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2. HEALTH EFFECTS

2.1 | NTRODUCTI ON

Thi s chapter contains descriptions and eval uati ons of studies and
interpretation of data on the health effects associated wi th exposure
to BCME. Its purpose is to present |levels of significant exposure for
BCMVE based on toxicol ogi cal studies, epidem ol ogical investigations,
and environnmental exposure data. This information is presented to
provi de public health officials, physicians, toxicologists, and other
interested individuals and groups with (1) an overall perspective of
t he toxicology of BCME and (2) a depiction of significant exposure
| evel s associated with various adverse health effects.

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

Level s of significant exposure for each exposure route and
duration (for which data exist) are presented in tables and illustrated
in figures. The points in the figures show ng no-observed-adverse-
effect | evels (NOAELS) or | owest-observed-adverse-effect |evels
(LOAELs) reflect the actual doses (levels of exposure) used in the
studi es. LOAELs have been classified into "l ess serious" or "serious"
effects. These distinctions are intended to help the users of the
docunent identify the | evels of exposure at which adverse health
effects start to appear, determ ne whether or not the intensity of the
effects varies with dose and/or duration, and place into perspective
t he possi ble significance of these effects to human heal th.

The significance of the exposure |evels shown on the tables and
graphs may differ depending on the user's perspective. For exanpl e,
physi ci ans concerned with the interpretation of clinical findings in
exposed persons or with the identification of persons with the
potential to devel op such disease may be interested in | evels of
exposure associated with "serious" effects. Public health officials and
proj ect nmanagers concerned with response actions at Superfund sites may
want information on | evels of exposure associated with nore subtle
effects in
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humans or animals (LOAEL) or exposure |evels bel ow which no adverse
effects (NOAEL) have been observed. Estimates of |evels posing m ninma
risk to humans (mninmal risk |evels, MRLs) are of interest to health
professionals and citizens alike.

For certain chemcals, |levels of exposure associated with
carcinogenic effects may be indicated in the figures. These |evels
reflect the actual doses associated with the tunor incidences reported
in the studies cited. Because cancer effects could occur at |ower
exposure levels, the figures also show estimated excess risks, ranging
froma risk of one in 10,000 to one in 10,000,000 (10° to 107), as
devel oped by EPA.

Esti mates of exposure levels posing mnimal risk to humans (MELS)
have been nmade, where data were believed reliable, for the nost
sensitive noncancer end point for each exposure duration. MRLs include
adjustnents to reflect human variability and, where appropriate, the
uncertainty of extrapolating fromlaboratory animal data to hunans.

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

2.2.1 | nhal ati on Exposure

A nunber of cases of inhalation exposure of humans to BCME have
occurred in the workpl ace. However, data on BCME concentrations in
wor kpl ace air are rarely avail able, and exposure to BCME often occurs
in conjunction with exposure to other chemcals, particularly
chl oronet hyl nethyl ether (CME). Consequently, there are no reliable
dose-response data in humans. The effects of inhalation of BCVE have
been investigated in animals, wth principal enphasis on carcinogenic
effects. Available data on the health effects of inhalation of BCMVE are
summarized in Table 2-1 and Figure 2-1 and are di scussed bel ow.

2.2.1.1 Deat h

No reports of acute human lethality due to inhalation of BCVE were
| ocated. Increased nortality from cancer has been observed in humans
exposed to BCME in the workplace, as discussed in detail in Section
2.2.1.7.
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TABLE 2-1. Levels of Significant Exposure to BCME - Inhalation

Exposure
Graph Duration/ Syst. LOAEL (Effect)
Key Species Frequency Effect NOAEL Less Serious Serious Reference
(ppm) (ppm) (ppm)
ACUTE EXPOSURE
Death
1 rat 1 exp. 0.7 2.1 Drew et al. 1975
7hr
2 rat 3d 1.0 Drew et al. 1975
6hr/d
3 rat 1 exp. 7 LC50 Drew et al. 1975
7hr
4 mouse 1 exp. 5.3 LCS50 Leong et al.
6 hr 1971
5 hamster 1 exp. 0.7 2.1 Drew et al. 1975
7 hr
6 hamster 3d 1.0 Drew et al. 1975
6hr/d
7 hamster 1 exp. 7 LC50 Drew et al. 1975
7hr
Systemic
8 rat 1 exp. Resp 0.7 edema Drew et al. 1975
7 hr
9 hamster 1 exp. Resp 0.7 edema Drew et al. 1975
7 hr
Neurological
10 rat i0d 1 subarach. Drew et al.
6 hr/d hemorrhage 1975
INTERMEDIATE EXPOSURE
Systemic
11 rat 6 mo Resp 0.1* Leong et al.
6hr/d Cardio 0.1 1981
S5d/wk Gastro 0.1
Hemato 0.1
Musc/skel 0.1
Hepatic 0.1
Derm/Oc 0.1
Other 0.1
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TABLE 2-1. - continued

