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Although this compilation contains most of the
references to the biological cffects of vinyl
chloride as related to mammalian toxicity, the
compilation should not be considered as exhaustive,
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THE TONICITY OF VIIYL CHLORIDLE VAPOR
A Bricl suunary of tihce Publishoed Literature

Junc 20, 1974 #E

The following articles and abstracts arce belicved to lnclude
most of the significant toxicological and medical references

to the toxicology of vinyl chloride monomer in man and animals.
The articles and abstracts are arranged in chronological order.
Articles published in the last half of 1973 and in 1974 may

not be included if they have not been abstracted by Chemical
Abstracts or Biological Abstracts,

Important review articles which summarize much of the old
literature have becen used to cover the literature prior to
1961-1962. Thercfore, copies of certain articles and abstracts
deseribed in these carly roviews are not included in this
compilation. Translations of some articles are included.

Since vinyl chloride (chlorocthene, CH,=CICl}) is a gas

at room temperaturce and pressurce, the Comnoa route of

toxic exposure is hy inhalation. As with many liguified
gases, contact of the skin or eyes with escaping compressed
vinyl chloride can produce frecezing and frostbite.
(Torkelson ct al, 1961).

[

vinyl chloride has long been considered to be very low in
toxicity by acute inhalation. Lehmann and Flury (1938)
summarized the literature and reported work by Schauman
(1934, 1936) who considered vinyl chloride to be a candidate
surgical anesthetic. Schauman reported little pathological
changes cven after repeated exposure to anesthetic concentra-
tions. Further work on the anesthetic potential of vinyl
chloride was reported by Krantz ct al, 1936, Oster ct al,
1947 and Carr ct al, 1949, who concluded that vinyl chloride
was unsafe for usc as a surgical anesthetic in doygs and that
its use in man is unwarranted.

W. F. von Octtingen (1955) of the U. S. Public Health
Service summarized the available toxicity data on many
halogenated hydrocarbons in an cxcellent monograph.

According to von Octtingen, several authors had reported
vinyl chiloride to be rapidly absorbed and cxecrcted through
the lungs and to cause anesthesia. The following ig

von Octtingen's summary of the toxicity of vinyl chloride
in animals and man:

899520 S®H

"As to the towriciliw of vinyl chloride, Patty, Yant, and
Waite (1920) studioed this in guinea pigs. They found that
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exposurce to 20 to 40 vol. percent kills the animals in a
very short time, that concentrations of 10 vol. percent

arc dangerous to life with exposures for 30 to 60 minutes,
and that 0.5 vol. percent is the maximum allowable concen-
tration for svveral hours' ecxposurce without causing acute
disturbances of scvere nature. Animals exposced in this way
showed some edema of the lungs and hyperemia of liver and
kidneys. They considered vinyl chloride less harmful than
chloroform or carbhon tetrachloride and of a similar order of
toxieity as ethyl chloride. Schaumann (1938) found that mice
and rats tolerate repeated light narcosis for 4 hours daily
on 5 to 8 consccutive days and for 1 hour daily for 4 weceks
without showing kidney or liver injuries. Dogs which had
beeon narcotized for 3 hours with 10 vol. percent on 7
occasions in the course of scveral wecks showed no consider-
able changes in kidney and liver. lligher concentrations

(20 vol. pecrcent) caused in doygs marked salivation,
respiratory arrest, and vomiting after narcosis. Fcoples
and Leake (1933) determined the lethal range for mice with
10 minutes' exposurc as 10 to 12 mM per liter, and Schaumann
(1934) determined the vinyl chloride level in the blood

at the time of cardiac arrest as <40 my percent and at

the time of respiratory arrest as 27 to 30 my percent,

the same valuc for chloroform being 60 to 70 mg percent.

Regarding the foxieity of vinyl chloride for man, Patty,
Yant, and Waite (1930) cxpressed the opinion that the gas
does not posscss adeguate warning propertics becausc of
its odor or irritant action, but that it gives warning

by producing symptoms of dizziness and disoricntation in
advance of harm, except when present in cxceedingly high
concentrations which would causc almost immediately help-
lessness and unconsciousness. Inhalation of 2.5 percent
will soon cause dizziness, disorientation, and a burning
sensation in the soles of the feet, which symptoms disappcar
immediately after discontinuation of the exposurc cxcept
for a slight headache which may last 30 minutes. Thesc
authors suggested the use of vinyl chloride for narcosis
in man."

