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BACKXGROUND:
Vinyl Chloride is a chemical used in the synthetic production of

polyvinyl chloride- awidely used plastic material. It is produced by thermal
dechlorination of ethylene dichloride or by hydrochlorination of acetyléne.
Under normal conditions vinyl chloride is a colorless, alrost odorless,
flammable gas with a boiling point of 13.8°C. At higher concentrations

it has a sweetish odor. It is virtually insoluble in water, but is

soluble in alcohol, carbon tetrachloride and ether. It is usually

stored and transported under its own vapor pressure. The exp;osive limits

are 4% to 22% by volume in air. The auto-ignition temperatur=s is 572.2%C.
an
At concentrations of 8% and above, it is/anesthetic. 3ecause of these

properties,'it vas suggested for use as an anesthetic agent in the early 1930's.
It was, however, found unsuitable because of its flammability.

In 1930 large scale production of vinyl chloride was undertaken. At

this time it was believed to be one of the safest chemicals ¢n the nmarket.

(11)

In 1937 Dublin reported two cases of acute intoxication in exposed workers,

(57)

without serious consequences. In 1949 Tribukh reported problems in Russian

workers in a plastics factory. Hepatitis without jaundice, hypertension,

anemia, chronic gastritis, skin and respiratory lesions were the main complaints,

(15)_~

In 1958 Filatova reported toxic angioneuropathy in exposed workers and in

1965 Puskin(sl)reported liver and biliary *ract disease in Russian workers.

;n the mid 1960's several researchers reported Raynaud like changes and

(6)(54)(62)

This disorder

(58]

acro-osteolysis in vinyl chloride reasctor cleaners.

subsequently became known as polyvinyl chloride disease. Viola, in an

attempt to reproduce acro-osteolysis, found that Vinyl chloride was capable of
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" liver tumor were found in exposed vorkers in the B.F. Goodrich plant in Keatucky.

Fage 2

inducing tumors in the exposed animals.' In 1973 repcrts from Garmany described

findings in exposed workers which included thrombocytopeaie, splenomegaly, liver
. O ‘

damege, circulatory obstruction and skin and bone alterationséB )

Despite all these reports viayl chloride was still considered to te a

reasonably safe chemical wntil 1973 when twvo cases of hepatic angiosarcoma, e rare

(8)
(3k) (53)

Since then, 62 more cases have been reported, worldwide, in axposad workers,

PHARMACCKINETICS OF VINYL CHLORIDE:
Low doses of vinyl chloride are believed to be metabolized by & rapid

metabolic pathway to polar products which are excreted predominently in the
urine. These products are thought to be derived after initial metabolism of viayl
chloride and subsequent conjugation of the products with glutathione and/or cysteine,
by covalent binding with sulfhydryl groups. A smell but significant amount is
metabolized to 002 and expired. An even sgaller-ﬁum significant amount of 1hC
activity of labelled vinyl chloride appears to be retained, primarily in the liver
but also in other tissues, for as long as TS hours afier exposﬁré??) )
Very little is excreted unghanged in the expired air.

. Vinyl chloride binds to albumin and is transported by it, Albumin
is éynthesized around the portal vein. As the exposure dose of vinyl chloride
increases and the detoxif}ing pathvays are over loaded, one would expect more
vinyl chloride to bind with aldbumin iﬁ the periportal area, Becausé of its
irritant properties locel irritation may occur which may leed to subsequent

fivrosis.

The pathway of metabolism is thought to be as follows:

- . _ alcohesl N : _r . .
ClL HC = CH2 ——Cl L C CH20H ehydrogenasi 1 d2 C-CH 0 ——C1 d2 c~coey

viny chloride 2~Chlorcethanel Chiorcacetaldehvde Menechioraacatic

acid
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Oﬁly small amounts, if any, of ronochlorocacetic acid are believed to be
formed at low doses, as chloroacetaldehyde rapidly reacts with the sulfhydryl
groups of glutathione and cysteine. It is thought that when higher doses are
‘eucountered the primary pathway is saturated and metabolism takes place via
other less rapid pathways.‘ One postulation is that the accumulating 2 chloroethanol
is oxidized by peroxidases and catalases with eventual formation of chlorcacetaldehyde.
Another is that direct epoxidation cccurs with the formation of chlorcethylene
oxide, which subsequently rearranges to chloroescetaldehyde.
‘ Both the epoxide and chlorcacetaldehyde ara reactive metaboliges, capable
of binding with macromolecules, (RNA, DNA, proteins and lipids) with resultant
toxic and carcinogenic effects.
. Animal studies indicate that a threshold may exist for the takeover
by the secondary me;abplic pathways,land that this threshold may be around
50 ppm vinyl chloride. Exposure of rats to concentrations of vinyl chloride
of 150 ppm or greater resulted in a depression of the hepatic non protein
sulthydryl content, which is believed to be responsible for the detoxification
of the metabolites. Exposure to 50 ppm resulted in an inconsistent depression,

- (60)

and exposure to 10 ppm caused no such depression.

ANTMAL TOXICOLOGY:

Agute :

Vinyl.chloride has a low acu?ﬁagoxicity. The acute LDSO for rats .
expcsed by inhalation is UT,400 ppum, and for suinea pigs simiiarly exposed
iz #0,000ppm or greater.(ha)

Chronic

Chronic exposure of guinea pigs to 100,000 ppm vinyl chloride by

inhalation resulted in growth disturbances, and severe liver, kidney, splzen

i (k9)

and lung lesions.
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CARCIHOGENIC EFTECTS: 22
Tumorigenesis has been reported in rats exposed to concentrations of
(39)(L0)(58) (31) (32)
or in excess of SO ppm; in mice exposed to concentrations orf or
in exceass of 50 ppm(sg) (eg)and in namsters sxposed to concentrations of or in
excess of 50 ppmg39) (32) Recent reports indicate that exposure to concentrations

as low as ] PP™ have resulted in tumorigenesis in rats though there is no confirmation

of this to'date.(Ba)

The results of these experiments are presented in Tables I,
II, III, and IV, These results suggest that the neoplastic response is related
to the esxposure concentration, the duration of exposure and possibly the strain
of animal.

Twenty two of fifty nine Sprague Dawley rats exposed to 500 ppm for
52 veeks and observed for 135 weeks developed tumors, whereas, sixteen snd ten of
similar size groups exposed and observed for similar durstions to 250 eand %O Ppm
respectively, developed tumors. (Table I).

Comparison of the total number of tumors observed in groups of Sprague
Dawley rats exposed for 52 waeks and observed for 66 weeks, with the number in
groﬁps exposed for 17 weeks and observed for 66 weeks, shows & difference of
L versus 1 at SO0 ppm exposure level and 3 versus 1 at 250 ppm exposure level
(Table IV),(39) (3T)thus indicating a pessible relationship between exposure duration
and tymnrigenesis. o tumors were obéerved in either group at 50 ppm at that
stage of the sxperiment.

A variety of tumors was observed in “he various species of animals tested.
Hepatic angiosarcomas were obsarved in Sprague Dawlay rats exposed to concentrations
of 50 ppm and over; in mice exposed to 50 spm and over and in hamsters exposed

(39)

to 500 »pm. Other tumors included nephroblaztomas, brain neuroblastomas, skin

Tumors, pulmonary adencmas, mammary carcinomes ané zymbal zland tumors.
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Tumor induection was observed in mice and rats at the lowest reported
dose tested - i.e. 50 ppm. A dose response function emerges frcm the aninmal
studies for hepatic angiosarcomas in Sprague Dawley rats between 500 and SO ppm
and for nephroblastomas in Sprague Dawley rats between 250 and 50 ppm. Seven
heﬁatic angiosarcomas were observed in the group of Sé rats exposed to 500 ppm;
L in the group exposed te 250 ppm and 1 in the 59 exposed to 50 ppm., Six h
nephroblastomas were observed in the rats exposed to 250 ppm and 1 in the rats
exposed to 50 ppm. This will be discussed again in the section relating to
derivation of & standard. one of the control rats or mice developed hepatic
angiosarcomas or nephroblastomas.

A transplacental effect was suggested by the finding of two subcutaneous
angiosarcomas in the offspring of breeder rats exposed between days 12 to 18 Af

(37)
pregnancy to 10,000 and 6,000 ppm vinyl chloride.

iee et al(32)

studied the carcipogenic 2ffects in mice and rats of exposu.
%0 vinyl chloride. Four groups comprised of male and femsle Tats and mice wvere
exposed to 0, 50, 250 or 1000 ppm vinyl chloride, six hours per day for 5 days
per week.l Four animals of each species, sex and exposure level were terminated
at the end of 1,2,3,6 and 9 months. The surviving animals were terminated at

12 months. This.exclﬁded observation over the natural lifespan of the animals.
The sacrifice schedule and the small number of animals, as well as othér
peculiarities of the study made the data unsuitable for the derivation of 2 safe
exposure limit. It is of interest to note that hepatic angios;rcomas were
observed in mice exposed to 50 ppm and in both species exposed to 250 and

1000 ppm. The aumber of tumers observed in both ceses increased with the dose.
Extra-hepatic angiosarcomas were observed in both species. Mammary zland tumors
were observed in female mice Dut not in the control animals. It is difficult,
however, to evaluate the siznificance of the development of any of these tumors
in a2 quantative way, as already mentioned, because of the small number of

anizmals and the sacrifice schedule.




