male F344 rats injected intraperitoneally
daily for 5 consecutive days with doses of 1, 2-di bronmoethane in saline ranging
from1.25 to 10 ng/ kg were nmated with untreated females 4 or 9 weeks foll ow ng
exposure. Pups fathered by males fromthe dosed groups and conceived at 4 or

9 weeks post-exposure showed dose-dependent inpairnment in an open-field
activity test. Although the sw mm ng perfornmance of pups was significantly
inmpaired, it was dependent upon the time of breeding and the particular
conponent of swi nmming behavi or anal yzed.
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Reproductive Effects. Antispermatogenic effects and possible effects on
fertility have been reported in humans occupationally exposed to
1, 2-di bronmoet hane (Heinrichs 1983; Ratcliffe et al. 1987; Ter Haar 1980; Wng
et al, 1979). However, many of these studies |acked sufficient statistica
power to detect an associ ation between paranmeters measured and exposure.

Adver se reproductive effects are supported by ani mal studies. However,
in sone of the oral and inhalation studies in animals, chemcal toxicity
and/ or neoplasia nmade it difficult to ascribe testicular |esions to direct
toxicity. In other studies, antispermatogenic effects of 1,2-dibronoethane
were docunmented directly in bovines exposed via feed; these effects were
reversible after chem cal withdrawal (Amr and Ben-David 1973; Amir and
Vol cani 1965). Effects were nore severe in adult bulls conmpared to young
bulls (Amr 1975).

The effects on reproduction of 1,2-di bronoethane admi nistered to animals
by parenteral routes corroborate the findings of other investigations in
ani mal s conducted via inhalation and oral routes. Sperm damage occurred in
rans after a single intratesticular injection of 1,2-di bronmoethane (Amir et
al . 1983). A dose-response was observed with |l ess acute effects on spermatids
noted at doses as low as 6.37 ng/kg. Sone effects on norphol ogy of sperm were
reversible. Transient spermabnormalities were reported in Col unbian rans
that received 12 consecutive, daily subcutaneous injections of
1, 2-di bronoet hane at vari ous doses ranging from7.8 to 13.5 ng/kg (Eljack and
Hrudka 1979a). A dose-related decline in spermnotility and acrosone
abnormalities were evident during the 5th week following initiation of
treatnent.

The nmechani sm of action for the antispernmatogenic effects of
1, 2-di bronoet hane nay be related to coval ent binding of netabolites of
1, 2-di bronmoet hane with thiol groups of nucl eoproteins in nuclei of
spermat ozoa. Such adduct formation interferes with DNA, causing inproper
packi ng of the chromatin (Anmr and Lavon 1976; Anmir et al. 1977).
Anti spernmatogeni c effects in exposed workers and this preferential binding of
1, 2-di bronmoet hane in the testis of rodents and rum nants suggest that simlar
ef fects on spermatozoa could occur in nen exposed to |low | evels of
1, 2- di br onpet hane.

Genotoxic Effects. 1, 2-Di bronpethane has been tested extensively to
assess its genotoxic potential in prokaryotic, eukaryotic, and manmmal i an
systenms. Tables 2-7 and 2-8 present the results of in vivo and in vitro
genotoxicity studies, respectively. The results of these studies indicate
that 1, 2-di bronpethane is a potent nutagen, producing a broad spectrum of
mutati ons in various test systens.

In bacterial systens, 1,2-dibronoethane is a direct-acting nmutagen and
primarily causes mutations of the base-pair substitution type (Barber et
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al . 1981; McCann et al. 1975; Mriya et al. 1983; Principe et al. 1981
Rosenkranz 1977). The mutagenicity of 1,2-di bronpethane I n bacteria was not

i nfluenced by mammal i an net abol i zing systens in four out of five studies
(Barber et al. 1981; Moriya et al. 1983; Principe et al. 1981; Stol zenberg and
Hi ne 1980). However, detection of its mutagenic activity is influenced by the
amount of gl utathione present (Kerklaan et al. 1985; Zoetenelk et al. 1987).

1, 2- Di bronoet hane tested positive for nmutagenicity with or without nmetabolic
activation in fungi and manmalian cell lines inin vitro assay systens (Briner
et al. 1982; Cive et al. 1979; Crespi et al. 1985; Ferreri et al. 1983;

Mal ling 1969; Principe et al. 1981; Tan and Hsie 1981). It has been tested

for its ability to induce heritable nutations in vivo using fruit flies
(Drosophi l a nel anogaster), nmice, and rats. 1, 2-Di bronoet hane caused heritable
mutations in male fruit flies (Kale and Baum 1979, 1981, 1982, 1983; Vogel and
Chandl er 1974) but not in mce (Epstein et al. 1972; Teranpto et al. 1980) or
rats (Teranpto et al. 1980).

Chronpsonal abnornmalities and sister chronmatid exchanges have been
observed in mce following intraperitoneal admnistration of 1,2-di bronoethane
(Krishna et al. 1985). Such chronosonal aberrations were also detected in
vitro using human | ynphocytes (Tucker et al. 1984); however, in studies which
use cells fromaninals and humans with prior exposure to 1, 2-di bronoet hane,

t hese abnornalities were unreliable or were not detected (Krishna et al. 1985;
Steenland et al. 1985, 1986).

1, 2- Di br onoet hane has been shown to bind covalently to DNA both in vitro
(Banerjee and Van Duuren 1979, 1983; Di Renzo et al. 1982; Inskeep and
Guengerich 1984; Koga et al. 1986; Ozawa and Guengerich 1983; Prodi et
al. 1986) and in vivo (H Il et al. 1978; Inskeep et al. 1986; Koga et
al. 1986; Prodi et al. 1986), fornm ng a stable adduct. Such adducts have been
observed in rat testicular cells following in vivo exposure to 1, 2-di bronoet hane
(Hill et al. 1978) and DNA repair activity was increased in rat
spermatocytes treated in vitro with 1, 2-di bronpet hane (Wrking et al. 1986).
Prei ncubation of rat hepatocytes or spermatocytes with inhibitors of
cytochrome P-450-nedi ated oxidation did not affect 1, 2-dibronpethane-induced
unschedul ed DNA synthesis (UDS) in vitro. In contrast, depletion of cellular
gl utat hione inhibited 1, 2-di bronoet hane-i nduced UDS in both cell types in
vitro (Wrking et al. 1986). This observation indicates that conjugation of
1, 2-di bronmoet hane to gl utathione and its subsequent netabolismresults in the
formati on of genotoxic netabolites.