Despite the early reports ascribing low toxicity to vinyl
chloride, injury during the production of polyvinyl chloride
(PVC) resins was reported as early as 1%49. Significantly
this report came from Europe (Russia). DProduction of PVC

in Burope preceded U, S. production by scveral ycars and
today the guantity produced in Europe still exccoeds U. 5.
production by about two fold. In 1949, Tribuhk ct al

reported numerous c¢ffects in PVC workers in what by today's
standards must be considered as primitive production facilities.
vhese authors recognized that in addition to vinyl chloride
numerous other materials, (plasticizers, stabilizers, break-
down products, ctc.) were probably involved. The authors
findings arce as follows:
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S "1. The volatile substances formed when vinyl chlorido
& resin and plasticized resins arce subjected to heat treatment

mas

in production include organic chlorince compounds, hydrocarbons,
vapors of frece hydrochloric acid, and carbon monoxide.

2. The action of these volatile substances is manifested
in irritation of the mucous membrane chicfly of the upper
respiratory passage; protracted action by the highly dispersced
Adust and vapors of vinyl chloride resin additionally causces
dryness and atrophy of the mucous membrance of the upper
respiratory passages, and also contributes towards the develop-
ment of chronic bronchitis,

0/9620 S®H

3. The considerable number of cascs of hepatitis among
the workers examined, as well as the changes in the upper
respiratory passages, raise the question of the nced for
further close observation of the state of health of workers
and the taking of a number of therapeutic and prophylactic
measures, particularly organization of warm humid (alkaline)
inhalation of medicinal substances for workers.

4, With chlorinated diphenyl used as a vinyl chloride
plasticizer, cutancous affections such as acne, with predominant
localization on the face and neck, were chiscrved in the
majority of the workers,.

5. The following array of sanitation measurcs is required
to prevent skin diseasecs during work with chlorinated diphenyl:
1) provision of protective underwear and outer clothing for
the workers; 2) insulation of a shower room of the sanitation
control station type, with individual dressing rooms for strcet
clothing and work clothing. The sanitation control station
should be outfitted with a stecam room for stcaming these
protective underwear and clothing at a temperature of 110-120°
for an hour. The shop should be provided with wash stands
with hot and cold water.

6. In oxrder to sanitize the ambicent air it is necessary
to decrcase as much as possible the cxtent of decomposition
of the vinyl chloride resin when subjccted to heat treatment.
This can be achieved by standardizing its thermal stability,
and also by recgulating the temperatures to which the rollers,
presses, and other cquipment arc heated, so as to prevent the
temperature from exceeding 120-130°.

b e

Of extremely great importance is cfficient organization of
the ventilation system with the aim of achieving maximum coverage
of the sources of liberation of gases, vapors and dust.

SR

In vicew of the fact that cases of ignition of the condensate
form in the ventilation cxhaust pipes on contact with open
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flame have been observed at some plants, in the designing of

exhaust systems the specifications given in legislation governing e
construction for systems designed for the transmission of o
combustible gascous mixturcs must be complied with." . 2

As a result of two deaths in Canada, Danziger (1960), the |
acute inhalation toxicity of vinyl chloride was studied by
Mastromatteo ct al (1960) who reported that cxposurce of mice,
rats, and guinca pigs to 10, 20, and 30 volume percent vinyl
chloride caused the following mortality:

s
NUMBER OF DEATIIS Il DIFFERENT GROUPS OI' FIVE MICFE, RATS AND Ro
CUINEA PIGS LEXPOSED FOR THIRTY MINUTES TO VARYING CORNCENTRA- »
TIONS OF VINYL CHLORIDE IN AIR o
o
(+)]
Nl
—t
vinyl chloride
concentration Laboratory animal Total
(percent by
volume in air) Mice Rats Guineca pigs
10 0/5 0/5 0/5 0/15
20 1/5 0/5 0/5 1/15
30 5/5 5/5 1/5% 11/15
40 - - 2/5% 2/5

* A delayed death occurred within 24 hours following exposurc.

Some pulmonary hyperemia and engorgement was obsecrved by
these investigators, but liver and kidney injury were
remarkably low. Decaths were due to narcosis.

