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Hazard Review
of

Bis(chloromethyl)ether (BCHE)

The first accounting o©f &a carcicogenic potential for
bis{chicromethyl)ether (BCME) was made by Van Duuren et al (1] in
1963. In this report Van Duuren et al compared the toxicityfof BOME
with iﬁs mopofunctionsl anslog., chloromathyl methylrethez (GME), and
discovered the former to possess much greater poteatizl for inducing
skin tumors in mice and rats. Fe classed ECME with such other
bioclogically =active slkylating agents as nitrogen mustards, epoxides,
aﬁﬂ beta-iactones. In the study, Swiss mice were skirn painted with
2.6 mg BQE/C.1 .ml benzene thréé times & week for 323 days. Of 20
mice so treated, 13/20 developed palpillomas of which 12 progressed to
squamous cell carveinomag by :he tgrminaticn of the exposure period.
‘The prior application of benzolalpyrene as an imitiator served only to
raduce the latency peziod for tumﬁz induction, but did not increass

tumor yield. No tumors developed in the wvehicle control animzis.

In & related experiment, 6-week old rats were injecied 3 times
monthly with S.O‘Eg BCME/0.1 ml paraffin oil for 301 days, until
severe‘ tulceration at the site of injection precluded <further
injections.  Of the 20 rats [2] so ﬁréated, these investigators
repoTted 11 /animals with_palpable-lesions, 2 with fibrosarcomzas znd

ong with a fibroma. A later paper by these investigators' [2}, which



updated these initizl findings [11, reported 2 total of 5/20 animzls
developed fibrosarcomzs and 2 developed fibromas, The BCME used in
the study wzs determined to be greater tham 99 percént pure with =z
trace of a2 carbonyl-containing impurity, but no detectable quantity of
CMME, In the 1latter study {2] the investigators concluded that, "A
single exposure to either CGME or BCME followed by continued low

levels of envirommental tumor-promoting agents can be tumorigenic.”

Gargus et a1 [3] published az study in 1969 in which newborn Swiss
mice were given a single subcutznecus injection of 12.5 1l BOME/kg
body weight im (.05 mi peznut oil, ,Of the 100 mice so trezted (50
male; 50 female), 45/100 developed lung adenomas (45 perceat). in
wvehicle control animals oﬁly 7/50 animals developed lung adenomas (14
percent). Commercial grade BGHME was used in this study.

In 1971 Leong et &i [é] bubliéhed the results of their
investigations imvolwving the induction of 1lung adenomas in tuxmor-
sensitive mice (Stzain AfHeston) exposed to 1 ppm of industrial grade -
BCME vepor. Analytical determinzstion of the BGOME concentration in the
znimal exposure chambers was not accomplished. Instead, the exposure
concentration (1 ppm) was mzintained by proportioning the rate of
diluent airfiow and precisiom meterinngf BCME into the sirstresm.
Fifty (50) of the animzls were exp;sed to this concentration of BQIE
for €6 hoursf/day, 5 days/week for 82 exppsure,days in 27 weeks. A

total of 37 animals died during the eﬁéosnre period. Of 47 animzls



autopsied, 37 were discovered with lung aBnormalities and 26 of the 37
had developéd lung tumors (55 perceﬁt 6f the totalj with the reg;ining
znimals showing pinpoint pulmonary hemorrhages. The mean number of
tumors per animezl was 2.89. The control group (with 2 known base
frequency of spontanecus lung tumor incidence of 40 percent) recorded
20/4S% with lung tumors. The investigators emphasized in the study
tﬁat, in, addition to the carcinogenic pctentiai of BCME,‘thé zbsence
of irritaat warning renders this substance extremely hazardous in the -

occupational setting.

Aécﬁher inhalation study conducted‘by Laskin [5], and published
in 1971, repofted onn the extrems hazard associated with exposure to
only very sm=il concentrztions of BCME. In the study, 30 Sprague-
Dawley rats were exposed to 0.1 ppm BCME for 6 hours/aay, S days/week,

for 101 ezposures. All 30 of t@e animals died within 659 days frdm
the initiation of exposure. Eiééologic examination had besn completed
.on 19 of the 30 animals at the'time of ;he report and sguamous cell
carcinoma of the lung had been discovered in 5/19.,  Five (5) other
animals revealed esthesioneuroepithelicmas arising from the olfactory
epithelium which invaded the sinuses, cranial vault and bréin, and ons
znima2l had both types of tumors. Thé pulmonary tumors were observed
2rlier than the naszl tumors:; 332 to 463 days compared to 346 to 488

dajs, respectively, after initiation of exposure.