Exposure
Graph Duration/ Syst. LOAFL (Effect)
Key Species Frequency Effect NOAEL Less Serious Serious Reference
(ppm) (ppm) (ppm)
12 mouse 82 d Resp 1 edema Leong et al.
6hr/d 1971
5d/wk
Neurological
13 rat 6 mo 0.1 Leong et al.
6hr/d 1981
5d/vwk
Reproductive
14 rat 6 mo 0.1 Leong et al.
6hr/d 1981
5d/wk
Cancer
15 rat 6 mo 0.1 CEL (nasal Leong et al.
6hr/d tumors) 1981
5d/wk
16 rat & wk 0.1 CEL (nasal, Kuschner et al.
5d/wk lung tumors) 1975
6hr/d

8Used to derive intermediate MRL; dose adjusted for intermittent exposure, converted to an equivalent
concentration in humans, and divided by an uncertainty factor of 100 (10 for extrapolation from animals
to humans, and 10 for human variability), resulting in an MRL of 0.0003 ppm. This value is presented

in Table 1-1.

NOAEL = no-observed-adverse-effect level; LOAEL = lowest-observed-adverse effect level; ppm = parts per
million; exp = exposure; hr = hour; d = day; Lcﬁ° = lethal concentration, 50X mortality; Resp. =
1

Respiratory; Subarach = subarachnoid; mo = mont

wk = week; Cardio = cardiovascular; gastro = gastro-

intestinal; hemato = hematologlcal; musc/skel = muscular/skeletal; derm/oc = dermal/occular; CEL = cancer

effect level.
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In rats, the acute inhalation LC, for a 7-hour exposure has been
estimated to be 7 ppm (Drew et al. 1975). The cause of death was acute
lung irritation that resulted in congestion, edema and henorrhage. A
simlar LC, of 5.3 ppmfor a 6-hour exposure was estinmated in mce
(Leong et al. 1971). A single 7-hr exposure to 0.7 ppmdid not cause
acute or delayed nortality in rats or hansters, but a single exposure
to 2.1 ppmlead to marked reduction in life span in both species (Drew
et al. 1975). Repeated exposures (6 hr/d) to 1 ppmlead to a duration
dependent increase in nortality. In rats, 3 exposures to 1 ppmlead to
50% nortality after about 20 weeks, and 10 exposures lead to 100%
nortality within 10 weeks. In hansters, 3 exposures caused 50%
nortality after about one year, and 30 exposures caused 100% nortality
Wi thin about 10 weeks (Drew et al. 1975). The data on lethality
following three exposures to 1 ppm have been presented in Table 1-2.
Exposure to as little as 0.1 ppm caused increased nortality in rats
when exposure was extended to six nonths (Leong et al. 1981), primarily
because of the occurrence of nasal tunors (see Section 2.2.1.7, below).

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

2.2.1.2 System c Effects

Respiratory Effects. As noted above, BCME is acutely irritating to
t he | ungs, causing congestion, edema and henorrhage in rats and
hansters at exposure levels of 0.7 ppmand higher (Drew et al. 1975).
Thi s val ue has been presented in Table 1-2.

Exposure of mice to BCVE at 1.0 ppm (6 hr/d, 5 d/wk) for 82 days
caused marked respiratory distress (Leong et al. 1971), while exposure
of rats to 0.1 ppm (6 hr/d, 5 d/wk) for six nonths did not result in
edema, henorrhage or any effects on the histol ogical appearance of the
lung (Leong et al. 1981). The value of 0.1 ppm has been used to
cal cul ate the internedi ate inhalation MRL val ue of 0.0003 ppm as shown
in Figure 2-1 and described in the footnote in Table 2-1. This val ue
has al so been presented in Table 1-1.

I n humans, exposure to vapors of chloronethyl nethyl ether (CVE)
containing BCME as a contam nant |lead to increased incidence of chronic
bronchitis, manifest as chronic cough and inpaired respiratory function
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(Wi ss and Boucot 1975; Weiss 1976). Since CME is itself a lung
irritant, it is not possible to determ ne the degree to which BCVE may
have contributed to the observed respiratory effects.