The first report of studies to determine the effect of
long-term repeated exposure (6 months) were summarized
by Torkelson, Oyen and Rowe (1961) as follows:

"Repeated exposurces of laboratory animals to several concen-
trations of vinyl chloride in air were conducted to determine
the chronic toxicity of this material towards animals in

order to assess the hazard to humans, Vinyl chloride was

found to have a slight capacity to cause liver and Kidney
injury on repcated exposures. Male and fcmale rats showed
micropathological changes after repeated daily 7-hour cxposurcs
at 500 ppm for 4.5 months. Repeated 7-~hour cxposures at

200 ppm for six months resulted in micropathological changes
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in the livers of rabbits and statistically significant increases
in the average weight of the livers of male and female rats

but no detectable changes in dogs and guinea pigos.  Repoeated
7-hour cxposures at 100 ppm resulled in slight inereases in the
average weight of rat livers, thoe other spoecicos woere not
alfected. ALl specics studied tolerated repeated daily

7-hour cxposures to 50 ppm for six months wilh no detectable
injury.

Repeated daily l-hour exposurcs at 200 and 100 ppm of vinyl
chloride wore without effcct, longer cxposures caused a slight
incrcase in liver weight,

The standard for cvaluating regular daily 7 to B-hour cuposures
may be defined as the concentration below which practically

all analytical results must fall. 7The valuc of 100 ppm is
suggested as this standard for vinyl chloride, with a time-
weighted average for all exposures not to cexceced 50 ppm."

Lester, Greenberg, and Adams (1962) took strong cexception
to the conclusion of Torkelson et al (1961) that 50 ppm
should be a maximum time weighted average cxposurce for
workers. On the basis of 3 months exposurce of rats to 2
volume percent and 19 days to 5 volume percent, they
concluded that 500 ppm was acceptable as a TLV despilte
minor changes which they obscrved in rat livers and which
they considered "were within the normal range and werce not

pathologic in nature,"

Because of these conflicting reports, the TLV Committce of
the ACGIN in 1963 chosce to change their TLV from 500 ppm
as a maximum time-weighted average for industrial exposure
to 500 ppm as a cciling value. (American Conference
Governmental Industrial Hygicne, 1963).

Kuecbler (1964) reported that repecated 2-hour daily exposures
to 0.5, 1.5 or 5.0 volume percent (5,000, 15,000 «nd 50,000
ppm) caused no histological injury in rats, mice or guined

pigs.

Since 1949 numerous articles describing conditions and

problems in PVC production plants have appeared particularly

in the LCastern European literature. TFilatova and Gronsborg
(1857), Gabor ct al (1962), Suciu ct al (1963), Gabor

ct al {(1964), Grigorescu and Toba (17564), Antonyuzhcnlo (1968),
and Rudryavtseva (1970), have all described the cffects of
apparently gross chronic exposure. These papers and ahstracts
arc difficult to interpret since there are gencerally inadeguate
daescriptions of the exposurce conditions and analysis of the
workroom air, so no dosc-response relationship can he determined.
The injuries and cffcects described by the authors are not con-
sistent with the levels of exposures claimed by the authors




nor arce the levels of cxposure consistont with past or c¢ven
present—day chemical technology. Furthormore, mixtures of
chemicals dare involva:d making it impossil.le to ascribe the offeor
to any one of them,

For example, Suciu ct al (1963) (through Translation) denseribod
nervous disorders including cuphoria with whistling and laughineg,
incoordination and dizziness similar to alecohol intoxicatiom.
lowever, Suciu ct Al gscribus these resulls to cxposurce of

the order of 5.5 mg/m” (2 ppm v/v) which is not consistent with
other publications which indicate these ceffects will be apparent
only if concentrations greatly exceed 10,000 to 20,000 ppm v/v
(Lehmann and Flury (1938), von Octtingen (1955), Lester cb al
(1963). Therefore, the following conclusions by the authors

can be construed as being the result of massive and apparently
repeated exposurces:

1. Vinyl chloride and the vinyl monomcrs possess a narcotic
action and produce, depending upon concentration, in
addition to characteristic necurologic manifestations, a
state of euphoria (12%), followed by a state of in-
ebriation similar to that of alcohol intoxication. In
certain cases narcosis c¢an appear.