"with the concentration of the metabolites in the madium.
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(40)

Mellamaras et al undertook a lifetime cancer study in zice and rats
expoéed either to single doses of vinyl chloride moncmer ranging betweean 50
end 50,000 ppm <¢ to multiple doses of either 50 or 500 ppm with a total dose
of 5,000 ppm. Serial szacrifice was performed with final sacrifice at 20 months
for the mice and 2h months for the rats. The authors report no changes attributable
to vinyl chloride in the rats but report an increased inecidence of pulzonary
adenomas in mice sxposed to 500 ppm for 10 exposure periods. Progression to
malignaney is reported in mice exposed subchronically to a total dose of 5,000 ppm.
The findings are howvever unconvinecing as the tables do not adequately describe
the fiadings reported in the text and the numbers that progressed to malignancy
are not significantly different from_tﬁe numbers observed in the coatrol group.

Yo changes attributable to viayl chloride exposure vers observed in
the multigeneration study on rats. The authors did not describe the. method

of selection of offspring for this study which encompasses four gZenerations.

gocell S®BH

As the number of offspring remains fairly constant some method of selaction must

have been used.

MUTAGENIC EFFECT:
. V@nyl chloride has been found to be carcinogenic in animals. As many
carcinogens are also mntagenic, and as it is currently believed that tumorigenesis
may be the result of somatic mntatio?. studies have bean undertaken %o evaluate
the mutagenicity of vinyl chloride and it; metabolites, two of which are believed
to be mutagenic (chloroethylene oxide and chioracetaldehyde).

Mutations have been induced in vivo by vinyl chloride in yesst systems

(35)

and in somatic cells of Chinese
(20)
an

in host mediated assays (using mice as hosts),

(16) (35)

namsters. They have also been induced in vitro in bhacterial d

(33)

yeast systens in the presence of liver microscomal preparations. 3oth metabolites

have induced mucations in vitro in Chinese hamster V79 cells, the response increasing

(23)
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Mutagenic effects on germ cells have not been e2stablished by dominant
(1)

lethel studies in rats and mice, though in Drosophila, the number of recessive

lethals was increased in subsequent generations following exposure.(36)

TERATOGENIC EFFECTS:

There is no evidence at the present time to suggest that vinyl chlofide
is teratogenic in animals. Exposure of rats and rabbits to 2,500 ppm or SO0 ppm
and mice to 500 ppm,(ga)T hours per day during organcgenesis did not result in
teratogenic effects in the offspring, despite slight maternal toxicity in the rats
and rabbits at the higher dose and in mice at 500 ppm. Mice appeared to be more
susceptible ﬁo the maternal effects of the compound.

No other information has been located on teratogenic effects resulting

from animal exposure to vianyl chloride.

EUMAN TOXICOLOGY :

Acute Human Exposure

Single exposure te high concentrations of vinyl chloride cen result in
suphoria, a feeling of inebriation, sommolence, narcosis and in scme cases
prolonged sleep. When acute exposures are repeated, headaches, irritability,

. , (1)
dipinution of memory, insomnia, general asthenie and paraesthesia may cevelop.

Chronic Exposure

pxposure to vinyl chloride has long been associated with the development
of toxic effects. The full implications were.not appreclated, however, wuntil it
becams clear in 1974 that some workers exposed to vinyl chloride developed hepatic
angicsarcoma, Earlier reports pad associated vinyl chloride with a vériety of
effects, amongst which were hepatic damage, gastritis, skin and respiratory lesions.
Later it was found that workers exposed to high concentrations while cleanins‘
reactors developed a disease involving skin, vone znd blood vessels. This
becare known as "occupational acro-osteolysis”. It was soon realized that there
was in fact involvement of other organs end the syndrome subsequently became

commonly known as"vinyl chloride disesse". Presently it is thought that exposure to

‘riny]_ chlattde iy TesUlt in the indAneesiam Af Fomeawe adhae flime bamabda qmef- ..

. ey
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namely hepatocellular carcinomes, tumors of lung,lymphatic system, bdrain

and possibly angiosarcomas in other sites. t is also postulated that exposurs

to vinyl chloride may induce an immune complex disorder with multisystem involvement.

ACRQO-QSTEQLYSIS:

Acrc—osteoly‘sis was the first well recognized toxic effect of vinyl
chloride. Dissolution of the hones of the ferminal phalanées of one or more of
the fingers is accompanied by clubbing, swelling end shortening of the nail beds,
and scleroderma-like changes of the skin., Associated closély with these changes
are vascular changes ranging from slight narrowing to segmental occlusien or
even complete ahbsence of vesgel filling. A classic Raynaud s phenomenon is seen
to develop frequently in workers with chronie ;xposuré. - Lange et,alF30) noted
the occurrence of a thrombocytopenia which was the first objective finding in
the Eﬁjority of ceases.

Warésg)suggests that the thrombocytopeniz observed mey have bteen an
"apparent” one. He postulates, that as the result of an immune response a
cryoprecipitable complex is formed which is capable of initiating complement

sequence with subsequent platelet aggregation,an apparsnt thrombocytopenia,

fibrinogen/fibrin conversion and vascular occlusion.

PULMCNARY EFFECTS OF VINYL CHLORIDE EXPOSURE:

e e e

There are several reports of pulmonary changes associated with vinyl
chloride exposure. Lilis et aJF33)noted the presence of linear reticular and,
less {requently, nodular opacities in chest X{-rays of workers exposed to vinyl
chloride wany of whom had also been exposed to polyvinyl chloride dust in
polymerization plants. The prevalence of abnormal chest X-ray findings was
related te the duration of exposure and to the axposure concentrations. It should
be noted that age was unrelated to the prevalence of the changes. The vrevalence
of a positive smoking history was found to be related to abnormal chest Y-ray
findings in those with greater exposures. Pulmonary functions changes indicated
a relatively high prevalence of obstructive changes in these w;rkers.

(3)

3erk noted a significant reduction in forced vital capacity in 2

GogelLl SBd
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30~-year old patient with hepatic fibro;is who had been exgosad to vinyl chloride.
Miller‘hl)noted a 57.8% impairment in pulmonary function, as measured
by 1.0 FEV/FVC, in workers exposed to vinyl chloride monomer and polywinyl chloride
dust in a‘polyvinyl chloridé plant in 2 heavily industrialized city. The impairment
correlated with age and duration of exposure but was unrslated to smoking.
Gamble(lggt al nowever, found no association between. exposure to vinyl
chloride and decreased pulmonary function or increased respiratory symptoms in
workers exposed to vinyl chloride in the preoduction of polyvinyl chloride resin
and te polyvinyl chloride dust in the plastic products division of a plant.
The finding of changes may well be consistent with other cellular
and subcellular changes which héve been seen in ;ther organs of workers sxposed
to vinyl chloride and may add substance td th; concept that exposure to vinyl
chloride may result in a systemic disesse with zanifestations in many organs.'
Epidemiological studies have indicated a possible relationship betwsen
viayl chloride exposure and the inducticn of lung cancers. This is discussad

in the section on epidemiclogical studijes.

' Ward et.al(sg)p

ostulate that vinyl chloride disease is an immune complex
disorder and that the immune response is initiated by the incerporation of vinyl
chloride or one of its metabolites into protein syuthesis to produce a haptogenic

effect and the incitement of antibody synthesis. Antigen stimulates B cell

proliferation and immunoglobulin production. Antigen plus antibody from a soluble

complex which is ecryoprecipitable and capable of initiating complement seguence
with subsequent platelet aggregation, apparent thrombocytovenia, fibrinogen/fibrin
conversion and vascular occlusion. Ischemia which follows, resuits in collagen
biosynthesis., Collagen and complement interact causing further activatisn of the

complement pathway.

Ward studied immunological changes in workers in 2 vinyl chloride polymer-

'iz@tion Plant where exposures had been high. Findings of nyperimmunoglobulinsemia,

crrotlobiliname. o 4ad in vierm Amwem Tl amamE Aadmees o ! . oo . N - .
- - |
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decreasad and B lymphocytes were increased. Circulating immunoglobulin complement
vere s;en. Fibrin - fibrinogen conversion and adherence to the vascular wall and
narrowing of the dermal vessels with subintimal fibrosis were seen., Removal of
these workers from exposure did not influence the persistence of disease activity

as evident by the presence of cryoprecipitate and conversion of complement.

HEPATIC CHANGES ASSQCIATED WITH VINYL CHLORIDE ZXPOSURE:

Some of the earlier reports from Eurcope indicated hepatic effects resulting
from vinyl chloride exposure. However,serious consideration was not given to the
possibility of liver effects until the finding of hepatic angiosarcoma in exposed
vorkers in 197L.

Serk(3)et al reported the case of a 30-year old worker, who had been
exposed to vinyl chloride for Sk years cleaning reactor tanks., Persistent
sbnormal hepatic function tests and nepato splsnomegaly Qere observed and finally
a2 laparotomy was performed., The liver showed multiple area; of fine nodularity

and fibrosis. The spleen showed lymphoid and reticuloendothelial proliferation.

Removal from exposure was'ensured on his return to work. fFollow up of 2 years

‘later showed that liver function tests had returned to normal despite a possible
p%ogression of the hepatiec fibrosis.
Popper(hT)haa descrived the pathological changes resulting from exposure

to vinyl chloride and has observed that the changes are very similar to those

r:esulting from exposure to thorotrast or arsenicals.