Thus, interaction of 1,2-dibronpethane with DNA can result in a nutation
that is passed on to offspring. In conclusion, sufficient evidence exists to
i ndi cate that 1, 2-di bronpet hane presents potential genotoxic risks for hunans.
These effects nay occur in humans living I n areas surroundi ng hazardous waste
sites or areas of former agricultural use where they nay be exposed to
1, 2- di br onoet hane.



TABLE 2-7.

Genotoxicity of 1,2-Dibromoethane In Vivo

Species (test system) End point Results Reference
Eukaryotic organisms:
Drosophila melanogaster/inhalation exposure Recessive lethal + Kale and Baum 1979, 1981,
1982, 1983
D. melanogaster/dietary exposure Recessive lethal + Vogel and Chandler 1974;

Mammalian cells:
Mouse/oral exposure
Mouse/oral exposure
Mouse/intraperitoneal administration
Rat inhalation exposure
Rat oral exposure
Mouse/intraperitoneal administration
Human/occupational exposure
Mouse/intraperitoneal administration
Mouse/intraperitoneal administration
Rat/intraperitoneal administration

Dominant lethal

Dominant lethal

Dominant lethal

Dominant lethal

Dominant. lethal

Sister chromatid exchange
Sister chromatid exchange
Micronuclear formation
Chromosomal aberrations
Unscheduled DNA synthesis

NTP 1989

Epstein et al. 1972
Teramoto et al. 1980
Epstein et al. 1972

Short et al. 1979

Teramoto et al. 1980
Krishna et al. 1985
Steenland et al. 1985, 1986
Krishna et al. 1985

Krishna et al. 1985

Bentley and Working 1988

DNA = deoxyribonucleic acid; + = positive result; - = negative result
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TABLE 2-8. Genotoxicity of 1,2-Dibromoethane In Vitro

Results
With Without
Species (test system) End point activation activation Reference
Prokaryotic organisms:
Salmonella typhimurium/plate incorporation Reverse mutation No data + Ames and Yanofasky 1971
+ No data McCann et al. 1975;
Zoetemelk et al. 1987
S, typhimurium/plate incorporation Reverse mutation + + Stolzenberg and Hine 1980;
Principe et al. 1981; NTP
1989; Moriya et al. 1983
S, typhimurium/plate incorporation Reverse mutation - No data Shiau et al. 1980
+ No data Kerklaan et al. 1985
Escherichia coli (WP2 uvrA)/plate Reverse mutation No data + Hemminki et al. 1980
incorporation
E. coli (WP2 her)/plate incorporation Reverse mutation + No data Moriya et al. 1983
S, typhimurium/vapor exposure Reverse mutation + No data Hughes et al. 1987
S, typhimurium/vapor phase Reverse mutation + + Barber et al. 1981
S, typhimurium/spot test Reverse mutation + - Shiau et al. 1980
S. typhimurium/spot test Reverse mutation No data + Rosenkranz 1977;
Brem et al. 1974a;
Buselmaier et al. 1972,
1976; Buijs et al. 1984
Serratia marcescens (a2l)/host Reverse mutation - No data Buselmaier et al. 1972,
mediated assay 1976
Bacillus subtilis/spot test Forward mutation + - Shiau et al. 1980
E, coli/spot test Forward mutation No data + Izutani et al. 1980
B, subtilis/spot test Forward mutation + - Shiau et al. 1980
E, coli/spot test DNA damage No data + Rosenkranz 1977;
Brem et al. 1974a
B, subtilis/spot test DNA damage No data - Shiau et al. 1980
Eukaryotic organisms:
Neurospora crassa/liquid incubation Recessive lethal No data + Malling 1969
Streptomyces coelicolor/plate incorporation Forward mutation No data - Principe et al. 1981
Aspergillus nidulans/plate incorporation Forward mutation No data + Principe et al. 1981
S, coelicolor/spot test Forward mutation No data + Principe et al. 1981
A, nidulans/spot test Forward mutation No data + Principe et al. 1981
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TABLE 2-8 (Continued)

Results
HWith Without
Species (test system) End point activation activation Reference
Mammalian cells:
Chinese hamster ovary cells liquid Forward mutation + + Tan and Hsie 1981; Brimer
media et al. 1982
Mouse lymphoma L5178Y/liquid media Forward mutation + + Clive et al. 1979; NTP 1989
Human epithelial cells liquid media Forward mutation No data + Ferreri et al. 1983
Human lymphoblasts Tké Forward mutation No data + Crespi et al. 1985
Human lymphoblasts AAH-1 Forward mutation No data + Crespi et al. 1985
Chinese hamster V79 cells: CHS Sister chromatid exchange + + Tezuka et al. 1980; NTP 1989
Chinese hamster V79 cells Chromosomal abberations + + NTP 1989
Peripheral lymphocytes from oyster Sister chromatid exchange No data + Ellingham et al. 1986
toadfish and American eel
Buman peripheral lymphocytes Sister chromatid exchange + No data Tucker et al. 1984
Opossum lymphocytes Unscheduled DNA synthesis No data + Meneghini 1974
Primary rat hepatocytes DNA repair No data + Williams et al. 1982;
Working et al. 1986
Human lymphocytes DRA repair + - Peroco and Prodi 1981

DNA = deoxyribonucleic acid; + = positive result; - = negative result
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Cancer. There are no reports of cancer in humans associated with
occupati onal exposure to 1, 2-di bronoet hane, although the negative
epi dem ol ogi ¢ studi es have sone limtations.

1, 2- Di br onoet hane has been positive in short-termtests in animls used
to predict carcinogenic potential of a chemical (MIks et al. 1982; Moslen
1984). In addition, there is dramatic tissue-specific binding of netabolites
i n experinmental animals. Radiol abel ed 1, 2-di br onpet hane was admi ni stered
parenterally (intravenously or intraperitoneally) to C57BL mice, Sprague-

Daw ey rats and F344 rats. Both species had binding of high Ievels of

1, 2- di br onoet hane netabolites in the epitheliumof the entire respiratory
tract, the upper gastrointestinal tract, the vagina, and subepithelial glands
of the nasal ol factory mucosa. .Lower |evels of netabolites were bound in the
[iver, kidney, adrenal cortex, and testicular interstitium (Kowal ski et

al. 1985a). DNA synthesis in the nasal nucosa of mce was inhibited (Hellnman
and Brandt 1986). This tissue-specific nmetabolismcorrelates well with toxic
and/ or carcinogenic | esions observed in experinental studies of inhalation and
oral exposure to 1, 2-di bronbethane. The possibility exists that simlar

bi ndi ng and netabolism could occur in humans.