Aftor leaving the working environment, a state of somnolenze
(45%) persists, with hypersomnia.

Vinyl chloride acts on the skin and produccs a sensation
of formication and of heat.

2. After repcated coxposurc, a ncurologic asthenia sets in in
which somnolence predominates.

€29520 gy,

3. After a variable period of time, dyspeptic disturbancer
are added to the neurologic manifestations; thoese o
first not characteristic; they are in the form of
epigastric pains (16%), swelling, discomfort, focl:a

41

of heaviness in the right hypochondrium (7%) or th.
(5%) with anorexia, particularly for fats.

In 30.2% of the cases, congentive hepatomegaly app
which may mimic toxic hepatitis without jaundice;
cases may become chronic.

In 6% of the cases, the hepatomegaly 1s accomp.
splenomegaly. The protcinogram and the aldolases
arc the most sensitive tests and show changes sips
those of acute hepatitis: increasc in a-globulin
of the f~- and y-globulins; the thymel test, Greo o
reaction and the zinc sulfate test are pou

few of the cases.
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4. After 3 yecars of cxposurce in 9% of the cases o syndrome
typical of ulcer without radiologic changes boecomes
mani fest, :

5. In 6% of the casces the Raynaud cyndrome has appoearcd,
particularly among the yvoung men.  DPlethyamography
shows in half of the casces an inhibition of the vasomotor
canters., :

G. In addition, allergic devmatitisg in 4.4% of the casen,
and scleroderma in 3.6%, has been obscerved.

7. The clinical and laboratory findings are of great
importance in occupational pathology because in numerous
cascs discasces appear in man that cannot be reproduced
in the animal (Raynaud's syndrome and scleroderma)

The sudden and freguent appearance of these manifestations
in the PVC divigion of secveral plants, and in certain
divisions in normal individuals who arec still relatively
young, and their disappecarance in the majority of the
cases after the institution of protuctive measures and
change of work, have shown us decisively that vinyl
chloride and the vinyl monomers have played a part in

the production of these manifestations. (End of author's
summary) .

In 1967, reports appecarcd in the literuture describing a
condition known as acroostcolysis in workmen engaged in
polymerization of vinvl chloride to polyvinyl chloride.
lHarris and Adams (1967) reported on two cascs in Europe.
Wilson g£_3£ (1967), reperted on 37 cases in the B. T,
Goodrich Company. DBasalruv (1970) deseribed the use of large
frame photofluorography for diagnosis of acroostcolysis in
Russia. Basalacv et al (1972) described studics in rats

and rabbits and claimed to have produced the discase in thesc
species., Fethiere and Kerzner (1972) discussed the discasc
as did Jithe et al of the University of Bonn (1973). Jihe

et al (1973) described a syndrome consisting of (arranged

in decreasing order of occurrcnce) thrombopenia, splenomeyaly,
liver damage, obstruction of ventillation, circulatory
obstruction, and skin and bone alteration.

As a result of this problem, the University of Michigan in

1967 was retained by the Manufacturing Chemists Association

to investigate acroosteolysis in sponsoring American companics.
The results of a large scale epidemiological study of worhers
then currently cmployed in vinyl chloride and polyvinyl
chloride production were reported in three publications Ly

by this group (Dinman ct al, (1971) Cook ¢t al, (1971)

and hodson ot al, (1971)).
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Dinman ct al summarized the study as follown:

"An cpidemiological study was performed covering 5,011
employces with 21,510 man-yeoars expericnce in various phascs

of vinyl chloride (VC) and polyvinyl chloride (PVC) manu-
facturing in 32 plants throughoul the Unitod States and

Canada. The total number of definitive caszes of acroosteolysis
(AOL) was 25; 16 other individunls werce under suspicion.

This condition is clearly asnociated with the hand cleaning

of polymerizers. Workers engagaed in other phases of VC or

PVC manufacturing do not appear to he at rishk of developing
AQL. The importance of Raynaud's phenomenon ag a con-

comitant of AOL is emphasized. Several statistical approaches
for rapid medical survey are suggested. Acroosteclysis

appears to be a systemic rather than local discasce. Prasently,

neither the ctiological agent nor its portal of cntry is known."