A precursor stage exists, characterized by a conspicuous subecapsular
fibrozis, & non pathologicsl progressive portal ritrosis and a borcerline increase
in iatralobular connective tissue all associated with focal stimulation of the
sinusoidal lining cells and the hepatocytes., This is frequently'ac:om;anied by
splenomegaly and in some instances by 2 portal nyperteasion. Transition to angio-
sarcoma is preceded by focal dilatation of the sinusoids end sven zreater

activation but dedifferentiation of their lining cells. It is postulated that

this may result from stimulation of hepatic and splanic cells by vinyl chloride

and or ite matahatitrae

L9€€11L S¥?Y




HEPATIC TUMORS:

Since the first report of hepatic angiosarcomas in vinyl chloride exposed
workers in 1973, more than 62 occupationally exposed cases have been reported worldw!:
in the literature, 10 of these occurring in Quebec. In all but cne case(53kxposur
had heen to high concentrations, usually in excess of 100 ppm and frequently much
higher than that.

Delorme(lo)

reported finding a hepatic angiosarcoma and a hepatocsllular
carcinoma in an employee exposed for 23 years to vinyl chloride, Histological
evidence suggested coincidental development of both tumors as though in response

to the same stimulus. He believes that a similar response by other cells in
contact with the carcinogenic agent wmay result in tumors of other sites. This
seems to be consistent with the findings of Maltoni in his animal studies. It also
may explain, the finding of-angiosarcoma# in more than one sipe in humans and the

reports of epidemiological studies which suggest increased incidences of tumt’of

sites other than liver in exposed populatioms.

ANGIOSARCOMAS QF OTHER ORGANS:

Popper end Thoumgiziport finding angiosarcomas in other organs in 3
patients withﬁhepatic hemangicsarcomas. Duodenum was the site in one, lung in
another and lung, heart, kidney and lymph nodes ipn the ghird. They wWere
wncertain as to whether these were metastatic lesions, or whether theres was
multifocal vrimary involvement., In none wes the spleen a site of angiosarcomatous
change.

Couderc et al(T) report on a patient who presented with backache. A

tumor involving the postericr arch of lth, Sth and 4th ribs was found to be an

angiosarcoma, Further investigation revealed the presence of a hepatic angilosarccero

Multiple other szites were found cn death Jollowing rupture of the liver lesion.
These included vertebra and left adrenal. Again it is not xnown whether th)‘.as
a2 case of multifocal primary sites or secondary spread,

TUMORS OF OTHER ORGAIS:

k]

1. lemiological studies suggest a gcrester than evpected incidence

e ————————————————
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of tumors of the central nervous system, lymphatic system and lung in populations
exposed to vinyl chloride. The evidence, though suggestive, is far {rom conclusive.
These studies are discussed later in the text.
EPIDEMIOLOGICAL STUDIES:

As viﬁyl chloride is carcinogenic in both animels and men, and as it
has been found to be mutagenic in bacteriﬁl test systems, several epidemiolog£cal
studies have been underteken in an effort to establish findings relative to such
effects in populaticns exposed to vinyl chloride either occupationally or
environmentally. Such studies include examination of peripheral lymphocytes for
chromosomal abnormalities, cancer mortality in exposed populatiens, incidence

of fetal loss in wives of exposed workers, incidence of congenital abnormalities

unknovn, in most instances they have been estimated and hence reliable dose

response functions cannot be derived.

I. OCCUPATIONAL EXPOSURE:

Chromosomal Studies

gocctl SBY

Peripheral lymphocytes have been studied for chromosomal abnormalities
in an effort to ;stablish vhether vinylvchloride induces such abnormalities in
man. Some of these s?udies conclude that such changes are induced by vinyl
chloride while others report negative findings (see Table V). In the majority
of thése studies the study populations were very smﬁil and hence it is difficult
to‘draw firm conclusions. The largest group studied, 209 men,was exposed to low

concentrations of vinyl chloride, estimated to be betwean 12 and< 1 pp%to'No

E in the offspring of exposed populations. As exposure concentrations are largely

chromosomal abnormalities ware cbserved. Using the techniques desc¢ribed by the
(50)

authors, Purchase "noted a positive correlation between chromosomal aberration
cbserved in the study group and the duration of employment, history of exposure
to excursion levels and smoking. Again, however, the study group was small.

(16)

Fleig reports positive findings only in workers who had symptoms of vinyl

chloride disease, and in one patient previously treated for his hepatis

angiosarsntn itk chemetherapy,
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These results, whilst ipconclusive, suggest that vinyl chloride may
indead bte c¢apable of induging chromosomal abnormalities, and that the effact
may be dependent on the severity of the exposure sxperienced. Vinyl chloride,

probably, is one of many agents czpable of inducing somatic mutations.

MORTALITY STUDIES IN VINYL CHLORIDE EXPOSED WORKERS:

In response to the report that vianyl chloride was responsible for

ole€il s%Y

the induction of hepatic angiosarcoma in two workers in the B.F. Goodriceh

plent in Kentueky in 1973 many studies were set up to establish the role played
by vinyl chloride wmonomer in the development of this tumor and whether in fact,
it is responsible for the development of other tumors in exposed workers.

All of the studies undertaken have been carried out in the absence of
definitive exposure data. Estimates of past exposures have been arrived at by
using information from va.rioqs sources. None of these are relisble enough to .
provide quantitative exposure dé.ta.. In many cases exposure to copolymers of
vinyl chloride, polyvinyl chloride and in some cases other chemicals occurrad
in addition to exposure to the monomer, As these studies lack quantitative

. data, they cannot be used to derive a dose=response function. EHEowever, the
,qualitative information that is forthcoming does give some indication of cause
and effect relationships.

- Hepatic angiosarcoma is the only tumor that has so far been definitely
assoclated with exposure to vinyl chloride monomer in man. Availablas studjes
indicate that those workers who have developed hepatic angiosarcomas had experienced
exposure to high concentrations of vinyl chloride in tﬁz)pag%T) (61)(53) (9)(L3)
frequently, they had been employed as autoclave operators or reactor cleaners, and
experienced exposure concentrations in the hundreds and frequently in the thousands
of ppms.

(k)
Ott was, however, unable to find an association between maligznancies

of the liver and biliary tract and exposure to vinyl chloride, although, he did

observe an association between exposure and deaths from all malignancises,

oE owm Y W ON BN B B W 0 B3 A8 B
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(k2)
particularly in those with an estimated high exposure. lMonson and Peters end
(61)
Waxweiler also observed a relationship between deaths from all malignancies

and exposure to vinyl chloride monomer,

The importance of interval between initial exposure and the observation of
a tumor was illustrated by Waxweilerssl)who observed a significant excess only
in tumors of the hepatic system at the first time-of observation (i.e. 10 years
post initial exposure) as compared with significant excesses in tumors of brain
and central nervous system, respiratory system and hepatic system when the
observation period was extended by 5 years. Monson and Peters\ha)'report an
increasing excess of deaths from all cancers over that expected during the
5 years of their study.

(6L) (55)

Some studiag have indicated an association between exposure to vinyl
chloride and the development of ‘brain tumors-; particularly gliobléstoma multiforme
in types. Waxweiller's study(sL)suggests that the latent period for the davelopment
of tumars'of brain is longer than that required for the development of hepatic
angiosarcomas. Tabershaw and Gafrey(ssgailed to find a reslationship between the
elstima.ted dose and the development of these tumors. Both of théa studies suggest
& relationship between vinyl chloride exposure and the devélopment of respiratory
cancers. However, iﬁ neither study were the effects of smoking considered.

From these studies we can conclude that high maximum exposure to vinyl

chloride is associated with the development of hepatic angiosarcomas. An

1.e€11 SBY

association betveen exposure and the deveiopment'cf tumors of the brain and
respiratory tract is suggested but so far there is no proven cause and affasct
relationship. The possibilit& that the latent period required for the development
of either of these tumors may exceed that required for the development of

hepatic angiosarcéma is supported by the studies. If this is the case then it

may not be possible to draw conclusions about the role of vinyl chloride in the

induction of these tumers until a lengthier observation peried, if not lifetime

observation, has elapsed.




STUDIES ON GzZRM CELL EFFECTS:

The question of germ call effects of vinyl chloride was studied by

(2b)
Infante et al. Germ cell effects on exposed males were taken to be expressed

as fetal loss in the respective wives. The authers report an excess fetal loss

in the group of wives whose husbands had nad a primary vinyl chloride monomer
‘exposure as compared with controls, wherees prior to exposure no such excesé
was éeen.‘ .
The results indicate a possible germ cell effect, however, the study

has several shortcomings. The ages of the wives were ﬁresumed to be similar

to the husbands' ages, a presumption which is not necessarily valid; details
pertaining to conception, fetal loss, etc. were obtained from the husbands

and no direct contact was made with the wives. The interval between such
episodss and éhe time of recall was not mentioned, out one would presume it
wvould influence the quality of the information. Fetal death rates for wivas

of vinyl chloride monomer workers prior to exposure are comparad with the rates
for this group after exposure. The two rates are however not comparable as they
have been adjusted to different standards; the first to the qontrol before

+ "exposure" and the second to controls after "exposure".

II. ENVIRONMENTAL EXPOSURE:
Much concern has arisen thet populations residing in the vicinity of
vinyl chloride plants may experience increesed rates of (1)congenital abnormalities,

and (2) tumorigenesis in offspring.

"TEEEEEEREREERIDE

Several studies have been undertaken to evaluate such effects. The
results of these studies are not unanimous and at the present time no firm

conclusions can be drawn on either of these questions.

clEELl SBH
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CCHCENITAL MALFORMATICHS:

(26)

glgsLl SBY

Infante et al studied the rate of occurrenze of congenital
abnormalities amongst live births in three Ohic cities, each of whych housed.
& polyvinyl chloride facility. They observed that the rate of.occurrencs of
such abnormalities was significantly greater for each of these cities than
the Ohio State rate, Comparison of the rate for each city with the rete for
its corresponding county showed that in two cases there was a significant

ffarence, Such a difference was not observed when other city/balance d4f
county rates were compared.