in light of the startling incidence of lung carcinomas amuﬁg rats
foliowing chronic inhalation of (.1 ppm BCHME, the .Naticnal Institute
for Occupztional Safety and Hezlth undertook a rapid investigztion of
plants producing .anion‘ exchange resins, a manufacturing process
involving BCME as 2 contamimant in the chioromethylation of

polystyrene beads., [6]

Selected for study was a chemical facility which developed and
used an anion exchaﬁge produéticn system since about 1855. An
‘imdustrialbhygiene survey was made of this facility im early 1972, [71
As sgutum.éytology was considered a semsitive method for assessing
e=rly dinjury to the bronchial epitheliuﬁ by carcinogenic agents long
before Ilung méliggancy‘afpears radi;graphically,"SPutum samples wvere
obtained_ by standar§ techﬁiques on 115 current employees at this

facility.,

Suzvey results (Tables I and II) demonstrated that the prevalence
of moderate and marked atypia eytology was significantly higher (p4
0.025) &zmong persons exposed to BCME for 5 or more years than among
age-sex cigarette matched uranium surface workers not so ex%@égd. No
significant difference in cytoiogy was demonstrzble, however, for
office employees and those individuals employed less than 5 yezsrs in

areas involving BCME exposure as contrasted with their age-sex

cigzrette matched controls.



- Although ne frank malignancies were detected during the course of
this sputum survey, the results were consistent with & carcinogenice

setimulus of BCME.

Further substantiation Of, the humzn carcinogenicity of BCME is
provided by provisiomzl results of a NIOSH retrospective cchort study
of 1lung cancer incidence among 211 former and current empioyezs of
this plant (Tzble IIT). A significantly increased risk of lung cancer
(4 cbserved vs 0.54 expected, p{0.01) was demonstrated within 15 yeaﬁs
since onset of exposure among those individuals employed for 5 or more
¥EaTs in pfoduction—maintenance operations dinvolving BCME. In
addition to the 7 fold increase of lung cancer among this group, =
preponderance of undifferentiel oat cell carcinomas was found. is
patiera of risk and histology is similar to that recently reported

below by Figuercz et al [8] for ancother amion exchange fzcility.

A contemporary epidemiologic study by Figueroaz, Raszkowski and
Weiss [8] has stromgly implicated CMMEAag a human carcinogen, althoggh
concomitant exposure to BCGME probably occurred also. The study
involved 1& czses of lung cancer in wotkers exposed to GQME for
estimated periods of omne to 14 years. A1l but ome of 13
histologica;ly confirmed cases had cat cell carcinomz of the lung. An
in:iaence of 4.54 percent occurred in a prospective five-year study of
125 exposed workers in which the 4 cases observad during this period

were in a group of 88 workers 35 to 547§gars of age. The incidence of



lung cancer in the Philadelphiz Pulmonary Neoplasm Research Project,
[2] which ‘was conducted in conjunction with the reported study, was
0.57 percent. The statistical difference between the two indices was
highly significant (p 0.0017). One of the cases invoived a chamical
operafor who had been exposed to CMME for 12 years and . . . stated
that 13 of his fellow workers had Iung camcer . . " Working
conditions, as described by this employes, had been primitive with
opan containers of CHME and visible fumes. Furthermors, ". . . The
employees considered it 2 good day if the entire building had to be
evacuzted only three or four times per eight-hour shift because of

roxious fumes."”

Retrospective  investigation of mediczl rtecords and smoking
histories of 211 14 cases revealed that 3 of the 14 had never smoked
and that 211 workers with ocat cell earcinome (12/14) died within 20

months of diagnosis.

The finding thatrall'but one of the 13 histologically‘confirmed
cases involved gat cell carcinomz of the 1lung, a particularly rare
- type of lung carcinoms in the general population, [8] further
implicsted an alkylating agent as the étiologic factor. Wagoner [10]
et a1 emphasized in their epidemiolozic study of uranium miners
published in 1965 that ozt celil caécinoma was the predominant type of
lung cancer observed in uranium miners, and also in a Japsnese study

[11] of workers exposed to mustard gas (an alkylating agent). in =



contemporary paper, Archer, Saccomznno, and Jomes [1Z] presented
evidence that the number of cases of oat cell carcinomaz of the lung
among uranium miners was 24 times greater than that "expected.”
Alkylating agents are considered to be radiomimetric in their biologic

activity.

Figueroa et al [8] stated in their paper that commercial grade
CME contains 1 to § percent BCME. On the basis of previous animal
investigations which  have demonstrated & grezter carcinogenicr
potential for BOE as contraéted to GIME, it must be supposed that the
BCME content of the CMME may have been responsible for the observed
czrcinogenic effects in humans irn this study. However, the fact that
substantizl exposure to CMME (and, it must be presumed, to BOME)} did
occur. in each of the 14 cases demands that a cezeinogenic role for

this hale ether cannot be eliminated.