1, 2-Di bronmoet hane is a potent carcinogen in rats and mce, causing
mal i gnant and beni gn neopl asns of epithelial and mesenchymal origin in
mul ti pl e organ systens when adm ni stered by inhalation, oral, or derma
routes. Cancer was al so induced at initial point of contact with
1, 2- di br onoet hane--nasal cavity for inhalation exposure, forestomach for ora
(gavage and drinking water) exposure, and skin for dernal exposure.

The wei ght of evidence for carcinogenicity of 1,2-dibronpethane includes
i nduction of malignant neoplasms in two species of rodents and in multiple
organ systems by inhalation', oral, and dernal exposure. In addition
1, 2- di bronoet hane and a nunber of its metabolites are electrophiles, and form
adducts with cell proteins and nucleic acid. O two potentia
1, 2-di bronmoet hane netabolites tested in a drinking water study in mce
br onmpet hanol i nduced squanmous papillomas of the forestonach in nmale and fenal e
nm ce whil e bromacet al dehyde did not induce a significant incidence of tunors.
Based on these findings, Van Duuren et al. (1985) determ ned that it was
unli kely that bronoethanol or bronpacetal dehyde were the active carcinogenic
nmet abol ites of 1, 2-di bronoethane. 1, 2-Di bronoethane is a potent mutagen in
nunerous in vitro test systens. Based on these findings, exposure of humans
to level s of 1,2-dibronoethane such as found in agricultural areas or near
hazardous waste sites presents a potentially serious public health risk.

EPA has cl assified 1,2-di bronpet hane in the Carci nogen Assessment
Goup's Group B2 (EPA 1987a). G oup B2 includes chem cals for which evidence
for carcinogenicity is adequate in animals but inadequate in humans. The g;*
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val ue devel oped by EPA for humans exposed orally is 85 (ng/kg/day) " based on
data fromthe NCl (1978) gavage bi oassay. For humans exposed by inhal ation

the unit risk value is 2.2x10" ug/ m based on data fromthe NTP (1982)
i nhal ation bioassay (IR'S 1991).

2.5 BI OVARKERS OF EXPCSURE AND EFFECT

Bi omar kers are broadly defined as indicators signaling events in
bi ol ogi ¢ systens or sanples. They have been classified as markers of
exposure, markers of effect, and narkers of susceptibility (NAS/ NRC 1989).

A bi omarker of exposure is a xenobiotic substance or its netabolite(s)
or the product of an interaction between a xenobiotic agent and sone target
nol ecul e(s) or cell(s) that is neasured within a conpartment of an organi sm
(NAS/ NRC 1989). The preferred biomarkers of exposure are generally the
substance itself or substance-specific nmetabolites in readily obtainable body
fluid(s) or excreta. However, several factors can confound the use and
interpretati on of biomarkers of exposure. The body burden of a substance may
be the result of exposures fromnore than one source. The substance being
neasured may be a netabolite of another xenobiotic substance (e.g., high
urinary |l evels of phenol can result from exposure to several different
aromati ¢ conmpounds). Depending on the properties of the substance (e.g.
bi ol ogic half-life) and environnental conditions (e.g., duration and route of
exposure), the substance and all of its metabolites may have | eft the body by
the tine biologic sanples can be taken. It may be difficult to identify
i ndi vi dual s exposed to hazardous substances that are comonly found in body
tissues and fluids (e.g., essential mineral nutrients such as copper, zinc,
and sel enium. Biomarkers of exposure to 1,2-di bronmoethane are discussed in
Section 2.5.1.

Bi omar kers of effect are defined as any neasurabl e bi ochem cal
physi ol ogic, or other alteration within an organi smthat, depending on
magni t ude, can be recogni zed as an established or potential health inpairnent
or disease (NAS/NRC 1989). This definition enconpasses biochem cal or
cellular signals of tissue dysfunction (e.g., increased liver enzyme activity
or pathol ogic changes in female genital epithelial cells), as well as
physi ol ogi ¢ signs of dysfunction such as Increased bl ood pressure or decreased
I ung capacity. Note that these narkers are often not substance specific.

They al so may not be directly adverse, but can indicate potential health
i mpairnment (e.g., DNA adducts). Biomarkers of effects caused hy
1, 2-di bronoet hane are di scussed in Section 2.5.2.

A bi omarker of susceptibility is an indicator of an inherent or acquired
l[imtation of an organism s ability to respond to the chall enge of exposure to
a specific xenobiotic substance. It can be an intrinsic genetic or other
characteristic or a preexisting disease that results in an increase in
absorbed dose, biologically effective dose, or target tissue response. If
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bi omar kers of susceptibility exist, they are discussed in Section 2.7,
" POPULATI ONS THAT ARE UNUSUALLY SUSCEPTI BLE. "

2.5.1 Biomarkers Used to ldentify and/or Quantify Exposure to
1, 2- Di br onoet hane

Primary bi omarkers of exposure are the presence of 1, 2-di bronbethane in
bl ood or exhal ed breath or excretion of specific netabolites in urine. In
humans exposed to toxic levels of 1,2-dibronoethane (Letz et al. 1984), the
parent compound was not neasured in bl ood sanpl es coll ected before death.
However, two exposed individuals had el evated | evel s of serum bronide ions.
This elevation is likely to have resulted from debroni nation of 1,2-di bronoet hane
during its metabolism Elevated serumbronide is not specific to
1, 2- di bronoet hane exposure, but, rather, it is indicative of exposure to
cl asses of broninated chenmicals.

Because a proportion of unnetabolized 1, 2-di bronbethane is excreted from
the lungs of guinea pigs (Pl otnick and Conner 1976), neasurenment of the
chem cal in exhaled breath of humans is another potential method of nonitoring
human exposure. This has been done in a study using university student
vol unteers froma petrochemn cal plant area and a nonindustrial area
1, 2- Di bronmoet hane i n exhal ed breath was not found in either group of
vol unteers (Wallace et al. 1982).