When the data were analysed it was evident that significant excesses
were seen for several abnormalities, one of which was defscts of the central
nervous system. A further study of data on defects of this system included
data from stillbirth records, as both may be closely connected. A significant
excess of central nervous system defects was cbserved for one of the cities
with a polyvinyl chloride facility. It is note worthy that no cases were
seen in another of the cities.

- Although these findings suggest association between vinyl chloride
exposure and an incressed rate of occurrence of congenital malformations they
are not conclusive,

In an effort to exaﬁine the relationship between exposurs to vinyl
chloride and an increased rate of centrai.nérvous system defects suggested by
Infante's study, Edmonds et 2l undertook two studies. In the first thay(lh)
compared the rates of occurrence of central nervous system malformations (1970-19Th)
in two hospitals (one in Painesville* and one in Pittsburg béth involved with
the 2irth Monitoring Defects Program) with rates or the ragspective states. Both
cities had polyvinyl chloride facilities. Yo increase was seen in the w=ates

in the Pittsburg hospital, but there was an increase in the Painesvill: hospital.

¥ Painesvills vas one of the cities studied bv Tnfanta.
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When occupation and placa of residence of the families of these cases was

enalysed and compared with 2 control groups derived from the hospital registry,

no association could be established between the cases and vinyl chloride exposure.
The second,(IB)was & more comprehensive study using data on Kanawha

County obtained from the Birth Defects Monitoring Program and from the State

Department of Vital Statisties, for the period'l970;7h. Kanawha county was

¢hosen beczuse its rate of occurrence of centrzl nervous system defects for that

period was significantly higher than national Birth Defects Monitorihg Program

rates for the same periocd. Two sets of controls were matched to the cases, Raesults

of the study show no case-gontrol differences regarding parents possible occupational

exfosure to vinyl chloride at that time or five years prior to the child's

conception. It iz interesting to note that several case families residing

within three miles of the polyvinyl chloride plant were located to the North East

of the plant and controls to the South West. 'Data on wind patterns and air

poliution dé not correlate with these observations. The observed clustering

of cases residing within three miles of the polyvinyl chloride plant is not

satisfactorily explained by proximity to the plant. Coné%dcrgt;on.should ba

gi?eh to the fact that several sources of other chemicals are also present in

this geographical area, thus making it unrealistic to implicate vinyl chloride

moncmsr &S the causative agent in these cases,

A study conducted in ngbec(ss)

reports a higher frequency of bvirth

defects in a2 community with a vinyl chloride polymerisation plant, than in =
comparable city without such a facility. The ages of the mothers in both cities

was corparable, however, occupational histories of the mothers were not considered.
£t is not possible to draw any conclusive association between the observations

and vinyl chloride =xposure, as the city which had the polywvinyl chloride facility

had several other industries and hence exposure to many other chemicals was a ree..'

possibility
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It is interesting to note an increased freguency of malformations in the latter
years of the study, when in all probability the levels of vinyl chloride had

fallen. - :

TUMORLCEJESIS:

Saric et al(sa)

examined the incidence of malignant tumors of b;onqhus
and liver over a four-year period (1968-19T1) in a city with several industries,
one of which was a polyvinyl chloride facility. They found that the incidence
of both types of tumor vas‘only slightly higher than expected, based on the
incidence in Croatia over the samelperiod. No cases of nepatic angiosarcoma,
but eight cases of hepatocellular carcinomas we;e reported. However, no
relationship was established betwesen these cases and either occupational or

residential exposure to vinyl chloride.

One hupndred and thirteen cases of bronchogenic cancer were reported.

glectl SBY

Ninety three percent of the 158 males and 4T% of the 35 females in the study
group were smokers, end 39% wvere between L5-04 years and 58% were 65 or older.
No relationship could be established between these cases and exposure to Vinyl
rchloride either occupationally or residentially.

In Wisconsin'residen£s|between 1964 and 1976.ten cases of angiosarcoma
of liver wvere idegtified. IThis is twice the expected rate based on estimates
of the crude incidence of angiosarcoma of the liver for the entire United Statesga)
These cases were scattered across the st;te;.the ages.ranged from 36~-T1 years
(mean 58); 9 were male and 9 white. One had a history of thorium di oxide

exposure; two or possibly four had had an arsenic exposure; 7 of thae 10 nad lived

on farms during their life. Only 1 had exposure %o a vinyl compound - pelywvinyl

acstate, and 1 had lived neer a chemicsal company wnich made plastics and resins.
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A study undertaken by 3rady at al(h)indicated that the incidance of
hepatic angiosarcome in residents of New York State, excluding iew York City,
exceeded the incidence of such tumors in the total U.S. population (0.25 per
million versus Q.14 per million respectively 1970-19755. .

Twenty six cases of hepatic angiosar&om& vere repsrted to %the Tumor
Registry of the Cancer Control Brueau (N.Y. State Department of Health) in the
years 1958 through 1975. UNineteen of these had no known exposure to any of the
three agents known to induce such tumors (arsenic, thorium dioxide and vinyl
chloride). Five, however, had lived for long periods (8-62 years) close to
eithgr,a vinyl chloride or a polyvinyl chloride plant. In the other fourteen
cases no pertinent’ residential or occupational history was obtained. The
authors remark that all ﬁatched controls* lived at a distance of more than cne
mile from the respective plants, However, the place of residence for the
1L cﬁses is not mentioned, nor is the guestion of wind direction, or other
possible chemical exposure addressed.

This study at best, indicates & possible relationship between ambient
axposure to vinyl chloride and hepatic angiosarcoma induction.

‘ , (26) (25) .

' Infante et al reported a grester than expected number of deaths from
central nervous system tumors among residents of L United States cities combined

(38 vs 24.7). Three of the cities had polyvinyl chloride facilities and 1 did

got, but was 8 miles from one of the other 3 cities. Expected rates were based

"on the Ohic State rates, The Standard Mortality Ratios for cancers was incressed

in 2 of the cities. However, the number of cases involved was small and makes

it impossible to draw any firm conclusion from the study.

#*Controls were derjved from the same Tunor Registry and consisted of cases with
an internal malignant tumor, other than a primary liver tumor.
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of Labour in cooperation with the companies, set up a nominal roll for all
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THE EXPERIENCE WITH VINYL CHLORIDE I ONTARIO:

Ontario has been involved in the production and polymerisation of vinyl
chloride for many years. The first plaqﬁ started up in 1954, a second in 1957
and a third in 1960.. Since 1954, as far as can be ascertained, approximately
1,000 workers have been exposed to the chemical for a period of 3 months or more.
In the earlier years it is presumed that exposure concentraticns wopld have been
high, with certain job cﬁtegories experiencing very high exposurses., Once it was
recognized that the chemical caused health effects, measures were taken to
reduce exposufe concentrations and when the chemiczl was linked %o hepatic
angiosarcomas in 1973, further steps were taken to reduce exposurs concentrations
even further. At the present time it is estimated by the companies that exposure
concentrations run around 2-3 ppm fo; the majority of the time.

Medical programmes were set up oy the involved companies as the peed
became obvious. Preplacement examination and regular assessment are underteken
by the plant physician. Wheq wvorkers retire or resign they are asked to notify

the Ministry of lLabour pf their whereabouts and subsequent moves. The Ministry

workers in the three major companies who were exposed to vinyl chloride for
three months or more. When an employee retires or resigns from the company

he is asked to notify the Ministry of Labour so that follow-up can be xaintained.
However, due to the human factor involved, this notification is less than 100%
and follow-up is thus incomplete. This nust be remembersd when one states

that to date, to the best of our knowledge no cases of vinyl chloride induced
nepatic angiosarcoma have.been sean in Ontario.

Also to be remembered is the small number of workers who would have a
sufficient latent periodlfor development of a hepatic angiosarcoma, the decressing
exposure concentrations over the years, the rfact that_one plant is an open one,
the small number of workers in the annual work force and the even smaller number

who would hava had Jobs such as reactor cleaners. It is possible also that -
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recognized cases of hepatic angiosarcomas were classed as such, only when

reviewed with the knowledge of the association between viayl chloride and

this tumor.

It may well be that we have just entered into the time period
vhen one would expect to see these tumors because of long latent period, and
if, as the reported studies suggest, the latent ﬁeriods for tumors of other
organs are longer, we may still not have reachad this time.

While to date we are not aware of any cases of vinyl chloride induced

tumors in Ontario, we must remsmber that this picture may change in the future,
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THE DERIVATION OF AN ACCEPTABLE CONCENTRATICN CF VINYL CHLCEIDE
FOR _QCCUPATIONAL EXPQSURE:

Ideally the derivation of an acceptable concentration for occupational
exposure to vinyl chloride should be made using data from epidemiolcgical studies
which describe the dose response function in humans. In the case of vinyl chloride,
this type of data are not available end it, thersfore, becomes necessary to usé .
aniéal studies which do provide guantitative data. In the case of vinyl chloride,
the animal studies of Maltoni ere the only ones suitable for this purpose and as
such have been used exclusively for the derivation of an acceptable concentration
of vinyl chloride for occupaticnal exposure.