In a2 contemporary paper published by Thiess et 21 [13] in 1973,
it was reﬁcrted that of 18 individnals employed in a technical
research center, 6 died with carcinomz of the‘lung. In zddition, 2 of
50 production facility employees died of lung cancer within the szme
6-yezr exposure period (1956-1962). ~The average latency period to
avpezrance of lung tumors was 8 to 16 years., Of the 8 totzl cases
gbserved, 5 were diagnosed as "small-cell careinoms" (Yoat cell
carcinomza®). No environmental measurements were made for  BCME

concentration in the workplace 'during the exposure period under



consideration (1956-1962), but such concentrations were considered
minimal because of the readiness with which BCHE is detected at very

iow comcentrations due to its strong irritant actiom.

It is of dinterest that the production faeility, where 2 of the
cases of lung czncer cccured, was a "closed unit" egquipped with an
exhaust apparatus and workers were required to wear fresh air masks.

The investigators concluded that:

On the basgie of information now availsble, we believe that the
iung cancer cases reported by us are, with definite prcbab%lity,
caused Ey many years of  breathing unknown samounts of
dichlorodimethyl ether [BCME]. This assertion is supported by
animal tests available irn the meantime and z2lso by the knowm

cbservations made in Califcrnia,

Van Duuren, Laskin, and Nelson [14] summarized the potentizl
hazard associated with exposure to GHME and BCME in a letter to the -

Editor of Chemical and Emngineering News omn March 27, 1972:

Chemiczl carcinogens can be either direct-acting or
indirect-zcting. The latter type have to be metabolized
in vivo to prozimal carcinoge%s and, hence, these
indirect-acting agents zre highly organ and species-

. specific since the metsbolie pattérns vary by organ and



gpecies. The direct-acting agents, which include
alkylating carcinogens such as QRE and BCHME, act
normally at the site of exposure and they are
~earcinogenic in several specles and organs but
usually only at the site of exposure. Since these
direct-zcting alkylating agents are carcinogenic in
several animsl species, they must be regarded as
potentialily carcinogenic in man. The alpha-chloro
ethers sheould, therefore, be regarded as potentially
seriocus occupational hazards in chemical industry and
in research lzborztories where they may not always be

>

tiandied with proper precautions.

An amnouncement [15] recently has beesn made that hydrogen
chloride (HC1) aund formaldehyde (HCHO) combine under ordinary azwbient
conditions, or in aqueous solutions, to form BCME, The importance of
this discovery as concerns the ubiquitous availability of BOME is
readily appereant. It must not be over;ooked in this respect, however,
thet QLIE rapidly decomposes both in air and in aqueous solutionms to
vield the sbove rezactants {1,.13,15]1:

ClCEz-O—GH3 + HOH=$=CH3OH + HCHO + EC1
Hence, pure CMME even uander the most rigid experimental conditions is

.practically impossible to obtain or, once produced, to maintain

without the subsequent formation of smzll zmounts of BCME. Therefore,



the practicability of exmposure to QRE in the workplace without

concomitant-exposure to BCHE is highly questionable.

it is very possible, bésed‘ on availisble 'animal.studies and
epidemiologic investigations of exposed wafkers, that BCME mz2y be one
“o£7>fhé most potentially hazzrdous cafcinogens found in the wﬁrkplaﬁe.
The fact that Iunder- ofdinary éoﬁditions BCME is formed whensver
formaidehyde and hydrogen chioride are present reguires continuous
sﬁrvéillance of workplaces where tﬁese two compounds m=y be pressnt
simuitzneously. The hazard of lung cancer from cccupational exposure
to BCME requireslthe most stringent measures be employed“to zssure

euployess are not exposed to this substance by any route.

16
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TABLE III

PRODUCTICN AND MATNTEWANCE WORKERS WITH
5 YEARS EXPOSURE TO BIS{CHLOROMETHYL)ETHER
IV AN ANICH-EXCHANGE RESIN OPERATION

- Aze 5-9 i0-14 15-19 220 Total
20-2% 5 3 5
25=29 56 59
30-34 74 16 i o1
35-39 77 28 2 107
L0424 74 59 i i34
45-49 45 3¢ - 19 103
50-54 22 21 8 5 36
55-59 34 i3 8 55
€0-64 20 26 4 50
65-69 8 i7 7 32
70-74 ] 7 i3
275 - - - - -
Person

Yezrs &15 230 57 . s 707
Pezrcent ~

Person 58.7% 32.5%2 8.82

Yeazrs

SIR = 4/.55613 x 100 = 733 Confidence 1limit p€.01  .672

0001

.0028
.0095
.0328
.0526
.0518
.1055
.1325
.1004
0532

Obs.

<5413

Exp. based on age = respiratory tract cancer specific incidence

white Connecticut males, 1960-1962.
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