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

O her Systemc Effects. System c effects other than on the |ungs
have not been observed foll ow ng inhal ati on exposure to BCVE. Leong et
al . (1981) observed no effects on cardi ovascul ar, hemat ol ogi cal ,
gastrointestinal, nuscul oskel etal, endocrine and subcutaneous tissues
inrats exposed to 0.1 ppmfor six nonths (6 hr/day, 5 days/week). This
is consistent with the hypothesis that rapid hydrolysis of BCME
precludes direct action at tissues beyond the respiratory epithelium
The resulting hydrolysis product (formal dehyde and HCl ) are presunably
absorbed and distributed throughout the body, but at |evels
sufficiently low that no effect fromthese degradation products are
expect ed.

2.2.1.3 Neur ol ogi cal Effects

Leong et al. (1981) reported that exposure of nale rats to 0.1 ppm
for six nonths did not result in observabl e histopathology in the
nervous system but no tests of nervous system function were perforned.
Drew et al. (1975) noted extrene irritability in rats and hansters
exposed 10 to 30 tines to 1 ppm of BCME, and concluded that this was
evi dence of central nervous systemeffects. However, these synptons were
probably due to treatnent-related stress associated with the dis-confort
of BCME exposure. An apparent dose-dependent increase in the frequency
of subarachnoi d henorrhage was noted, but the cause of these |esions and
the significance were not discussed. As detailed in Section 2.2.1.7
(bel ow), nasal tunors of neural cells esthesioneuroepithelionas) have
been noted in rats exposed to 0.1 ppmfor 5-6 nonths (Kuschner et al.
1975: Leong et al. 1981).

2.2.1.4 | mmunol ogi cal Effects

No studies were |ocated regardi ng i nmunol ogi cal effects in humans
or animals follow ng inhal ati on exposure to BCME.
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2.2.1.5 Devel opnental Effects

No studies were |ocated regardi ng devel opnental effects in humans
or animals follow ng inhal ati on exposure to BCME.

2.2.1.6 Reproductive Effects

No studies were |located regarding effects on reproductive capacity
in humans follow ng inhal ati on exposure to BCME.

Leong et al. (1981) found no histol ogical evidence of injuries to
the testes of rats exposed to 0.1 ppmof BCMVE in air for six nonths.
However, no tests of reproductive function were perfornmed, and rio
tests were perforned on femal es.

2.2.1.7 Genotoxic Effects

No studies were |ocated regardi ng genotoxic effects in humans
follow ng inhal ati on exposure to BCVE. Leong et al. (1981) did not
observe any effects on bone marrow chronosones in rats exposed to 0.1
ppm for six nmonths (6 hr/day, 5 days/week). However, the data as
reported are not sufficient to conclude definitely that BCVE is
i nactive
in this system

2.2.1.8 Cancer

A nunber of case studies and epi dem ol ogi cal studies of
occupational | y-exposed workers indicate that inhalation of BCVE or CME
containing BCME is associated with increased risk of |ung cancer
(Figueroa et al. 1973; Thiess et al. 1973; Sakabe 1973; Al bert et al.
1975; Weiss and Boucot 1975; DeFonso and Kelton 1976; Lenen et al.

1976; Weiss 1976; Pasternack et al. 1977; Reznik et al. 1977; Wi ss
1982; Roe 1985; Maher and DeFonso 1987; Col lingwood et al. 1987). Table
2-2 summari zes the data from sonme of these studies. Al though the study
popul ations in these reports were often exposed not only to BCVE but to
CMVE and other chemcals as well, the consistent findings strongly
support the conclusion that BCME is a |ung carcinogen in humans.

Al t hough quantitative data on exposure |evels were not avail abl e,
increased risk as a function of exposure duration and/or qualitative
estimates of exposure intensity was noted in sone cases (DeFonso and
Kel ton 1976). A high proportion of the respiratory tunors were oat cel
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Lung Cancer Mortality in Workers Exposed to
BCME and Technical Grade Chloromethyl Methyl Ether

Number of Number of Increased Risk

Exposed Duration of Exposure Observed Lung Expected Lung (Obs. /Exp.) Reference
Population Cancer Deaths Cancer Deaths (P value)
669 chemical <1 yr (n=389) 3 2.1 1.2 DeFonso and
plant 1-5 yr (n=170) 5 1.3 3.8 (P<0.05) Kelton 1976
workers 2 5 yr (n=101) 11 1.1 9.6 (P<0.01)