Rat s exposed acutely by gavage to 110 ng/ kg of 1, 2-di bronoethane in
olive oil had el evated concentrations of the parent conpound in the blood up
to 30 m nutes after exposure. At 2 and 4 hours postexposure, only trace
amounts were detected and by 13 hours after exposure, 1, 2-dibronoethane
concentrations were not detected in the bl ood. Serum brom de | evels were not
nmeasured (Nachtom and Al unot 1972). Metabolites of 1, 2-di bronoethane in
urine fromrats receiving a conparabl e dose were characterized chromatographically
(Nachtom et al. 1965). Urine had increased concentrations of
brom de ion, S(B-hydroxyethyl) mercapturic acid, and S(B-hydroxyl)cysteine.
These latter two netabolites are formed via the cytosolic rather than the
m crosonmal pat hway and, therefore, may not be present as bi omarkers for humans
of 1, 2-di bronpet hane exposure. However, urine of exposed hunans has not been
tested for the nmetabolites listed, including bronide ion

Two DNA adducts of 1, 2-dibronoethane netabolites have been found in in
vitro studies (Bolt et al. 1986; Ozawa and Cuengerich 1983; Peterson et -
al . 1988) These adducts are S—[2 (N- guanyl)ethyl]glutathlone and
S-[2-N-guanyl )ethyl] cysteine. These adducts are potential biomarkers of
exposure to 1, 2-di bronoet hane and could be tested for in biopsy or autopsy
tissue specinens.

A less invasive procedure that could provide a indication of DNA adduct
formation is measurenent in the urine of the nercaptic acid S-[2- N'-
guanl )et hyl ]-N-acetyl cystei ne. Excretion of this netabolite into the urine of
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rats occurs in a dose-dependent, |inear manner after intraperitonea

adm ni stration of 1,2-dibronoethane (Kimand Guengerich 1989). This bi omarker
has not been | ooked for to date in humans suspected to have exposure to

1, 2- di br onpet hane.

2.5.2 Biomarkers Used to Characterize Effects Caused by 1, 2-Di bronpet hane

The liver, kidney, and testis are the mmjor visceral target organs for
toxic effects of 1,2-di bronpethane.

Hepat ocel | ul ar necrosis related to coval ent binding of netabolites to
cell and plasnma proteins and to mitochondrial nenbrane danage results in
rel ease of intracellular enzymes into the bl oodstream providing bi omarkers of
liver cell danmage. Biomarkers of hepatocellular necrosis are not specific to
1, 2-di bronmoet hane but are a general indication of danage. |ncreased serum
enzynes include aspartate am notransferase (AST), glutanmate oxal acetic
transam nase (GOT), al anine am notransferase (ALT), glutamate pyruvate
transam nase (GPT), and |actic dehydrogenase (LDH) (Botti et al. 1986; Letz
1984) in humans and rats as well as |eakage of LDH from exposed, isol ated
rodent hepatocytes (Al bano et al. 1984; Van lersel et al. 1988). Plasm
prothronbin tinme was al so neasured by Rowe et al. (1952) in rodents exposed to
1, 2-di bronoet hane; this test, however, is of mniml diagnhostic value in
detection of mld hepatocellular dysfunction (Berkow 1987).

Ki dney effects can range frommld tubular damage to |ife-threatening
renal damage, i.e., tubul ar nephropathy. Severe toxic renal |esions can
result in conprom sed renal function with changes in urinalysis, oliguria, or
anuria (renal shutdown) and increases in blood urea nitrogen, serum
creatinine, and uric acid. Wiile biomarkers of renal damage have been
identified in humans exposed to toxic doses of 1,2-dibronmoethane by oral or
dermal routes, these findings have not been duplicated in ani mal experinments.

Chemical I y-induced testicul ar damage can be recogni zed by changes in
sperm concentration, spermnotility, and sperm norphol ogy (Wrobek 1984).
Reduced fertility, a highly sensitive biomarker, may al so be associated with
chem cal exposure of humans. For exanple, Ratcliffe et al. (1987) eval uated
sper mat ogeni ¢ paraneters in papaya fum gation industry enpl oyees exposed for
an average length of 5 years to 1, 2-di bronpet hane and unexposed workers in the
sugar industry. The route of exposure to 1,2-di bronoethane was prinmarily
i nhal ation. They identified decreased sperm count per ejacul ate, decreases in
the percentage of viable and notile sperm and increases in nunbers of sperm
wi t h abnormal norphol ogy in 1, 2-di br onpbet hane- exposed workers. For additiona
di scussion of the study, see Section 2.2.1.6.

An epi demi ol ogi cal study on 1, 2-di bronoet hane has identified equivoca
effects of reduced fertility in exposed workers (Wng et al. 1979).
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2.6 | NTERACTI ONS W TH OTHER CHEM CALS

Disulfiramis the generic nane for Antabuse, a drug used in the
treatment of chronic alcoholism Disulfirampotentiates the toxic and
carci nogenic effects of 1,2-di bronpethane in experinental animals.
Presunably, this occurs by bl ocking conversion of the al dehyde netabolite as
with acetal dehyde from ethanol. There is no evidence that simlar effects
occur in humans. Based on ani mal data, however, Ayerst Laboratories,
producers of Antabuse (disulfiram, recommended the followi ng in the package
insert: "Patients taking Antabuse tablets should not be exposed to ethyl ene
di brom de or its vapors" (PDR 1991).

In rats treated with disulfiramprior to oral dosing with 1,2-dibronoethane
(Plotnik et al. 1979), there was decreased clearance of radiol abeled 1, 2-
di bronoet hane fromthe body with increased concentration in tissues (liver, kidney,
spleen, testis, and brain). In the liver of the disulfiram1, 2-di bronoethane. group
there was preferential uptake of |abeled
1, 2-di bronmoet hane i n hepatocyte nuclei, indicative of DNA binding.

The mechani sm of synergi sm between the conpounds is not known. S| ower
cl earance of 1, 2-di bronoet hane or increased tissue levels of a toxic
internedi ate netabolite (likely the al dehyde) in disulfiram exposed
i ndividuals may be responsi ble for enhancenment of toxic and neopl astic |esions
in exposed rodents (Plotnik et al. 1979).

As discussed in Section 2.2.1 under the various systenic effects and
cancer, rats exposed by inhalation to 1, 2-di bronoethane and fed a diet
contai ning 0.05%di sulfiram (Wng et al. 1982), conpared to rats exposed to
1, 2-di bronmoet hane al one, had significantly el evated incidences of certain
neopl asti ¢ and toxic | esions. Neoplasns elevated in the disulfiram
1, 2-di bronpet hane group were hepatocellular tunors, renal adenona and
adenocarci nona, and thyroid follicular cell adenoma. Toxic |esions were
testicul ar degeneration (atrophy) and splenic atrophy. Rats receiving the
1, 2- di br onoet hane-di sul firamregi nen al so had high nortality at a
significantly earlier date conpared to control rats, rats exposed to
di sul firam al one, or rats exposed to 1, 2-di bronoet hane al one.

