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- recent ohservations dentaastrate dw-ievel vinyl chioride-induced mansraary carcinoma,
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Recent experimental evidence indicales that strectnral analogs of vimyd chloride namely, vinylidene
chluride anid trichloreethlere, are mutapeasic. Carcincgenic reigonse alse has been observed in experi-
menta! anitads follewing eypusure to vinyildene chloride, trichlureeth: lene, and perchlorvethy lene, More .

An additivanl chicrinated olelin, chforopreve, has demonsirated a mutageme raspanse in several test
systems. Likewisa, several studies have indicated sinniffcant excesses of chromosomal aherrations as well
as adverte effects en reproductive function felloving male exposure 1o chlaroprene. Although reports
have indicnted an inceeased incidence of lung and skin canclr among workers occupationally exponed to
eiloruprene, adequately desiened studies have not been carried out wmch would allow the developmment ol _
valid infzeeuces regarding its carcinogenicity.

The guestion facing the seien:ific community and society is whether oliservations in subhuman species
arc adeqguate to institete nrudent public health gractice by controlling these agents as carcinogens or
rutagens or vhether, once again, post-hioe epidemiclogic enumeration of the tell will be required,
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Subsequently, investigators have assessad the
muiagenic and carcinogenic potential of th» struc-
tural analogs of VC: vinvlidene chioride (VOCQC),
trichloroethyleae (TCE), and perchlorgetnyiensa
(PCE). With regard to mutagenicity, both vinvi-
idene chloride and trichlorocthylene have tested
positive i S. typlumuritm (3-8) (C. Ramel. per-
sonal communication) in £. coli (9), ana TCE has
tested positive in Tradescantia (A, H. bpluro“‘
personal communication). Mutagenicity testing
__with perchlorogthylene has been negative (9).

Since the early 1940°s, there has been a tremen-
dous protiferation of maremade chemicals into the
worknloce. Becz1u~‘c of the luck of concern or
hnowledoe of the adverse effects of these chemicals
on workers, this profiferation of toxic agents hos
exlended into the envivonment from out-plant emis-
sions and fromt consumer erd-product use. A inalor-
ity of these chemicals has not been evaluatad for
potential danger as carcinogens, mutagens or
teratocers. Although carvinegens have been iden-
tified from studies ofﬁ dite occupadonal sroups, the
insensitivity of currently employed 'Epltemlolﬂglc

methods as well as the tack of a national policy for 1 : /cl; .
retention of personnel und madical records in the \\ vC .
occupationn! selting aecessitate the use of and re- 1~ \ H
liance upon laboras-ry assay for the detaction and
prevention of adverse heudtir effects to humans. AN /C‘.l .
The observation of vinvl chloride (VO)-tnduced /C::::c\ vDC
Cl

canccr. first in apimals ¢7, 2) and subszquently in

humans (7, 4) had a profound eftect on the need for 2

rapid reduction of VC levels in the indusuizl setting C!\ /Cl

and on the value ol luboratory assay. c;:——_c\ TCE
Cl

w

*Industry-wide Stadics Brimeh, Divistont off Survedlance,

tHazard Evaluatrons and Fickd Studess, National Is gute for ~— /Cl

Occupational Salety and Heakh, Uenter for Disease Control, C=——C PCE
Deportment of Health, Cducation and Wellre, Cincinnatt, Qlno e \

45202, Cl Cl ——
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Table L. Laboratery studies indicating eytogenctic. mutagenic, or reproductive effects of chloroprenc.

Labaratory test .

Investivators

system Observation

Mouse, rat Sterility

Rt " Dominant lethal:
effects on <perm:
testicular atrophy

Rat dominant tethal: chromosomal

.- - aberritions i bone marrow cells
_Rat Chromosomal aberrations in

buae marrow cells

Rat Chron.osomal aberrations in

9€0801 Sw¥Yy

bone marrow cells
S. txphimuriam
TA 1530
Mutigenic in TA 1333
Recessive tethal

S, evphinueium
Drosophila

Mutagenic in TA 100 or

von Qetuagen ot al. (13) .
D tian (19 -

_Bagramian and Babaian (/6

Volkova etal. (/17 -

Bartsch et al. (4. /8, 19) T

T Brusick (personal communicittion)

Vaoeel (2)