Total (n=669) 19 5.0 3.8 (P<0.01)
1446 chemical X12 years 39 18.1 2.15 (P<0.001) Welss
plant workers et al. 1979
(465 exposed)
721 chemical £19 years 23 4.5 5.1 (P<0.05) Pasternack
plant workers et al. 1977
762 chemical <31 years 32 7.5 4.3 (P<0.01) Collingwood
plant workers et al. 1987
136 anion- 25 years 5 0.54 9.24 (P<0.01) Lemen
exchange et al. 1976
plant workers

3
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carci nomas (Lenen et al. 1976; Figueroa et al. 1973; Wiss et al.

1979). Sone tunors appeared after only 5 to 10 years of exposure (Wiss
and Boucot 1975; Weiss 1976) in young workers (Figueroa et al. 1973;
Reznick et al. 1977).

A nunber of studies in animals confirmthat BCVE is a potent
carcinogen with a short |atency period. Sone of the key data fromthese
studies are summarized in Table 2-3. As shown in the table, |levels as
low as 0.1 ppm of BCME produce a high incidence (60%to 86% of
respiratory tract tunors in exposed rats, and sone tunors devel oped in
ani mal s that had been exposed for periods as short as two weeks
(Kuschner et al. 1975; Laskin et al. 1971; Leong et al. 1981). Most of
the tunors were nasal tunors, although sone |ung tunors al so devel oped.
Under simlar conditions, mce exposed to 0.1 to 1.0 ppmdid not
devel op nasal tunors, but they did have a slight increase in the
i nci dence of mce with pul nonary adenomas (Leong et al. 1981) and in
t he nunber of tunors per tunor-bearing nouse (Leong et al. 1971). No
i ncreased incidence of nasal tunors or |ung adenomas was noted in rats
or mce exposed to 0.01 or 0.001 ppm (Leong et al. 1981). Hansters
appear to be nore resistant to the carcinogenic effects of BCMVE t han
are mce or rats. However, Drew et al. (1975) observed nasal tunors
after two years in two hansters that had been exposed only one to three
times to 1.0 ppm BCVE. Hansters exposed for 10 tinmes or nore to 1.0 ppm
had shortened |ifespans, so tunors may not have had tinme to devel op.

Based on the evidence reviewed above, EPA has concluded that BCVE
is a known human carci nogen (EPA Group A). Enploying the data of
Kuschner et al. (1975), EPA (1988) has cal cul ated an upper bound cancer
potency factor (q,*) of 220 (ng/kg/day) . Assuming that a 70-kg adult
i nhal es 20 mi/ day, the concentrations of BCMVE associ ated with upper
bound human risk levels of 10° 10° 10° and 10" are 3.4 x 107, 3.4 x
10° 3.4 x 10° and 3.4 x 10'° ppm respectively. These val ues, and
doses whi ch have been observed to cause cancer, are plotted in Figure
2-1.

2.2.2 Oral Exposure
2.2.2.1 Deat h
No studies were located regarding acute lethality in humans

follow ng oral exposure to BCME. The acute oral LD, in rats for
undiluted BCVE is estimated to be 280 ng/ kg (Uni on Carbi de 1968).



19

2, HEALTH EFFECTS

TABLE 2-3. Inhalation Carcinogenicity of BCME in Animals

Exposure
Species Exposure Duration/ Respiratory Tumor Types References
Strain Level, ppm Frequency Tumors®
Rats 0.1 2 weeks (10 exposures) 1/41 (2%) Nasal ‘nthesio- Kuschner et al. 1975
Sprague- 4 weeks (20 exposures) 3/46 (6X) neuroepithelioma,
Dawley 8 weeks (40 exposures) 4/18 (22X) lung squamous-
12 weeks (60 exposures) 418 (22X) cell carcinoma
16 weeks (80 exposures) 15/34 (44%)
20 weeks (100 exposures) 12/20 (60X)
Rats 0.0 6 months 0/112 (0X) Nasal Leong et al. 1981
Sprague- 0.001 6 hr/day, 5 day/wk 0/113 (OX) neurocepithelioma
Davley 0.01 0/111 (0X)
0.1 96/111(86X)
Mice 0 21 weeks 20/49 (612)b Lung Leong et al. 1971
Al/R 1 6 hr/day, 5 day/wk 26/50 (55X) adenomas
Mice 0.0 6 months 9/86 (10X) Pulmonary Leong et al. 1981
Ba/ICR 0.001 6 hr/day, 5 day/vk 5/54 (9X) adenomas
0.01 3/37 (8X)
0.1 8/27 (30X)
Hamsters 0.1 67 weeks 1/100 (1X) Lung Kuschner et al. 1975
Golden 6 hr/day, 5 day/wk carcinoma
Syrian
Hamsters 0.7 1 day (6 hr/d) 1/25 (4%) Nasal Drew et al. 1975
Golden 3 day (6 hr/d) 1/25 (4%) esthesloneuro-
Syrian 10 day (6 hr/d) 0/25 (0X) epithelioma