1, 2- Di bronoet hane did not potentiate the hepatotoxic effects of carbon
tetrachloride in rats (Danni et al. 1988).
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2.7 POPULATI ONS THAT ARE UNUSUALLY SUSCEPTI BLE

Certain popul ations nay have a higher risk for devel oping toxic effects
fromlowlevel 1,2-dibronoethane exposure.

A biological difference that could increase susceptibility of fetuses
and premature or perinatal infants to 1, 2-di bronoethane toxicity is
devel opnental inmaturity of the P-450 (mcrosonal enzyne) system
Bi otransfornmati on of xenobiotics occurs predoni nantly by gl utathione
conj ugation (Benet and Shei ner 1985; Sipes and Gandol fi 1986). This pat hway
is known to generate a nunber of toxic internediate netabolites of
1, 2-di bromoet hane. I n addition, fetal mce have sel ective binding of
1, 2- di bronoet hane netabolites in epithelial [ining of the upper alinentary
tract and the entire respiratory tract after 1, 2-di bronoethane was
adm ni stered parenterally to pregnant femal es (Kowal ski et al. 1986).

As di scussed in Section 2.6, chronic al coholics receiving Antabuse
(disulfiran) therapy are potentially nore susceptible to toxic and neopl astic
ef fects of 1,2-dibronpethane. It also follows that individuals with conprom sed
liver or renal function or with asthna or other chronic respiratory
di seases may have increased susceptibility to the toxic effects of 1, 2-dibronoethane;
however, chem cal -specific effects have not been identified.

2.8 M TI GATI ON OF EFFECTS

This section will describe clinical practice and research concerning
nmet hods for reducing toxic effects of exposure to 1, 2-di bronoethane. However,
because sone of the treatnents di scussed nay be experinental and unproven,
this section should not be used as a guide for treatment of exposures to 1, 2-
di br onoet hane. When specific exposures have occurred, poison control centers
and nedi cal toxicol ogists should be consulted for nedical advice.

Human exposure to 1, 2-di bronoet hane nay occur by inhal ation, ingestion or
by dermal contact. Mtigation approaches to reduce absorption of 1,2-
di br onbet hane have incl uded general recomendati ons of separating contani nated
food, water, air, clothing fromthe exposed individual. Externally, exposed
eyes and skin are flushed with a clean neutral solution such as water or
normal saline. Water or mlk is adm nistered after ingestion of 1,2-
di bronbet hane to wash residual chenical through the esophagus if the patient
can swal |l ow (Bronsten and Currance 1988). Residual chem cal remaining in the
stomach is renmoved by gastric |avage after precautions have been taken to
protect the respiratory tract fromaspiration of gastric contents. Activated
charcoal is adm nistered to bind unabsorbed chenical that has passed out of
the stomach and into the | ower gastrointestinal tract. Administration of a
cathartic is thought to be unnecessary since diarrhea frequently follows
i ngestion of this agent.
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Once absorbed, 1, 2-dibronoethane is rapidly netabolized. Its metabolism
may i nduce effects by either of two systens, the mcrosomal npnooxygenase
systemor the cytosolic activation system Aninal research has shown that
seventy percent of 1,2-dibronoethane is excreted in the urine and feces within
48 hours. The lack of persistent netabolites in the tissues indicate that
1, 2-di bronmoet hane is readily renoved fromthe body. Methods for reduci ng body
burden were not found.

Two reactive internmedi ates are fornmed through 1, 2-di bronoet hane
net abol i sm 2- bronpacet al dehyde and S-(2-bronoet hyl) gl utathione. The 2-
br onpacet al dehyde causes tissue danmage by coval ent binding to cellular
nmacr onol ecul es. The S-(2-bronoethyl) glutathione is responsible for genotoxic
ef fects and possibly its carcinogenic effect observed in | aboratory animals.

No specific antidote has been shown to be effective in treating 1, 2-
di br onpet hane i ntoxi cati on once absorption into the bl oodstream has occurred
(El'l enhorn and Barcel oux 1988). Intravenous infusions of glucose nay limt
t he hepatotoxicity of 1,2-dibronoethane (EPA 1989b). During the recovery
phase, a diet rich in vitanin B and carbohydrates may limt |iver danage
(Drei shach and Robertson 1987; Law ence and M chael s 1984). Henodi al ysis nay
be needed to regulate extracellular fluid and el ectrol yte balance and to
renove netabolic waste products if renal failure occurs (EPA 1989D).

Clinical or experinmental nethods to interfere with the nmechani snms of
action for 1,2-di bronmoethane are not well understood. Using P-450 inhibitors
may be possible to prevent the formation of the reactive netabolites, however
this may not be feasible since it would not be specific for 1,2-di bronoethane
and it would also affect the detoxification of other substances. A so, for
this approach to work the gl utathi one pathway nust al so be inhibited.

O herw se, carcinogenicity would be increased due to the diversion of 1,2-

di br onoet hane fromthe oxidative pathway to the conjugative pat hway, which
forns S-(2-bronpethyl) glutathione, a nore potent nutagen and carci nogen (EPA,
1985).

The carci nogenic and nutagenic effects of 1,2-di bronbethane is due to
its ability to bind to DNA and RNA with netabolic activation. The nmechani sm
of action for the antispermatogenic effects is probably related to the renoval
of sul phur fromcysteine in the nucleus of the spermatozoa. Cinica
intervention to interfere with these nechani sns has yet to be devel oped.

2.9 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA as anended 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 1,2-dibronoethane is available. Were adequate information
is not available, ATSDR, in conjunction with the National Toxicol ogy Program
(NTP), is required to assure the initiation of a program of research designed
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to determine the health effects (and techni ques for devel opi ng nmethods to
determ ne such health effects) of 1,2-dibronoethane.

The foll owi ng categories of possible data needs have been identified by
a joint teamof scientists fromATSDR, NTP, and EPA. They are defined as
subst ance-specific informati onal needs that, if net, would reduce or elimnate
the uncertainties of human health assessnent. In the future, the identified
data needs will be evaluated and prioritized, and a substance-specific
research agenda will be proposed.