Davtian et al. (I5) ST

e
v

4

|
[ |

With regard to cincinogenicity, VIOC. TCE, and
PCE all huve induced cancer in experimental ani-
mads. VDC has induced angiosarcoma (70) and
adenocireinoma of Kiduey (/7 i the mouse. TCE
(12) and PCE (unpublished observations, NCI
have induced hepatocelular carcinoma in the
mou-e,

An additional chloriated olelin, 2-chloro-1,
3-butediene, more commonty  called chloroprene,
has demonstrated adverse effects on repraduction
and o mutagenic response in several test systems,
Chloroprene s a colorless liguid which s
polymerized into polychloroprene, a synthetic rub-
ber,

Table ! shows reports indicuting cvtogenetic,
mulagenic or adverse reproductive effects of
chloroprene in subhumun species. As L back as
1936, von Octlingen (/3) induced sterihty in male
mice at air concentrations ranging from 12-132
ppat. Stertdity tn rats was observed at higher con-
contrattons, .

In the rat, atmospheric ¢hloroprene concentri-
ttons ranging from 0.04 (o 1.0 ppm have resulted ina
dominant lethal eftect (14, 13). clfects on sperm
(), testicular atrophy ()0 and chromosomal
aberrations in bone nuurow cells (15-17), Chloro-
prene also has demonstrated o mutagenic response in
several strains of S rvpliinurinm (6, 138, 19;
D. Brusich. personal communication)t. The report
by Burtseh et al (79 indicates thut the mutagenic
action of chloroprene is S, nopliriin was four
times that of VO without metibolic activation snd
eicht times greater with activation. n Drosophila,
chlaroprene has induced sex-linked recessive lethal
mutations (20,

Observations in humans are consistent with find-
ings in subhoman experimental systems. Tuble 2
lists reports ndicating the eytogenctic and adverse
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reproductive effects of chloroprene on workers.,
Three studies indicate a significant exvess of
chromosomal aberrations in workers exposed to
chloroprene or.chloroprene Ltexes (17, 21, 22),

Even more significant are the observations by
Sanotshii (2. He reported a decrease in motlity of
sperm atfter 6-10 years ol work in ¢chloroprepe and
morphologicul disturbances of sperm after 11 years
of exposure 1o chloreprene -based lntes, Mo alve re-
ported that cases of spontancous abortion vecurred
three times more frequently in the wives of chloro-
prene workers as compared to the control group,
Furthermore, an industrial hygiene assessment in-
dicated thuat chloroprene levels in the process
ranged from onhy .28 to 1.94 ppm. This is in con-
trast to the current OSHA standard which allows
for a 25 ppm 8-hr time-weighted average concentra-
tion. Althouch no single study clearly establishes
that ¢hloroprene is mutagenic, the consisteacy of
pOsIve mutagenic response vver the numerous test
systems in addition 1o observations, which indicate
that chloroprene aitects the sperm, testicles, and
reproductive function as a result of male exposyre
only, indicates the need to control chloroprene as a
potential mutagenic agent W man.

Table 2. Cytogenctic or reproductive effecty among workers
evposed to chloruprene,

Atmospheric
chlomuprene

concentration,  Observation Investigutor
PPm
5.0 Chromosomal aberrttons Katosova (2/) -
Nodita C hromuosonid alreriations Bochhoy (1970)(22)
0.8-2.0 Ciyomosomad abenations Volkowt, et al, (27)
0.3-1.9 Deyreiase in motdiny and Sanogshii (2

ntember of sperm; threefold
eveess of miscariiges . -
i owives of male worken

[
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_—-malnteninte mechanics have

With regind to carcinogenicity, two studies re-
port an eacess of lung and skin cancer among work-
ers exposed to chloroprene in the Yercvan district
of the Soviet Union (24, 23).

More recently, Pell (26) reported preliminary
analyses from a study of mortality among workers
exposed to chloroprenc in the U. S, Although no
significant excesses were reported. inspection of
the data indicates an excessive risk of respiratory
cancer for each of three 6-yr calendar time periods
between 1957 and 1974 for the total study cohort.
These excesses however, were not statistically sig-
nificant, In addition, four deaths from cancer, plus

four cases of lung cancer among currently active
been observed. The

eight lung cancers in this subeohoit account for 4075 °
(820) of the lung cancer cases in the total study
cohort. Since only 17% of the total study cohort is