30 day (6 hr/d) 0/25 (0X)

20bservation, after exposure, was for lifetime or until animals were moribund.
A significantly higher number of tumors per tumor-bearing mouse was found in BCME-exposed versus control
mice.
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No studies were located regarding the following effects in humans
or animals foll ow ng oral exposure to BCME

2.2.2.2 System c Effects
2.2.2.3 Neur ol ogi cal Effects
2.2.2. 4 | mmunol ogi cal Effects
2.2.2.5 Devel opnental Effects
2.2.2.6 Reproductive Effects
2.2.2.7 Genotoxic Effects
2.2.2.8 Cancer

2.2.3 Der mal Exposure
2.2.3.1 Deat h

The estimated LD,, for a single dermal application of undiluted
BCVE to rabbit skin is 370 ng/ kg (Union Carbide 1968). No ot her
estimates of |ethal dermal doses were | ocat ed.

2.2.3.2 System c Effects

Dermal / Ccul ar Effects. Because BCME is highly reactive, it is
directly irritating to skin and other epithelial tissues. Chronic
(lifetinme) application of BCME (1 ng/dose) to the skin of m ce produced
a strong corrosive response, including hair |oss, henorrhagic rash and
edema of subcutaneous tissue (Van Duuren et al. 1968). In rabbits, a
single application of undiluted BCVE | ead to noderate erythema and
mar ked necrosis, and a primary dermal irritation score of 6 was
assigned (Union Carbide 1968). A dose of 5 /uL (7 ng) applied to the
eye of rabbits produced severe corneal necrosis (Union Carbide 1968).

O her Systemc Effects. No studies were |ocated regarding
respiratory, cardiovascul ar, gastrointestinal, hematol ogical,
nmuscul oskel etal, hepatic or renal effects in humans or animals
foll owi ng dermal exposure to BCME
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No studies were located regarding the following effects in humans
or animals foll ow ng dermal exposure to BCME:

2.2.3.3 Neur ol ogi cal Effects
2.2.3.4 | munol ogi cal Effects
2.2.3.5 Devel opnental Effects
2.2.3.6 Reproductive Effects
2.2.3.7 Genotoxic Effects
2.2.3.8 Cancer

The first report of the carcinogenicity of BCVE was that of Van
Duuren et al. (1968). Follow ng dermal exposure (skin painting), BCME
was found to produce skin papilloms and carcinonas in over 50% of mce
tested after 325 days of treatnent. The carci nomas appeared early, with
the first appearing after only 196 days of skin application. Subsequent
reports confirnmed these findings (Van Duuren et al. 1969, 1972; Zajdela
et al. 1980). BCME has al so been shown to be a skin tunor-initiator.
Thus a single skin application of 1 ng of BCME fol |l owed by treatnent
wi th a known tunor-pronoter (phorbol nyristate acetate) produced
papillomas in a high percentage of treated mce (Van Duuren et al.

1968, 1969; Zajdela et al. 1980).

2.3 RELEVANCE TO PUBLI C HEALTH

Avail abl e data indicate that the toxic effects of BCMVE are
restricted to the epithelial tissue where exposure occurs, and this is
consistent with the short half-life of BCMVE in aqueous nedia. Since
exposure is nost likely to occur by inhalation, the tissues at greatest
risk of injury are those of the respiratory tract. In particular,

i nhal ation of BCVE | eads to acute irritation, henorrhage and edema of
the lung, and resulting respiratory distress can lead to acute or
del ayed nortality.

At present, opportunities for exposure to | evels of BCME causing
acute lung injury are considered to be renote. However, |ow |l evels of
exposure may still occur, and these are of concern because of the high
carci nogeni ¢ potency of BCME. Nasal and |ung tunors have been observed
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in animals follow ng both internmedi ate and chroni c exposure to BCVE
vapor, and epi dem ol ogi cal studies in exposed workers strongly suggest
that BCME causes lung tunors in humans as well. This is supported by

t he carcinogenic activity of BCME foll owi ng dernmal and parenteral
exposure in animals (Gargus et al. 1969; Van Duuren et al. 1968, 1969,
1972; Zajdela et al. 1980).