2.9.1 Existing Infornation on Health Effects of 1, 2-D bronoethane

The existing data on health effects of inhalation, oral, and dernma
exposure of humans and aninmals to 1, 2-di bronpet hane are sumari zed in
Figure 2-4. The purpose of this figure is to illustrate the existing
i nformati on concerning the health effects of 1,2-dibronoethane. 'Each dot in
the figure indicates that one or nore studies provide i nformati on associ at ed
with that particular effect. The dot does not inply anything about the
quality of the study or studies. Gaps in this figure should not be
interpreted as "data needs" information (i.e., data gaps that nust necessarily
be filled).

Figure 2-4 graphically depicts the information that currently exists on
the health effects of 1,2-dibronoethane in humans and ani mal s by vari ous
routes of exposure. The vast mpjority of literature reviewed concerning the,
health effects of 1,2-dibronoethane in humans descri bed case reports and
| onger-term studi es of pesticide workers and case reports of accidental or
i ntentional ingestion of 1,2-dibronoethane. The predoni nant route of exposure
in the occupational studies is believed to be inhalation, with dermal exposure
also inplied. In a case report of fatalities, dernal exposure was considered
the primary route (Letz et al. 1984). The information on human exposure is
limted in that the possibility of concurrent exposure to other pesticides or
ot her toxic substances cannot be excluded, and the duration and |evel of
exposure to 1, 2-di bronoet hane generally cannot be quantified fromthe
i nformati on presented in these reports.

The dat abase for the health effects of 1,2-di bronoethane after
i nhal ation and ingestion in experinmental aninals is substantial. However, as
can be seen in Figure 2-4, only linmted information is available on the
effects of dermal exposure to 1, 2-di bronoethane in aninmals. Furthernore, the
health effects associated with internediate and chroni c exposure durations are
nore fully characterized than those associated with acute exposure.
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FIGURE 2-4. Existing Information on Health Effects of
1,2 - Dibromoethane
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2.9.2 Data Needs

Acut e- Durati on Exposure. The toxic effects of inhalation exposure to
1, 2- di bronoet hane have been investigated in various species of animals but no
data are available in humans. Acute inhal ation of 1,2-di bronpet hane has been
shown to cause lethal effects in rats, rabbits, guinea pigs, and nonkeys which
result primarily fromrespiratory and cardiac failure (Akam ne 1952; Short et
al. 1978; Rowe et al. 1952). The lungs, liver, kidney, and spleen are the
target organs of inhaled 1, 2-dibronmoethane (Rowe et al. 1952). Central
nervous system (CNS) effects are nore pronounced at hi gh vapor concentrations
(Rowe et al. 1952). However, behavioral effects have been reported in rats
and mce at |ower exposure concentrations (Rowe et al. 1952). Acute ora
exposures have. resulted in death in humans and aninmals (O nstead 1960; Rowe et
al . 1952; Saraswat et al. 1986; Schlinke 1969). Hepatotoxicity has been the
primary effect in both humans and aninmals (O nstead 1960; Rowe et al. 1952;
Saraswat et al. 1986). The linmted data from human studi es show that derna
exposure causes blisters and death (Letz et al. 1984); simlar effects occur
in animals (Rowe et al. 1952). Thus, acute effects of 1, 2-di bronpethane in
ani mal s have been characterized, and additional studies do not appear to be
necessary at this tine.

I nt er nedi at e- Durati on Exposure. Effects of repeated exposures in humans
have not been investigated. The ani mal studi es described predoni nantly renal
respiratory, hepatic, gastrointestinal tract, devel opnental, and reproductive
or dermal/ocular effects (Amir 1975; Amir et al. 1977; N tschke et al. 1981
NTP 1982; Rowe et al. 1952; Short et al. 1979). Little or no reliable
i nformati on on cardi ovascul ar, hematol ogi cal, nuscul oskel etal, neurol ogi cal
and i mmunol ogi cal effects in animals is available. Since all three routes
(i nhal ation, oral, and derrmal) are significant neans of exposure for
i ndividuals living near hazardous waste sites, nore information on the health
ef fects (specifically neurol ogical, imunological, hematol ogi cal, and cardi ac
ef fects) associated with repeated-dose, |owlevel exposure to
1, 2-di bronoet hane woul d be usef ul

Chroni c-Durati on Exposure and Cancer. Limted epidem ol ogi cal studies
have been conducted invol ving occupati onal exposure in workers, primarily by
the respiratory route (Ratcliffe et al. 1987; Takahashi et al. 1981; Ter Haar
1980; Wong et al. 1979). These studies did not identify chronic adverse
effects in organ systens other than the male reproductive system (refer to the
subsequent di scussion on reproductive toxicity). Chronic bioassays have been
conducted in animals via the inhalation, oral, and dernmal routes of exposure
(NCI 1978;' NTP 1982; Van Duuren et al. 1979, 1985, 1986; Wng et al. 1982).
These studi es have found predoninantly respiratory, forestomach, hepatic,
renal, and testicular effects. Thus, the chronic effects of 1,2-dibronoethane
in animal s appear to be characterized, and additional studies do not appear to
be necessary. Because the use of 1, 2-di bronpbethane has di ni ni shed
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dramatically since its registration was canceled in 1984, there is | ower
potential for additional |ong-termexposure. However, based on the Wng et
al . (1982) study, additional chronic studies on the interactions between
1, 2- di bronoet hane and ot her chenicals may be warranted.

Li m ted epideni ol ogi cal studies have been conducted invol ving
occupati onal exposure in workers, primarily by the respiratory route
(Ratcliffe et al. 1987; Takahashi et al. 1981; Ter Haar 1980; Wng et al
1979). These studies neither confirmnor refute the possibility of
1, 2-di bronoet hane as a human carci nogen. Carci nogenicity bi oassays have been
conducted in animals via the inhalation, oral, and dernal routes of exposure
(NCl 1978; NTP 1982; Van Duuren et al. 1979, 1985, 1986; Wng et al. 1982).
These studies have found cancer in multiple organ systens in two species of
rodents. Thus, the carcinogenic effects of 1,2-di bronoethane appear to be
wel | characterized, and additional studies are not necessary. Because the use
of 1, 2-di bronpet hane has di m ni shed considerably since its registrati on was
canceled in 1984, the potential for additional |ong-termexposure is |ower.