It must be recognized that when animel data are used for such a purpose
many assumptions must be made. It has been assumed that no threshold exists;
that the function is a linear one; that the ef'fects observed at high doses can be
extrapolated to lower doses in the same species; that if the chemical is inhaled
it is possible to extrapolate directly from animsl to man; that the risk for both
animal end man is similar,if a similar fraction of their life is spent in a smaller
exposure concentration; that the latent pericd for the developmént of a specific

tumor takes the same fraction of both species lifetimes if they have experienced

ssimilar exposures; an acceptable risk has bean taken to be leO-u per year.

Based on the animal data and recognizing fully the assumptions that have
been made, it has been calculated that an acceptable concentration of vinyl

chloride for the air in the workplace is'2 ppu. See appendix I.
SUMMARY :

Workers have been exposed to vinyl chloride since the early 1920's.

6LE€L) SBYH

Because of the large demand for its products, production has increased anoraously
since its introduction to the market place. Viayl chloride was up to 1973, con=-
sidered to be of low toxicity despite some published reporss of toxicity inm
exposed workers. Up to 1974 exposure concentrations rrequently reached hundrads
of ppms snd often thousands of ppms as ascertained by reported acute effects.

Once it was recognized ihat vinyl chloride was capable of inducing hepatic

angiosarcomnr in those expngad %o if. tha wmslbwmcm cananees
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lovered. However, some of the workers had already veen exposed to high concentrations

of the chemical.
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Since 1973 it has been rzcognized that vinyl chloride has been responsible
for the induction of hepatic engiosarcoma in exposed workers. Current information
suggests that, in addition, tumor induction may occur in other organs and zay
include angicsarcoma of sites other than liver hepatomas, tumors of lung, brain,
respiratory tract, lymphatic system. Presently, hovever, hepatic angiosarcoma
is the only cumof definitely associated with vinyl chloride exposure in men.

The epidemiological studies suggest that in the cases known to date high

exposure concentratiom/;ggiod between initial exposure and observation are related
to the development of the tumor.. The lack of quantitative human data make it
impossible, however, to derive a dose response relationship for this effectip man.

Malto;i's animal studies have showvn the induction of hepatic angicsarcoma
in rats, mice and hamsters, with the former twblspecies of animal developing the
tumor at the lowest tested dose. A dose response relationship was observed for
the rat over the three lovest doses tested. Tumor induction was also related
to the duration of exposure and interval between initial exposure and observation.
TuFors of other sites were also reported. gecause the data from this study
conprise the only quantitative data sawvailable, they have been uzsed to derive an
acceptable occupational standard for exposure to vinyl chloride,

‘Besides carcinogenesis, exposure to vinyl chloride can result in a
variety of toxic effects involving blood veésels, lungs, skin, spleen and liver,
It has been suggested that these effects may be the result of an immumological
response with multi system involvement. Immunological studies add some support

to this theory.

Vinyl chloride has been found to Be mutagenic in bacterial test systems,

Chromosomal studies on humen peripheral lymphocytes indicate a possible mutagenie

[T

affect in mzan.

l ) Some reported studies indicate a possible germ cell effect on male

workers exposed to the chemical. The studies are however, inconclusive.

L —
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Studies undertaken to evaluate the effects of environmental exposure
to vinyl chloride suggest a possible relationship between exposure and increased
incidence of tumorigenesis, especially ¢f the central nervous system, and

congenital abnormalities in exposed populations. Whilst these studies suggest

. such relationships they also are inconclusive,

There have been, to the best of our knowledze, no known cases of vinyl—
cnloride induced hepatic angiosarcoma among the estimated 1,000 workers exposed
to the chemical in Ontario since the incepticn of the industry in 195Lk. Howvever,
as follow up has been less than one hundred percent and as the interval betwveen
initial exposure and observation may be shorter than the interval regquired for
the development of tumors, particularly, if the group ekposed is small, it may-
be too early to fully assess the full impact of vinyl chioride in the exposed

population.

CONCLUSION:

Epidemiological studies have demonstrated a definite cause and eff;;t
relationship between exposure to vinyl chloride and the development of hepatic
angiosarcoma ;n exposed workers. In addition they suggest a relationship hetweaen
ékposure and the Aevelopment of other tumors. As the exposure data are ill defined
and frequently are only estimates using a variety of sources of information, the

data arefar from quantitative and as such are unsuitable for use in the derivation

of a dose response function and subsequently for the derivation of a safe exposure

‘level. At best the data suggest that past exposure concentrations have been high

for those who have developed tumors aﬁd that the interval betweer initial exposure
and the time of observation may influence the observed response.

The animal studies of Maltoni provide the only gquantitative data available
which is suitable for use in the derivation of a safe exposure dose.

The utilization of animal data for such a purpose is not without problems.
Many assumptions must be made and findings have to be extrapolated from animal to

man. In view of the assumptions taken, a conservative approach must be adopted.
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a tumor by being exposed to 1 ppm of vinyl chloride is derived. 3y essuming
an acceptable annual risk for man the exposure concentration which would incur
this risk is calculated.

Based on the experimental data and using the assumptions descsibed, it
was calculated that the risk resulting from lifetime exposure of workers to

2 ppm vinyl chloride would be acceptable.

RECOMMENDATIONS :

The time weighted average exposure limits shall be 2 ot vinyl chloride,

@ n
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TABLE I

Observation

{(2) 'Soume animals developed more than one tumor.

R&S 113389

& Exposure Exposure Number of animals Latent |Humber of animals | Latent Total number

and concentration |duration period that developed period [that developed period. jof animals that

i ppm weeks., weeks. hepatic snglosarcomas |[weeks. [nephroblastomas. developed tumors Ref,

(2)

‘ats 500 52 135 1 81 y B3wks 22 (32)

s 250 52 135 h 19 6 B0Owks 16 {39)

ts 50 52 135 1 135 1 13wks | 10 (30

ts 0 0 135 0 0 0 0 None (3?)
{1) S.p. - Sprague Davley
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TABLE 11 (BT} )

aal Humber of Number of Site of Total number Bef
cies Exposure Exposure [ObservationfPulmonary Latent Memnary Latent{ other tumors and | of animals
Number{ Concentration duration Period Tumors Period Cancers Period types with tumors.
38 L hepatie angio-
2 500 ppm 30 wks L1 wks 16 34 2 33 sarcomas. 17
3 1 subcutaneous.

1 skin acanthoma
is 250 ppm 30 wks L1 wks. 11 34 6 30 3 hepatic
s anglosarcomas.
4 1 hepatic angioma,
.8 50 ppm 30 wks 41 wks - - 1 35 2 hepatic
. fibroungiomas.

2 subcutaneous

angiosarcomas.

) (W] - bl wks 1 39 0 - -




TABLE IIX (BTB).

Animal
Species and
Number

Exposure
Concentration

Exposure
Duration

Observation
Period

Angiosarcomas
Liver

Site of other
tumors and
types.

Reference

Golden
Hamsters

X 33

500 ppm

28 wks

28wks

{1 at later
stage).

1 lymphoma.

(31}

Golden
-|Hamsters

X 32

250 ppm

28 wks

2Buks

(39)

Colden
lamsters
X33

50 ppm

2B wks

28 wks

1 iymphoma

(39)

Golden
HamsLers
Xto

28 wks

(39}

R&S 113391
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TABLE IV (BT3‘+ BT, )

Aninuls Exposure Observation
Surviving Rats concentration | Exposure duration Buring Animals with
weeks weeks. veeks. twnors.
Sprague . 1 imal:
Davley rats 500ppm 17 66 animal: =
. lymphoina

x 54

Sprague

Dawley rats 250ppm 17 66 1 animal; -

x 39 nephroblastoma

Sprague 4 unimals:

Dawley ruts

x 59 500ppm 52 66 1 hepatic angio-
sarcomas - 3
other types,

Sprague 3 animals:

Dawl t 0

awley rats 250ppm 52 66 2 hepatic

x 59 |
angiosarcomas -
1 other type




a0 @ E N

TABLE ¥
Exposure Exposure -
sn studied.] durstion concentration Curomosomal Effects Comments Conclusions Ref
{range in | {range in
years.) ppus ).
"5 Significant increase in Comparison of the Vinyl Chloride Monomer is{ 27
ds from 1-2h years| 2000 -80 ppm breaks over controls. control groups mutagenic though a dose
o lnt. indicated similar response function could
_ rates of chromosomal |not be derived.
‘ginel 1-26 years| 2000 -850 ppm No difference between breaks in both groups
8 initially, study group and controls.
ed
: 80 -~ 1ppm
ears later] during the
subsaquent
2 to 2.5 yrs.
;1s from .
2 plant.
‘r8 1-2Byears Estimated as No significant difference Vinyl Chloride Monomer [h&
‘ols 12 ~< lppm between exposed group and at low doses may not
ng of ' controls. induce changes.
‘esenting -
mployment
aus) No
.f exposure
somal
agents.
9-29 years| 20-30ppm at Significant difference The highest frequency ]JHo conclusions can be 18
E Lime of between exposed group of abnormal cells was|drawn from this study
study but and controls. observed in those as the groups are too
presumably with the shortest small,
higher in exposure, 2 cases

earlier years

did not vary from
controls,

R&S 113393
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slant - 6
of plant.)

uge rates did not vary with
Jduration of exposure.

effects.