An inportant aspect of the carcinogenicity of BCME is that chronic
exposure is not required for tunorigenesis. Respiratory tunors have
been noted in rats after as few as 20 exposures, and, although the
results are not statistically significant, nasal tunors occurred in a
few animals after only one to three exposures. Although no cases of
human cancer have been noted after acute exposures, the latency in
exposed workers is shorter for BCME than for npst other carcinogens,
and lung cancer can develop at an early age relative to lung cancer in
United States cigarette snokers. In addition, the respiratory tunors
produced in humans are predom nantly oat-cell carcinomas, a
particularly rapid-growing and highly |lethal tunor. These observations
enphasi ze the marked carci nogeni ¢ hazard of BCME.

BCME is a powerful alkylating agent (Van Duuren et al. 1968), and
as such woul d be expected to react readily with DNA and be a powerful
genotoxin. However, in vitro tests of nutagenicity have yiel ded m xed
results (Table 2-4), and no effect on bone marrow chronosones were
observed in rats exposed to BCMVE vapors for six nonths (Leong et al.
1981). Reaction of BCVME with DNA in vitro did not affect the nelting
tenperature or the buoyant density of the DNA, nor did it yield
i sol at abl e products on reaction with purines or DNA as did other
al kyl ati ng agents (Van Duuren et al. 1972). These observations suggest
that BCME nay be hydrolyzed so quickly in an aqueous environment (such
as a cell) that interaction with nucleic acids is very limted.
However, the data do not establish that |ow | evels of binding do not
occur.

The hydrol ysis products of BCME are formal dehyde and HC . Since
f or mal dehyde has been shown to produce nasal tunmors in rats (Al bert et
al . 1982; Sellakumar et al. 1985), it is possible that at |east sone of
t he carcinogenic potential of BCME may be due to this degradation
product. However, it is apparent fromthe difference in potency (BCVE
is much nore potent than fornmal dehyde) that this cannot be the sole
mechani sm of carcinogenicity. It is also possible that BCM,
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TABLE 2-4. Summary of In Vitro Genotoxicity
Studies on BCME

Test Dose or Exogenous
System Concentration Activation Results Reference
S. typhimurium  NR® + No increase in Anderson
= (TA 1535, reversion and Styles
TA 1538, TA 98) frequency (less 1978
than 2-fold
increase)
S. typhimurium 20 pg/plate + 3-fold increase  Anderson
(TA 100) in reversion and Styles
frequency 1978

(®)Not reported
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f ormal dehyde and HO interact synergistically within the cell, but
there are no data to clearly support this possibility. Rather, studies
by Al bert et al. (1982) and Sell akumar et al. (1985) indicate that

i nhal ati on exposure of rats to m xtures of formal dehyde and HC results
inlittle change in the frequency of nasal tunors conpared with
exposure to formal dehyde al one. However, one animal in this study

devel oped an est hesi oneuroepitheliom, a rare kind of tunmor which is
characteristic of BCVE exposure.

2.4 LEVELS | N HUVAN Tl SSUES AND FLUI DS ASSOCI ATED W TH HEALTH EFFECTS

No studies were |ocated regarding the presence of BCME in human
tissues and fluids. It is expected that BCME does not endure in tissues
due to its rapid hydrolysis. Measurenent of the hydrolysis products
(formal dehyde and HC) is unlikely to be a useful index of exposure,
since levels of these products are highly variable due to formation
from ot her sources, and the contribution from BCVE woul d be extrenely
smal | and al nost certainly would not be detectabl e agai nst
background. | evel s.

2.5 LEVELS | N THE ENVI RONMENT ASSOCI ATED W TH LEVELS | N HUVAN Tl SSUES
AND/ OR HEALTH EFFECTS

As previously noted, there are no data available on the | evels of
BCMVE or its netabolites in tissues of humans or animals. Although there
are a nunber of epidem ol ogi cal studies involving occupational exposure
to BCVE, there are no data on the concentrations of BCVE to which
wor kers were exposed. Consequently, there is no information on the
rel ati onshi p between environnental |evels of BCME and any health effect
or tissue |level in exposed humans.