CGenotoxicity. 1,2-D bronpethane has been tested for mutagenic activity
in a battery of in vitro and in vivo assay systens. It is mutagenic in
bacteria, fungi, fruit flies, and cultured mammalian cells (Anmes and Yanof asky
1971; Barber 1981; Brinmer et al. 1982; Crespi et al. 1985; Mriya et al. 1983;
NTP 1989; Principe et al. 1981; Shiau et al. 1980). In the domi nant |etha
assay, 1,2-dibronpethane failed to elicit a positive response (Epstein et al
1972; Short et al. 1979; Teratonoto et al. 1980). In addition, there is
l[imted evidence that it may cause sister chromatid exchanges and chronbsoma
aberrations (Ellinghamet al. 1986; NTP 1989; Tezuka et al. 1980; Tucker et
al. 1984). However, conflicting results have been reported for chronobsoma
aberration studies in human | ynphocytes from exposed workers and in human and
animal cell lines treated with 1,2-di bronoethane in vitro (Krishna et al
1985; Steenland et al. 1985, 1986). A nunber of in vitro and in vivo studies
denonstrate that 1, 2-di bronmoethane can interact with DNA resulting in
genot oxi ¢ events (Bentley and Wrking 1988; Meneghini 1974; Peroco and Prod
1981; WIllianms et al. 1982; Wrking et al. 1986). In view of the limted and
somewhat conflicting evidence for the carcinogenicity of 1,2-di bronoethane in
exposed human popul ati ons, data on the cl astogenic and genotoxic effects in
humans could offer insight into potential human health risks from
1, 2- di br onoet hane.

Repr oductive Toxicity. Epidem ol ogi ¢ evidence concerning
anti spermatogenic and antifertility effects of inhalation exposure to
1, 2- di bronmoet hane has been docunented in the literature (Heinrichs 1983;
Ratcliffe et al. 1987; Ter Haar 1980; Wong et al. 1979). However, results of
these studies are linmted by the small sanple size and confounding factors.
In rats, inhalation exposure results in inpaired reproductive performance (NTP
1982; Short et al. 1979). Although no information on the reproductive
toxicity of 1,2-dibronoethane is available in hunans by oral exposure,
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ant i sper mat ogeni ¢ effects have been well denonstrated in various aninma
species including the bull, rat, and nouse foll owi ng oral exposure (Anmr 1973;
Amir and Ben-David 1973; Amir and Lavon 1976; Amir and Vol cani 1965; Anmir et
al. 1983; NCI 1978). No studies are available in hunans or aninals to assess
reproductive toxicity resulting fromthe dermal route of exposure. The

t oxi coki netic data indicate that 1,2-dibronmoethane is absorbed through the
skin (Jakobson et al. 1982; Letz et al. 1984). Therefore, additiona
infornmation on the effects via the dermal route of exposure would be useful

Devel opnental Toxicity. The devel opnental effects of inhalation
exposure to 1, 2-di bronoet hane have not been investigated in humans. The
studies in aninals clearly indicate that fetotoxic and behavioral effects
occur in mice and/or rats at concentrations that are toxic to maternal welfare
as well (Fanini et al. 1984; Hsu et al. 1985; Short et al. 1978). No data are
avai |l abl e for humans or animals regardi ng devel opnmental toxicity resulting
fromoral and dermal routes of exposure. Since human exposure to
1, 2- di br onoet hane can occur via inhalation and dermal exposures at hazardous
waste sites and al so fromingestion of contam nated drinking water, additiona
epi demni ol ogi cal studies in popul ations around hazardous waste sites to
i nvestigate the devel opnental hazard posed by 1, 2-di bronbet hane woul d be
useful. Such studies would al so be useful in areas where groundwater was
contam nated by 1, 2-di bronpet hane from prior use of the pesticide in
agricul ture.

| mmunot oxi city. No infornmation on specific i munol ogical effects of
1, 2-di bronoet hane is avail able for humans or ani nmal s exposed via inhalation,
oral, or dernmal routes. Sone effect on the i mmune systemcan be inferred from
a report of |ynphoid neopl asia associated with exposure of workers to various
chem cal s including 1, 2-di bronoet hane (Al avanja et al. 1988). Epi deni ol ogi ca
and ani nal studies would be useful to investigate the i nmunotoxic potential of
1, 2-di bronoet hane. Furthernore, if 1,2-di bronpethane proves to be a potentia
i munosuppr essant, further research into this area could help identify
popul ati ons at higher risk because of pre-existing pernmanent
i MMunosuppr essi on.

Neur ot oxicity. Evidence for neurol ogical effects in humans and
experimental aninmals after oral or inhalation exposure is limted. Acute
i nhal ati on exposure of a worker resulted in transient depression (Kochmann
1928). Aninal data show that acute inhalation of high concentrations causes
CNS depression in aninmals (Rowe et al. 1952). Behavioral effects have been
reported in offspring follow ng inhal ation exposure of rats during gestation
(Fanini et al. 1984; Hsu et al. 1985). Acute oral exposures have been
reported to cause death and brain lesions in humans (Saraswat et al. 1986) and
stiffness, prostration, and anorexia in animals (Schlinke 1969). No
information is available to assess neurol ogical effects resulting from derma
exposure to 1, 2-di bronoet hane in humans and ani mal s. Further studies of
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neur ol ogi cal effects follow ng inhalation and/ or dermal exposure in both the
newborn and adult woul d be val uable, as there are so few data avail abl e.

Epi deni ol ogi cal and Human Dosinmetry Studi es. Mdst of the avail able
i nformati on on the effects of 1,2-di bronoethane in humans cones from cases of
acute poisoning follow ng accidental or intentional ingestion and from
occupati onal exposures in agricultural industries (Al avanja et al. 1988;
Kochmann 1928; Letz et al. 1984; O nmstead 1960; Ot et al. 1980; Ratcliffe et
al. 1987; Saraswat et al. 1986; Takahashi et al. 1981; Ter Haar 1980; Turner
and Barry 1979; Wng et al. 1979). Linmitations inherent in these studies
i ncl ude unquantified exposure concentrations and durations, small sanple size,
as well as concomitant exposure to other pesticides and marijuana use. In
addi ti on, devel opnental and systenic effects follow ng inhalation, oral, and
dermal exposures in humans have not been studied. Well-controlled
epi dem ol ogi cal studies that focused on exposure |l evels and health effects
(e.qg., systenic effects, devel opnental and inmunol ogi cal effects,
genotoxicity, and cancer) of persons living in areas near hazardous waste
sites would be useful in nonitoring other affected popul ations. A comon
problemin such studies is acquisition of reliable dosinetry data on the
exposed popul ations. For this reason, efforts to inprove estimtes of past
exposure and to define nore accurately current exposure levels to
1, 2- di br onoet hane woul d be val uabl e. Foll ow up of exposed workers woul d be
useful .