TABLE ¥V (continued)
Exposure -
tion studied] duration Exposure CRromosomal Effects Comments Conclusions Ref,
{runge in concentration :
years.) |{range in ppms)
kers poly- 1-17 years +500 ppm A significant increase was All those exposed The risk of such 35
shloride, {average ) not observed 1 eilher in polyvinyl chloride changes occurring
6-5 years}| exposed groups. industry had been as a result of
_ exposed to exposure to vinyl
ralory 2-15 years estimated The severity of the lesions X-ray examinations chloride is low,
5, ° {average maximum S50ppm |observed was greater in the in the recent past.
9-5 years) polyvinyl chloride workers '
thun in the laboratory
workers.
3ide plant - B
Jls,
svinyl 18-29 yeard "High" ‘jAn increased frequency of These results confirm 21
ride workeral {average breaks was observed -in the that vinyl chloride
2hyears). three groups as compared with monomeT may be one of
. e the 4 control cases. There many causes of cyto-
“inyl 21-29 year% Low was little difference in the genic damage.
ride workers| {average
frequency of breaks between
26years) )
ttie three groups.
2 9-36years none to vinyl
afacturing {average chlioride,but
N 25 years)| exposure to
other chemicas
occurred. )
~ols - none
tvinyl L-28years 500ppm or A significantly higher This is a snall These results indicate | 12
ride workers| (average more. frequency of un3t%21$w‘ﬂwakﬁ study group. that vinyl chloride
tLrols 15 years) changes was observe&i Break—~ induces mutagenic
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TABLE V {continued)

Exposure {'Exposure '—1
:tion studied ] -duration concentration Chromoscwal Effect Comments Conclusions Ret,
(range in | (range in :
years). ppus ).
;o08ed workers A significant increase was A positive Te results indicate 5D
observed in the exposed groups correlation was that vinyl chloride
sclave {average} ] Ranges — as compared with the controls. observed between induces mutagenic
‘hers. 10-Tyears Those with a history of short duration of employ-feffects in exposed
term exposure to the excursion | ment; smoking and {workers.
<. and {average) 1000-300ppin values had a higher percentage exposure to
Feors 12-T years} (1945-1979) of abnormal cells. excursion values.
i chloride {average)
ators. 6-3 years
yvinyl (average) | 15-5 ppm
ride 15-5 yrs {thereafter)
renance
¢+ chloride {average)
Lenance 6-1 years
:1lanecus (average)
8-6 years
.rols -
.2rs not 1000-150 ppm No significant difference An increased rate
ymptoms ) stuted, {assumed } between exposed and controls. of chromosomal ™
berrations was
28 - <1 &
:ie ppm observed only in
those with symptoms
of vinyl chloride
ored i . illness
ure ...b -~ ‘ I'Jl)ll| ne .
rols.
a8 A significant difference
/mptoms Fosaemea bawsngnl petween workers with
trol symptoms and control group.
L
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Calculacion of an Acceptable Concentration of Vinyl Chloride
in Air Iin the Workplacse

L6EELL SBY

Data

The results of several animal experiments involving the inhalation

of vinyl chloride were used in these calculacions. 7The.exposed animals

were made up of six exposure groups of approximately equal numbers. Exposure
levels were 50, 250, 500, 2500, 6,000 and 10,000 ppm of vinyl chloride. The
control animals and all of the exposed animals were observed fotr the same cime.
In the case of the Sprague<Dawley rats, which were exposed for 52 weeks, the
animals were observed uneil all had died and, in all other cases, survivors
were present at the end of the observation period. The data used in the cal-
culations are in Appendix QA and a more complete description of the experiments
{3 contained in reference 1.

-

The data contained in reference 2 consisted of results obrained from
animals which were sacrificed long before the end of their natural lives as
well as tesults obtained from animals which were allowed to die naturally. Since,
in the published reports, the results from the two groups were combined, any
calculation based upon the data would under-estimate tumour risks. Hence, the
data were not used, ’

Methods of Results

The relative frequencies of specific tumours in control animals and in
all animals exposed to vinyl chloride were compared. Table 1 contains the
probabilicy that the tumour frequencies in control and all exposed animals were
the same. Comparisons which were not statistically significant at the 5% level
were not reported.

Also, the relative frequencies of specific tumours in comtrol animals
and in animals in the lowest exposure level were compared. Statistically
significant differences at the 1% level were found in Swiss Mice for mammary
carcinoma, anglosarcomas of gites other than liver and.other vascular tumours,
and also all tumours. In all other cases, there were no statistically significaat
differences in tumour frequencies in control animals and in animals exposed to
the lowest exposure level.

Two methods were used to make estimates of the excess tumour risk
facter.,

In the first method, it was assumed that the excess tumour risk
corresponding to vinyl chloride concentration, C, was less than the risk,R,

calculated using the following formula:

R = Roe xC
Co

where, Ro = upper confidence limir of the excess tumour risk corresponding
to vinyl chloride concentractionm Co.

Co = highest vinyl chloride concentration at which no excess tumour risk
was discernible (no effect level).

Excess tumour risk was the fraction of exposed animals which developed the
tumour during the experiment less the fraction of unexposed animals which
developed the tumour during the experiment.
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The upper 95% and 99% confidence limits of excess tumour risk were
used, -The upper 95% confidence limit and the upper 99% confidence limir
were calculaced so that the probabilities that the excess risk was, in fact,
higher were 3% and l% respectively.

- - R ——

The factors Ro/Co were calculated when the tumour frequencies in contrel
animals and in all exposed animals were statistically significancly different.
Calculations concerning the risks of Zymbal Gland carcinoma were not reported
because such glands are not present in humans. Table 2 contained the upper
95% and upper 997 confidence limits on excess tumour risks per ppm of vinyl
chloride based upon the data observed at the no effect level,

In the second method, it was assumed chac the excess tumour risk
depended linearly on the concencration of vinyl chloride in air when the
concentration was sufficiently low,

Unweighted linear regression calculations were made in order to
fir the observed excess risk to the following equation:

R = AxC+3B
where R = Excess tumour risk at vinyl chloride concentration C

A = Calculated slope of the regréssion line (excess tumour risk®
per ppm of vinyl chloride).

B = Calculated intercept of the regression line (excess tumour
risk ac 0 concentration of vinyl chloride)

C = Vinyl chloride concencracion in air (ppm).

The calculations were made when the tumour risks in control animals
'and {n all exposed animals were found to be statistically significantly dif-
ferent. As will be shown later, the linear dose response function applied
only over the lower dose ranges and therefore risk estimates derived from
higher exposure groups that did no longer satisfy a linear dose response function
were omitted from this calculation.

The caleulated slope of the regression line was an escimate of the
excess tumour risk per ppm of vinyl chloride and the calculared incercept
of the regression line was an estimace of cthe excess risk at zero vianyl chloride
concentracion. If the intercept was not stacistically significancly different
from zero and the slope of che regression line was staciscically significantly
different ‘from zaro then the data were compatible wich a linear risk function
with no threshold. A negative intercepc which was statistically significancly
differenc from zero together with a slope which was statistically significancly
different from zero would indicate that the data were compatible with a linear risk
function with a threshold.

In no case was the caleculated intercept negacive and stacistically
significantly different from zero. For mammary carcinoma in Swiss Mice, the
incercept was positive and stacistically significancly different from zero
and the slope was not statistically significantly different from zero.
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Table 3 contained the caleculated slopes of the regression lines and
their upper 997 and 95% confildence limits, the range.of concentrations used
in the caleulations, the probability that the slope Was zero,and the probabiliey
that the intercept was zero. The results werereported only when the slope of
the regression line differed significantly from zero. The 95% and 997 upper
confidence limits were calculated so that the probabilities cnac the slope is
in fact higher chan the upper confidence limitswere 5% and 1% respectively.

Figures 1 to &4 contained plots of the regression lines, 95% confidence
limits of the regression line, 95% confidence limitd for data poincs -around
the regression line, and the data poincs used in the regression caleculation.

It was apparent that tumour risks at "high' concentrations of vinyl
chloride were not compatible with the linear regression line calculaced from
the risks observed at "low! concentrations. The following non-linear funccion

was used in order co fit the observed tumour risks over the range of concentra.
tions used in the experiments.

)
v
wn
=
)
w
w
BxD ‘ ' @
R = KxDxAxe 1f A x e'BXD <1
KxD if A x e-BxD > 1
where R = axcegs tumour risk

D = concentration of vinyl chloride (ppm)

K = slope of risk function caleulaced from risks at
"low!' concentrations of vinyl chloride

A and Bwere fitted constants and Awas subject ro the
restraint chat A must be greater than or equal to l.

In this non-linear risk function, che factor KxD represents the
tumour risk at vinyl chloride concentration3 D; cthe second facror, Axe~BxD
represencted the fraction of cells surviving the exposure to vinyl chloride

concentration D; the resctraint Axe”™ " > 1 {ndicated a range of concentrations
at which no significant cell-k{lling occured.

’

This risk function increased linearly at 'low" concentrations,

reached a maximum risk, and as concentration increases further, che risk
function degcreased. .

The function was fitced separately to the excess risk of liver
anglosarcoma and to the excess risk of all tumours in Sprague-Dawley rats
and in Swiss Mice., The risk of liver anglosarcoma in Sprague-Dawley rats was com-
patible withthe non-linear funection. See figure 5. In the ocher cases, ‘
the daca and che risk function were not compatible.
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Calculation of an Acceoptable Alr Concentration of Vinvl Chloride

The upper 99% confidence limit of che excess tumour risk facror
which was derived from cthe data observed at the no effecc level in Sprague-
Dazwley rats expesed to vinyl chloride for 32 weeks was used co caleculasge
the acceptable air concentration of vinyl chloride., This particular value
was selected because it alone,among all the calculated upper confidence
limits of the excess tumour risk factors, was derived from daca which rep-
resenced lifetime tumour risks and also because {t was derived by using '
the more conservacive approach which used data observed ac che no effect
exposure level, The numerical value thus derived was 4.3xl0"
excess tumours per animal per ppm of vinyl chloride.