2.6 TOXI COKI NETI CS

No information was | ocated on the toxicokinetics of BCME in
animals or humans. It is expected that BCVE is rapidly degraded in the
aqueous environnment of tissues, form ng formal dehyde and HC .
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2.7 | NTERACTI ONS W TH OTHER CHEM CALS

No information was | ocated regarding interactive effects of BCVE
with other chem cals that would be relevant to its toxicity. Chemcals
of special interest include chloronethyl nethyl ether, fornmal dehyde and
HCl, since exposure to BCME frequently occurs along with exposure to
CMVE, and formal dehyde and HCO are formed as BCME deconposes.

2.8 POPULATI ONS THAT ARE UNUSUALLY SUSCEPTI BLE

No evidence was | ocated to suggest that any one group of humans
are nore susceptible to BCME than another. Since no data are avail able
on pharmacoki netics or nechanisns of action, it is not possible to
predi ct popul ations that m ght be unusually susceptible to BCME on the
basis of genetic traits or health status.

2.9 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, directs the Adm nistrator of ATSDR
(in consultation with the Adm nistrator of EPA and agencies and
prograns of the Public Health Service) to assess whet her adequate
information on the health effects of BCME is avail abl e. Were adequate
information is not avail able, ATSDR, in cooperation with the National
Toxi col ogy Program (NTP), is required to assure the initiation of a
program of research designed to determ ne these health effects (and
techni ques for devel oping nethods to determ ne such health effects).
The foll ow ng discussion highlights the availability, or absence, of
exposure and toxicity information applicable to human heal th
assessnent. A statenment of the relevance of identified data needs is
al so included. In a separate effort, ATSDR, in collaboration with NTP
and EPA, will prioritize data needs across chem cals that have been
profil ed.

2.9.1 Existing Information on Health Effects of BCME

As shown in Figure 2-2, no data exist on the effects of BCME in
humans, except for data on |lung cancer risk follow ng inhalation
exposure. In animals, there are limted data on the effects of
i nhal ati on exposure, but only one observation is available for oral
exposure (an estimate of the oral LD,). This is probably not a nmjor
l[imtation, since BCOVME is not stable in water or noist foods. There are
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FIGURE 2- 2. Existing Information on Health Effects of BCME
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limted data on dermal lethality and direct dermal and ocul ar
irritation, but none on any systemc effects follow ng dermal exposure.
Most research has focused on the carcinogenic effects of inhal ed BCM,
since this is the nost common route of human exposure.

2.9.2 Dat a Needs

Si ngl e Dose Exposure. Several studies have been perforned in
animals on the effects of single inhalation exposures to BCVE, and
exposure conditions leading to acute lethality are reasonably well
defined. However, the acute does-response curve for sub- lethal effects
on the lung has not been determ ned, and further studies to identify
t he acute NOAEL woul d be val uable. Due to the rapid hydrol ysis of BCME,
effects are not likely to occur in nonepithelial tissues, but careful
studies to investigate this would still be appropriate.

Repeat ed Dose Exposure. Avai | abl e studies on the effects of
repeated inhal ati on exposure of animals to BCVE (Leong et al. 1971
1981) indicate that an exposure level of 0.1 ppmis a NOAEL for nost
systemc effects in rats, while 1.0 ppmleads to significant injury to
lung in mce. Further studies to confirmthese estinates and to
determ ne both NOAEL and LOAEL val ues in each species would be usefu
in the protection of occupationally exposed workers.

Chroni ¢ Exposure and Carcinogenicity. A nunber of studies in
animals indicate that inhalation of BCVE is associated with risk of
nasal or lung tunors. In order to assess the potential risks in the
wor kpl ace, further studies in animals m ght be helpful in inproving
information on the dose and tinme-dependency of BCME-induced
tunorigenesis. In particular, studies would be valuable to investigate
why BCME i nduces tunors with such a short |atency, and why it results
in nasal tunors in sone species and lung tunors in others. Studies on
the interaction of BCVE with other chem cals such as CVE (with which it
is often associated in the workplace) would al so be val uabl e.