Bi omar kers of Exposure and Effect. There appears to be no biol ogica
i ndi cator for 1,2-di bronpethane toxicity that is entirely adequate when
consi dered al one. Biomarkers of acute exposure to potentially toxic |levels
are residues of 1,2-dibronpethane in target tissues such as liver and brain
el evated serum bromni de | evels, and the presence of bronide ions and certain
net abolites of 1,2-di bronbethane in urine (Letz et al. 1984; Nachtom et al
1965). Ti ssue speci nens al so could be exam ned for the presence of
1, 2- di br onoet hane netabolites covalently bound to protein or DNA (Bolt et al
1986; Ozawa and Guengerich 1983; Peterson et al. 1988).

Results of studies in hunmans and ani nal s suggest that sperm
abnormalities, evidence of DNA danage such as chronpbsonal anonalies, and tests
for liver and ki dney dysfunction may serve as biomarkers of the effects of
1, 2-di bronmoet hane (Ellinghamet al. 1986; Heinrichs 1983; NTP 1982, 1989;
Ratcliffe et al. 1987; Rowe et al. 1952; Ter Haar 1980; Wong et al. 1979).
More quantitative data on chronically exposed individuals would provi de a good
dat abase for use with screening protocols. These data could include tests of
urine for 1, 2-di bronoethane netabolites, nonitoring of serumand urinary
brom de ions, periodic nonitoring of senen sanples for abnornalities in sperm
concentration, notility and norphol ogy, and serum aspartate am notransferase
for liver cell dammge.
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Absorption, Distribution, Mtabolism and Excretion. Quantitative
evi dence on the absorption of 1,2-dibronmoethane in humans is not avail abl e.
However, it is known that workers, exposed to 1, 2-di bronpet hane experience
toxic effects followi ng inhalation, oral, and dernal exposure (Al avanja et al
1988; Kochmann 1928; Letz et al. 1984; Ot et al. 1980; Ratcliffe et al. 19.87;
Takahashi et al. 1981; Ter Haar 1980; Turner and Barry 1979; Wng et al
1979). Animal studies clearly indicate that 1,2-dibronoethane is absorbed
(Botti et al. 1982; Jakobson et al. 1982; Letz et al. 1984; Rowe et al. 1952).
Reports that specifically evaluate the conpound' s rate or extent of absorption
woul d be useful

No studies were | ocated regarding the distribution of 1,2-dibronoethane
in hunmans. Aninal studies regarding its distribution follow ng ora
absorption are available (Plotnick et al. 1979; Whng et al. 1982). Based on
simlar pathologic findings in humans and animals, the distribution in humans
seens to be sinmlar. Studies that investigate the distribution of
1, 2- di bronoet hane foll owi ng i nhal ati on or dermal exposures would be useful in
order to eval uate whether 1, 2-di bronoethane behaves sinmlarly across al
routes of exposure. Information was not avail abl e regardi ng the netabolism of
1, 2- di br onoet hane foll owi ng inhal ation, oral, or dernmal exposure in hunmans.
Its netabolismin humans probably occurs via the mcrosonmal nobnooxygenase
system because gl utat hi one conjugation is |less promnent in man. Metabolism
of 1, 2-di bronpethane in animals has been investigated via oral exposure
(Lawr ence and M chael s 1984; Tanura et al. 1986; Van Duuren et al. 1985).
Mercapturic acids are identified as the primary netabolites of mcrosona
oxidation (Kirby et al. 1980; Nachtom 1970; Nachtom et al. 1965). The
reactive nmetabolites fornmed by the microsomal oxidation or glutathione
conjugation of 1,2-dibronmoethane may bind to protein or DNA, producing either
cytotoxicity or genotoxicity, respectively (Ozawa and Guengerich 1983; Van
Bl aderen 1983; Wite et al. 1983). Quantitative information regarding the
net abol ites forned woul d suggest whi ch bi odegradati on pat hways are favored and
woul d al so provide insight into the enzynme kinetics. Information regarding
the overall rate of netabolismand rates of specific reaction follow ng
i nhal ati on and dernal exposures would be useful, as well as how netabolismis
af fected by chemi cal interactions.

No studies in humans were found regardi ng excretion of 1,2-dibronoethane.
Ani mal studies regarding the excretion of 1,2-dibronoethane foll ow ng
i nhal ati on and dernal exposures are unavail able, but information is available
for excretion follow ng oral exposures (Plotnick et al. 1979). Since
nmet abolites may contribute to the toxic effects attributed to
1, 2-di bronmoet hane, it woul d be beneficial to conduct studies that would
establish elinmination rates for each netabolite or sinilar netabolic products.
In addition, such studies may al so provide information to facilitate the rapid
renoval of 1,2-dibronpethane and its netabolites in exposed people.
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Conpar ati ve Toxicokinetics. Generally, target organs and adverse
effects of 1, 2-di bronpet hane exposure are simlar across species.
Toxi coki netic studi es have been perforned in rats, mce, and gui nea pigs.
There are no major differences in distribution patterns. Humans woul d be
expected to netabolize 1, 2-dibronmoethane in a manner qualitatively simlar to
ani mal s. However, the disposition of 1,2-dibronbethane in humans remains to
be det erni ned.

Mtigation of Effects. Data are needed on nechani snms that may be used
to decrease the effects of 1,2-di bronoethane once it has entered the
bl oodstream Currently, the only avail able data are regardi ng treatnent of
clinical effects of 1,2-dibronoethane intoxication. Data are al so needed on
the chronic effects of |owlevel exposure to 1,2-di bronbethane to assess its
long-termeffects in hunans.

2.9.3 On-going Studies

A recent abstract reported an excessive nortality from non-Hodgkin's
| ynphoma during the 1970s and 1980s in grain mllers in the grain processing
i ndustry (Al avanja et al. 1988). Such workers had been exposed to
1, 2-di bronmoet hane as wel | as al um num phosphi de, ethyl ene dichloride,
mal at hi on, and net hyl brom de.

Addi ti onal on-going studies regarding the health effects of 1, 2-dibronoethane
were reported in the Directory of On-Going Research in Cancer
Epi deni ol ogy (Parkin and Wahrendorf 1987). T. Meinhardt (NI OSH, G ncinnati,
Ohio) is conducting epidem ol ogical studies to investigate carcinogenic and
cytogenetic changes in two separate popul ati ons exposed occupationally to
1, 2-di bronmoet hane. J. Ratcliffe, fornerly of NIOSH, was investigating
cytogenetic and reproductive effects of exposure to 1, 2-di bronoethane during
occupati onal exposure to workers engaged in funigating papaya.
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