In order to obtain che risk factor for humans, it was necessary to
make an assumption. It was assumed that the Lifetime tumour risks were the
same in man and the Sprague-Dawley rat when the same fractions of each species
average lifetime were spent exposed to the same concentration of vinyl chloride
{n air. In this calculation, the average lifecime of the rat was taken to be
2 years(5), The fraction of the average 1iferime spent in exposure by the
Sprague-Dawley rat was calculated to be:

’ . -2
L. 4 hrs/day x 5 davs/week x 532 weeks = 6.0 x.10
24 hrs/day x 7 days/week x 104 weeks

The excess tumour risk factor when the duraticn of exposure was
an average lifetime was calculated to be 6.3%107% = 7,2x1072 per ppm of
vinyl chioride in air. ' 6.0x10-2

The annual exposure duration f£or a worker was assumed to be 8 hours
per day, 5 days per week for 32 weeks and the worker's average lifecime was
taken to be 70 years, Hence, the fraction of an average liferime spent {n
exposure during the course of one working year was calculated to be

8 hours/day x 5 days/week x 52 weeks = 3.4x10~7
24 hours/day x 7 days/week x 52 weeks/year x 70 years

Hence, the lifetime risk when the exposure duration was 3.4x10"3
of an average lifetime was calculated co be

3.4x1072 x 7.2x10'2 per ppm = 2.4x10"% per ppm

When the workers ire exposed year after year tc the same concentration
of vinyl chloride, the annual risk resulcing from the exposure will increase
in successive years and approach a maximum value which is equal to
che lifecime risk from the exposure accumulated over one working year., Hence,
the annual excess tumour risk for persons who are continually in exposure in
the workplace te air containing 1l ppm of vinyl chloride will increase towards
a maximum value of 2.4x10"% per person or 24 excess tumours per year among
100,000 workers.

The annual accepcable risk for a worker was obtained by using the
data of che International Commission on Radiological Protection (4; paragraphs
60 and 104) and was calculated to be 5x10-% or 30 excess deachs per year among
100,000 workers.

Based upon the resulcts of the above calculacions and based upon the
assumptions made, it was calculated that chronic exposure in the workplace to
air containing 2 ppm of vinyl chloride produced an annual excess risk,of atr
mosg ¢+ ©f 3x1C-" or 50 excess tumours per year among 100,000 workers.




Discussion of Extrapolation Procedures

At the present cime, it appears that there is no complecely
satisfactory mecthod of extrapolating tumour risks from the concentr;:ions
used in experiments co lower concentrations (3). The methods used in this
report represent- the types of approach currently being used to extrapolate
experimental data.

loveELL S®H

In the first approach, the calculation uses the risks observed at the
no effect level., The no effect level is the highest concentration at which
no excess tumour risk is discernible., The slope of the non-threshold linear
function which passes through the upper confidence limit of excess risk at
the no excess level is an estimate of the risk factor when the concentracion
of vinyl chloride is low. The effect of choosing the highest exposure level
at which there is no discernible excess risk is to choose the smallest risk factor
which is compatible with the data in a single exposure group.

In the second approach, it is also assumed that the risk function 1is
linear. In contrast to the first method, the data in several exposure groups
are used in the calculation of the risk factor. In this approach, the
hypothesis that there was no threshold could be tested when daca from several
exposure groups were used. It must be pointed out thact many different risk
functions would be compatible with the observed data and would provide very
different estimates of the risk at low concentrations of vinyl chloride.

Hence, the second approach is considered to be less conservative chan the
previous one. The third approach attempted to show that the data.at all the
exposure levels were compatible with a single risk function. ‘

When the results of the animal experiments were extrapolaced
to man, a number of addicional assumptions were made: ctumour risk increases
{n proportion to the duracion of daily exposure; no adjustment for differences
in species size {3 necessary if the exposure level is measured in terms of
concentration in inhaled air; tumour risks are equal in two species when the
same fraction of each species’ lifetime is spent exposed to equivalent exposure
levels. In addicion, these calculations do not take into account many other
aspects of extrapolation between species which may be {imporcant (3),

Summazrvy 1

The calculation of the acceprable concentration of vinyl chloride
in air {n the workplace was based upon the data observed in the Sprague-
Dawley racs which wers exposed for 52 weeks because those daca alone represented
lifetime risks resulcing from chronic exposure over a sufficiencly long period
of time,

The risk factor was calculated by using the data observed in che
concrol animals and in the animals exposed to the highest concencracion of
vinyl chloride at which there was no discernible excess tumour risk. This
approach provided a more conservative estimate of the risk factor than those
approaches which used the data from several exposure groups.

In the calculation of the acceptable concentration of vinyl chloride
in cthe workplace, several assumptions were made. It was assumed that lifetime
tumour risks were the same in man and in the Sprague-Dawley rat when the same
fractions of each species average lifetime were spent exposed to the same
concentration of vinyl chloride in air. It was assumed that there was no
threshold concentration of vinyl chloride below which there would be no associated
risk and that the relationship between air concentration of vinyl chloride
and excess tumour risk was linear. The exposurs duration for a worker was
assumed co be 8 hours a day, 5 days a week, 52 weeks a year for a working lifecime.
The acceptable annual risk was taken to be 50 excess tumours among 100,000
workers. Based upon the above assumptions che acceptable concentration of .
vinyl chloride in the air in the workplace was calculated to be 2 ppm.




Conclusions:

Based upon the calculations made end the assumptions stated,
the acceptable concentration of vinyl chloride in air in the workplace
is 2 prpm.
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ABLE 1: Comparison of Tumour Frequenciles in Contfol Animals and in Animals Exposed to Vinyl Chloride in Ailr

Probabilicy of No Differeance in Tumour

Experimental Exposure Observation Time Type af Tumour
Animal Time{wk) (wk) (1) Frequency in Exposed{(2)} Animals and
Unexposed Animals
Sprague-Dawley 52 135 Zymbal gland carcinoma 1.07x10-
Rat Nephroblastoma 1.75x10"2
Liver Anglosarcoma 5.33x1074
.All tumours 8.87x1077
Sprague-Dawley 17 B6 Zymbal gland carcinoma 8.95x10" 3
Rat Brain neuroblastoma 1.38x10"
All tumoura 1 31x10-3
Swisa Mice 30 61 Liver anglosarcoma 1.88x1075
Pulmonary tumours 1.09x10-2?
Mammary carcinoma 2,06x10-10
Vascular tumours of Ocher 8.19x10"13
Types or Sites
Epithelial Tumours of the 9.12x10"3
Skin 16
All tumours 1.42x10°
Golden Hamster 30 48 All tumours 1.98x1072

TES: (1) Observacion cime was the asame for exposed and unexposed animals.
{2) Exposure levels were 50,250,500,2,500,6,000 and 10,000 ppm of vinyl chloride in alr
{(3) Results are reported when the probabllity of no difference between exposed and unexposed animals was less than 0.05,

(4) Probabilicies were calculated usiag the Filsher-Irwin exact probability method.
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R&S 113405
Experimental Exposure | Observacion | Type of Tumour | No Effect | Observed Excess | Upper Confldence Limit on
Animal Time {wk)| Ttme(wk)(1) Level(ppm)| Risk per ppm Excess Risk per ppm
95% 99%
Sprague-Davley 52 135 Nephroblastoma 50 3, 4x10™% 1.6x1073 | 2.1x1073
Rat Liver Angilosar- 50 3.ﬁx10_4 1.6x10™3 2.1x10"
coma .
All Tumours 50 1.3x1073 3.4x1072 | 4,3x1072
Sprague-Dawley 17 86 Brain Neuro- 500 0 9.7x10’5 1.5x107%
Rat - blastoma . .
All Tumours 500 4.6x1073 1.3x10°% | 1.6x107%
- 3
§uiss Mice 3o 61 PulmonaryTumours 50 —2.2x10-4 5.2x10~ﬁ 8.2x10'ﬁ
Mammary Carci-
noma SO | 3.5x1072 5.6x1072 | 6.4x1073
Liver Anglosar- 4 -3
coma 50 3.5x10" 1.6x10” 2.2x1073
Anglosarcomas 50%* 3.9x10‘3 6.0x10" -3 6.9x10”
Ocher than Liver
or Ocher vascu-
lar tumours ’
Epichelial Tu- -6
mours of Skin 250 0 2.0x10 3.0x10—4
All Tumours 50k 4.9x1073 6.9x10" 7.8x10
Golden Hamsters 30 48 All Tumﬁurs 50%% 2 6x10-3 4.6 -3 -3
. .6x10 5.5x10

*ES: (1)

(2)

3)

Observation times for both exposed and unexposed animals were the same,

Results concerning Zymbal Gland carcinoma are excluded.

in fact higher than the upper confidence limit are 5% and 1% respectively.

(4}

Results are reported only where there 1s a statistically significanc difference between exposed and unexposed
anlmals (See Table 1),

95% and 99% upper confidence limits are calculated so that the probabilicies that the excess risk per ppm {s

% ata
* indlcates that there is a significant difference in tumour frequency between control gr up and lowest exposure group.
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T 3: Risk Factors for Inhalation of Vinyl Chloride: Sipnificant Results of Linear Regression

Calculations

R&S 113406

sar imental
‘mal

Exposure
Time (wk)

Observation
Time{wk)(1)

Type of
Tumour

Range of Concen-
trations Used in
Calculation(ppm)

Slope of Re-
Regression
Line(Excesas
Risk per ppm)

Probabilicy
that Slope
Is Zero

Probabilicy
that Incer-
cept Is Zero

Upper Confidence Limit
of Slope of Regression
Line

" 95% 99%

Liver
Anglo-
coma
Brain
Neuro-
blastoma
All
Tumours

0-10,000

0-500

2.4x10°%

-5
1.1x10

-4
5.1x10 .