Genotoxicity. The genotoxicity of BCME has been investigated in
several strains of bacteria but such systens may not be optimal for
investigating the effects of such a rapidly hydrol yzed nmateri al .
Specifically, if BCVE acts as an al kyl ati ng agent to damage DNA, then
tests which favor hydrolysis before entry into the cell can occur may



28

2. HEALTH EFFECTS

yield msleading results. Tests in prokaryotic and eukaryotic systens
designed to mnimze the degree of hydrolysis in the nediumprior to
cell penetration would be valuable in estimating the potenti al
genotoxic effect of BCME on the respiratory epithelium

Reproductive Toxicity. Only one study, Leong et al. (1981), was
| ocat ed which addressed the toxic effects of BCVE on reproductive
organs. This study exam ned the histol ogi cal appearance of reproductive
tissues in male rats only, and no test of reproductive function was
performed. No studies were | ocated on reproductive effects in fenal es.
On this basis, nore extensive tests of BCVE exposure on reproductive
function in both male and fenmal e animal s woul d be val uable in
predicting the possible risk of reproductive effects in workers exposed
to BCME.

Devel opnental Toxicity. No studies were |ocated on the
devel opmental toxicity of BCME. Although the rapid hydrolysis of BCVE
makes it unlikely that BCVE could act on the fetus directly, effects
m ght still occur as a consequence of maternal toxicity.

| munot oxi city. No studies were |ocated on the effects of BCME
exposure on the i mune system Because the inmune systemis often
observed to be especially sensitive to chem cal toxicants,
investigations in animals on the effects of BCMVE on the inmune system
woul d be val uabl e.

Neurotoxicity. Drew et al. (1975) reported that inhalation
exposure of rats and hansters | ead to subarachnoi d henorrhage, but the
severity or significance of this finding was not discussed. These
limted data suggest that a nore thorough study of the affects of BCME
on the nervous system woul d be useful, including tests both of
functions (behavior, electrophysiological tests, etc.) and of structure
('hi st opat hol ogy).

Epi dem ol ogi cal and Human Dosinmetry Studies. A nunber of
epi dem ol ogi cal studi es have been perfornmed on workers exposed to BCME
in the past. Wiile these studies are limted by the absence of reliable
dosinetry data and the presence of other risk factors (snoking, other
chemi cal s), the data neverthel ess constitute strong evidence that BCME
i ncreases risk of lung cancer in humans. Although prospective
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epi dem ol ogi cal studies may not be feasible since exposure to BCME in
the workplace is now so limted, continued follow up of populations
exposed in the past will be helpful in refining estimtes of the

| atency and the incidence of cancer in these cohorts.

Bi omar kers of Di sease. No bi omarkers are known that are
specific for BCME-induced lung injury. Standard chem cal exam nation of
nose and throat can provide an index of local irritation, and
exam nation of sputum for abnormal cell types can provide information
on the state of the respiratory epithelium However, these tests cannot
di stingui sh BCVE-i nduced effects fromeffects caused by snoking or
exposure to other chem cals, and can only di scover changes after damage
to the tissue has already occurred. Continued efforts to devise nore
sensitive and nore specific early biomarkers of disease (especially
| ung cancer) woul d be val uabl e.

D sease Registries. There is no registry of humans with
BCMVEI nduced di sease. The identities of individuals who have died from
| ung cancer (particularly oat cell carcinoma) can be found by searching
death certificates, but it is expected that only a small fraction of
all such cases would be related to BCME exposure. Creation of a disease
registry for BCME woul d be valuable in helping to establish a clearer
under st andi ng of the associ ati on between BCVE exposure and | ung cancer.

Bi oavai l ability from Envi ronnmental Medi a. No studies were
| ocated on bioavailability of BCME in environnmental nedia. However,
this is not a significant limtation, since BCME is not expected to
occur in significant quantities in any nmedi um except air.

Food Chai n Bi oaccunul ati ons. No studies were |ocated on food
chai n bi oaccunul ation of BCVE. This is not a significant limtation,
however, since it is expected that BCOVE is rapidly hydrolyzed in |iving
organisnms and will not bioaccunul at e.

Absorption, Distribution, Metabolism and Excretion. No studies were
| ocated on the toxicokinetics of BCME in aninmals or humans. Although
acqui sition of such data is made difficult by the rapid hydrolysis of
BCMVE, studies focusing on the rate of entry of BCVE into epithelial
cells, the half-tinme for hydrolysis in the tissue environnment, the fate
of the degradation products, and interaction with DNA, if any, would be
val uabl e in understanding the toxicity of this conpound.
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Conpar ati ve Toxi coki neti cs. No studies were |ocated on the
t oxi cokinetics of BCME in different species. Such studies m ght be
hel pful in understanding the differences that have been observed
bet ween species with respect to carcinogenic potency and tissue
specificity (see Table 2-3).

2.9.3 Ongoi ng St udi es

No information was | ocated regardi ng ongoi ng research on the
health effects of BCME.
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