" composzd ef maintenance mechanics, this observa-

tion may be hizhly significant. Since the task of the
maintenance mechanics is to replace leaking
pipe-fittings. to install equipment and to do general
maintenance in the reactor areas, this croup of
workers would be expected to have relatively high
chloroprene exposures. However, limitations in
methodology and study design in these reports pre-
clude an assessment of the carcinogenic risk. None
of the epidemiologic studies gives adequate consigd-
eration to environmental concentrations, job clus-
sification, intensity or duration of exposure, or la-
tency, all factors known to influcnce the risk of
cancer. In ench of these studics, the investigutors
did not amiiyze their data separately for chioro-
prene polymerization workers. (The greatest risk in
the vinyl chloride industry was identified in
polymerization workers, not in monomer produc-
tion workers). The studies also do not mention the

method by which the cancers were diagnosed. nor
are the ceil types indicated for skin and Jung can-

cers.
More recently, a confirmed case ofdngmx reoma
of the liver in a worker who had extensive exposure
to finished polychloroprene has been identified.
The werker had been employed as a roll builder
during the period 1952-1967. During this period, he
applied ncoprene to matal cylinders. which were
later vuleanized. A history of exposure indicated
that this worker never had occupational exposure to
vinyl chloride, nov had be ever received Thorotrast,
an agent also assoctated with angiosarcoma of the
liver (27). An industrial hygiene assessment con-
ducted by NTOSH at the plant where this employee
worked indicates average chloroprene aiv levels of
0.2 ppm from personal sampling and 0. 14 ppm from
arca sampling. Because of the structural similarity
of vinyl chloride and chloropiene and the rwre oc-
currence of angiosarcomu, this observation is obvi-
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ously of concern,

Although this conference pertains to VC-related
cempounds. new observations related to VC ure
also of interest. After 87 weeks of observations,
Maoltoni (unpublished observations) has observed
angiosarcoma in rats exposed to 25 ppm VC.
Mammary carcinomas were observed at lower
fevels, Even at | ppm there appears to be a 2-fold
risk of nu xmrn.try sarcinoma: with 120 animals ex-
posed at each conceniration. at 25 ppm there were 9
abserved (867). at 10 pprn there were H observed
(9%¢), at 5 ppm there were 13 obscxved (119e), at 1
pom there were 7 observed (672), as compared to 4
observed (397) in the control group. In another
series of c\'pu'imcnts by Maltoni, a 50 ppm expo-
“sure to VC resulted in 43/300 (14%) of the rats de-
veloping mamimary caccinoma as compared to 3/1090
(3%) in controls (28). Thu§;there anpears 1o be a
deose-response relationship in the induction of
mummary carciromas with a 29 wmor rate in each
control group.

In 1976, the results of u study of PV fabricators
conducted by Orgamization Resources Counselors
(29) was wansmitted to NIOSH. An estimated.
700,000 to two million workers are employed in the
production of 3.5 million tons of PVC annually. VC
exposures are thought to have been low (5-15 ppm)
and to have 1esulted oniy from the relcase of un-
reacted monomer trapped in the resin. Study results.
are based on deaths which occurred between 1964
ane 1973, Causes of death for sclected types of
cancerin femalc employees are shown in Tabie 3. A
38%¢ excess of breast cancer [s seen amony women

Table 3. Qbserved ond expected deaths due to selacted causes
ameng ermployees of 17 PYC fabricators, i964-1973."
White femalis
Obeerved Expected  PMR®
All cancers 179 135,933 1.32
Selected types of cancer
Buccal cavity and pharynx 3 1.872 1.60
Digestive 53 34.929 1.52
Respiratory 12 11.715 1.02
Breast 44 31.907 1.38
Gentitals 19 22,971 0.83
Urinay ! 4.4R7 _2.45
Lymphatic and leukemia 10 12,481 0.80

"Unpublished data (29),
FProportionate mottality ratia.

employed in the fabrication of PVC into finished
products.® Thesc observations, combined with ani-

*The author has recently become aware of a limited cuse-
control study which suggests that the increased risk of breast
cancer among PVC fabucators may not be related to vinyl
chlavide exposure.
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mal studies indicating VC-induced mammary car-
cinomas at 1 ppm. raise serious health concern for
the possibility of yet another type of cancer induced
by vinyl chloride tfrom fow level exposurss.

The question facing the scientific community is
whether observations in subhuman species are
adequate to institute prudent public health practice
by controlling these agents as carcinogens or muta-
gens or whether, once again, post-hoc epi-

qmrcd ’ -
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