2.7x10"% 3.2x10"

5 5

1.6x10" 2.0x10"

4

6.9x10" 9.5x10™%

Brain
Neuro-
blastoma

0-10,000

-6

< 0,001

-5 -
1.2x10 1.3x10 >

Observation time was the same for exposed and unexposed animals.

95% and 99% upper confidence limits are calculated so that the probabilities that the slope Is fn fact higher
than the upper confidence limits are 5% and 1% respectively,

Results are reported when the slope of the regression line {8 statistically slgnlflcantly different from zero
(p <0.05).




EXCESS RISK PER ANIMAL

ﬂola_‘

sy By [h Kilada Ikl y Eatagsd Nnu*ll}uuu

HITH 835X CONFIDENCE LIMITS

(-

-4 -3
Y = 2.4x 10 x X + 3.8x10

- *
l.__. [ -
.

fig.1:EXCESS RISK OF LIVER ANGIOSARCOMA IN S.D. RATS:52 Wk EXPOSURE

PPM OF VINYL CHLORIDE
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fig.2:EXCESS RISK OF BRAIN NEUROBLASTOMA IN S.D. RATS:52 Mk EXPOSURE
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fig.3:EXCESS TUMOUR RISK IN S.D. RATS:S52Wk EXPOSURE
HITH 85X CONFIDENCE LIMITS
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fig.4:EXCESS RISK OF BRAIN NEUROBLHSTOHH IN S.D. RATS:17 Wk EXPOSURE
HITH 85X CONFIDENCE LIMITS
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fig.5:EXCESS RISK OF LIVER ANGIOSARCOMA IN S.D. RATS:52 Wk EXPOSURE
HITH 95 & 89X COMFIDENCE LIMITS ON E€XCESS RISK
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Matastases to lyng,

Percantags of corractsd Number,

Metasizses (@ liver, lung, agiesn snd brain,

Metastassa {0 lung, ’

Saversl cises of Dreast Nbroadenomss, adrenal and Dituitary tumors
(genwraily adenomas) have not deen cansidered, since ther distnbuton
n tha diftarsnt groupa does nat vary.

Several animals with 7 ar more tumen.

1 sngigaarcoma of the lica; | angiosarcoma ot the nose: 1 intra-ebdo.
minal ARGIOIBICAMA (Haxt (8 liver),
o g Toma W 3ub fibroaing angtoma; | osstlying paraurts
cular ang & inal ang cama (nest 1o liver).

() 2 intra-and el ang {1 next to spleen and ) next g avary);
1 assilying angrossrcoma. of (e neck.

HRNLL : £F 1.

- 2 tabie 1. Caperiment ST1: Fesuilas atter 135 waeks {end of the sxperimant)
* * +
@ Animsils with lymaors
. Angiasarcamay Sub- Bra
Animals cutane= 3kia W Qe type
] (Sprague-Oawiey z;’:f:;ﬂ?:"&, Nephroblaatomau (4) ovs carcls Hugms neuras o .o, Tatal
Tréatmant  rais) Liver (f) Oiner gngias nomer lOMA3 BlaE- 44 () "
(8 situy mas mas
Car- Avarzge . lAvnuqc Averaqge
. v, iatane i ate . 18
Total humber N9 () deme | Na. (4) yme T N ) ums | Ne. Ha.  Ne. Ne. No. Ne. He.
. (%) T (weska) {weaks) {wagua)
YC 10000 som A9 51 g - L) 3 L 43 k] ' £ 3 4 p] * b bRzl P
VG 4300 oo ] &0 L L¥] 0 7 1) FH i I 1 1 1 3 [ n
» VG 1300 com T4 5% H 3 i 31 74 12 "1 1ia } [ 2 5 4 13) p=]
r. Yo 400 aomm 47 43 [ N 1] | ’ i 12 i1 2 ) ! 1 3 - 10 F-]
- V& 150 som [ ) - = - L] 0 [ ) T — 3 - - Py 18
'743 34 oom 34 [£] - am — 1 F] 133 [ 3 i [T t 1 -— -— 1. 10,
No trasumant ) 24 [ - - - — - - — - — — - e - 12 - u; []
1 . Total [ M4 1§ - - W - — [ - T4 13 Y 7 5 i} 155
(a) The animais were treated Dy inhatation for 4 hours daily, 3 days weekly, i 1 ':ulm':na-/ ang:osarcoma; | angiozarcaoms of A9 utarus.
‘tor 53 weeka, {m) Y intra<az@amingl angiosaccoma (next to zpleen); | intrathorsctic osaliys
(b) Amenais alive slter I8 weeks, whan the flrst tumor (a Zymbal glang g angiasareama.
. garcinoma) was observed, The parcantages srs raferrsg !0 (e correciad ta) 1 aatra-43esmnal dittused angrosarcama, :
aumoer. (a) 2 Iym=w juand acenomas: 1 ma Yy carc 1t neurnt

1 gvanin <, staadenocarcinoma.
4 Zymoai 7:ang adenemas: ! salivary gland adenccarcinama: 3 hewktic
and 1 cenitreal angiamas,

(»

{g) \ Jymeal $'and aa at y carel 2 agendy

() 1 mammary zarcinoma: 2 lymp a3 1 oul fity

(5} ) Ivmoai J1and xcanoma: t Y car a Yy 'S

() 1 Zymzal sland adanamaz; I mammary cargir Dot
angrogercitoma; 1 utenns adenacarcinomas (1 with sarcomatous Compo-

nent),

1 wvazsive acaninoms of Zymbal gltand: 1 torasar + 2
2ernoryal PSroangiomal, ? utanne adenacarcinomes (1 wiln 1arcomatous
camponant]' | ylerine imQnvyoaarcoma: 1 avaran lbrosarcoma; 1 pui.
manary rhaddomyasarcaoma: { tympnoma,

(Y]

ELVELL SBY

Tadle 2. Experinvermt ATI: Resuits aiter 28 &
Nu‘mh‘n of Number ol saimals with umars (B)
imais Angiosarcomas
(praque-Oswiey Zymbal Beain Other type
Traatment (8) Hata) Jland :::'n.r:au- Uver Ottver Anuros and/or yte Tatal
Totmd 3::!- catcinaman siten Biastamas {e) (¢)
V& 10080 apm x 97 4 (18 — (5 — ! 8 1 le) () s(n 3 (3} (19) 5 ( a)
¢ _wm gom !_e 13 i) -] ) =NAL — {3 (D 7i{n): 9 W (X
VG 1500 ppm (] EE] '3 14 4 - $ — (3 ) — [ (2
VG 500 pam [ 3w - (B - 1] -— K] - 2{i) ( N 101
YC 250 opm ] 15 — V(s =i - 1 - 210) (8 Y]
VS 10 opm 0 n - - - T - — W T( 3
Na treatmeni 150 128 — - - — — I N 1( D
Towm 450 236 1 (20 1 -3} F 12} 10 (12 17 {49) 8 (*17)
(2} The animais were treated Sy inhatation 4 hours daly, 5 hours weekly, (0 1 arouat angicaaccamy,
for 17 waeks, (@) 1 garaurrsyiar librosar ! nmaal ilt : 1 renal ad a.
(b) Between Brickets ars recorded e tumary tound in sxperiment BT after  (R) | Zymom Jtand fibroangqiams: 1 sxin carcir 1t ydcutaneaus an-
M wosxa, gioma. 1| mammary carcinoms: 1 lor pagil i 1 gramiad
(€) Severat cazea of breast Nbhroadenomas, zdrenal and Sitwmilary umors asteoma.
{generaily ademamas) have not Deen considarsd, since their disthBytion {i) 2 iymonaoras.
n the diffarent groups goes not very. (i} 1 Zymoal gland acenoma: 1 retrobuibar fihroms,
(d) Several animais witn 2 or more tumors, (%) 1 Zymest gland ty
(s} 1 sub 9
Tabie 3, Experiment BT7: Resulls aftar §1 weeks
Numabaer of NHumbder g/ xrimeis wiith fumoary &)
animais
Treatment (4) [Wistsr rata) Zymbal . Mephrabis- ang\gudreamat Brain Qthar type
- land * Qther neuro- Total
Tatal f::. Grtinames  VOMa3 Liver sitas Diastomes and/er e
V¢ 10000 pam bl & - tm (Y - (Y {3 1) Y (%)
VG a9 ppm i 12 - 1) - (1) E ) - (1) _(7) .-( F — (5}
yC 1568 ppm x 1 (1) - (1) - {1) - (2 — - 1; - { 5}
YC 500 pom <0 18 - - 1 - - - 1{ 1)
N¥GC 150 ppm 0 b — -_— — — — 1 (d) ]
vC 3 ppm 0 =2 - t— - - — - -
Mo {reatment: “ 4 i - - - - — -—
Tatsl 723 117 - 10} 1 (5 119 - (4} 1 (J) 3 {9 T 30
(4) The animais wars treated by inmaiation lor 4 Rours darly, 3 days weekiy, [C]

‘or 47 wesng.
(b) Batween bracketzs are recorded (he lumors tound in male Spragues
Dawiey 1at3 of the experiment AT, after 7t ey, .

2 Iymost g'and adenrumas.
(d) 1 ang of the