Cook ct al describes the polyvinyl c¢hloride production
mme———pe—— » +
process in considerable detail. They concluded that although
no ctiological agent could be identified, "There appeared
to be a correlation hetween the extent of degassing prior
to entry into the rcactor" and the incidence of acroostcolysis.

Mutchler and Kramer presented a paper at the 1968 Gordon
Resecarch Conference which was subsequently published (1972),
which reported on "The Corrclation of Clinical and Lnviron-
mental Measurements for Workers Lxposed to Vinyl Cnloride”.
The authors drew the following conclusion:

"our findings suggest that repeated exposurc to vinyl chloride
at TWA levels of 300 ppm or above for a working lifetime
together with a very low level of vinylidene chloride may
result in slight changes in certain physiologic and clinical
laboratory parameters. The possibility of somc impairment in
liver function tests must be considercd, even though no

ovart clinical discase was evident in any of the individuals
studied. We shall continuce our study, but suggest that
similar studies to help clarify the ecffects of this material
be performed for other worker populations exposcd to vinyl
chloride alone."

The study by Dinman ct al, together with the study by
Mutchler and Kramer, appear to be the only two significant
epidemiological studies on vinyl chloride workers reported
in the literature prior to 1974, but neither study was
designed to cvaluate the incidence of cancer.

P. L. Viola, in an attempt to produce acroosteolysis in
animals, cxposed rats 4 hours per day, 5 days pur weok to
30,000 ppm (3%) vinyl chloride vapor. (Viola, March, 1970) .
In his first report on the results of 12 months cxposurc,

S19520 S®Yy

'




he described metaplastic changes in the bones which he con-
i siderced similar to the human discase acroosteolysis.  He

I nade no mention of having observed cancer in these animals
until the Tenth International Cancer Congroess in Nay, 1970,
In the abstracts of this mecting, (Viela, 1970), and sub-
sequently in May, 1971, Viola, Bigotti and Caputo (1971).
reported tumors of the skin, lungs and bones occurring first
after 10 months of exposura, The authors sumnarized this
work as follows:

"Rats (Ar/IRE Wistar strain) cxzposced for 12 months to vapor:o
of vinyl chloride developed tumors of the skin, lungs, and

bones. The cutancous tumors, which always appeared 1In the

arca in which submaxillary and parotid glands arc located,

have been histologically recognized as cpidaermoid carcinomas,

papillomas, and mucocpidermoid carcinomas. The morphological
characteristics of lung tumors, which occurred in a lower :
percentage, were mainly of the adenocarcinoma type, with the '
exception of a single epidermoid tumor originating from tho !
epithelial covering cells, In a minor number of rats, a

large proliferation of cartilaginous tissuce diagnosed as

osteochondroma daveloped in che metacarpal and metatarsal

regions of the four limbs."

This report by Viela ¢t al is apparcntly the carliest

publication in which carcinogenic activity has beoen ascrihad
. to vinyl chloride in man or animals., Although there werce

obvious deficiencics in Viola's study, such as his very

impurc sample, the presence of food and bedding in the expogurc

chamber, the cxcessive oxposurc concentration as well as in

the statistical cvaluation and interprctation of the lesions,

the report was of serious concern and resulted in additional

animal and epidemiological studies which are currvently underway

in Italy (Maltoni, 1974; Maltoni and Lefemine, 1974) and the

U. 5. {(Keplinger ct al, 1974).

on January 22-23, 1974, the B. F. Goodrich Conmpany notified

its employces, NIOSI, the Kentucky State Department of Labor,
and the public, that three workers had died of angiosarcomas

of the liver. The casc reports of the first subject has heen
published by Creech and Johnson (1974). The subject, a 36 yecar
0ld male, was hospitalized January 5, 1970 and subsequently
succunbed September 27, 1971. lie had worked in PVC production
from November 1955 until his illness. The history, clinical
course and pathologic findings arce consistent with the othors
who died of angiosarcoma.

The work of Maltoni and Lefemine (1974) has been reported

publicly at the OSHA hecaring, Washington, D.C., February 15,
1974, and included in the 1974 publication of the Second lnter-
national Symposiwn on Cancer Detection and Prevention, Lologna,
N Ttaly, April 2-12, 1973. 1In thesc studies groups of rats as
’ﬁ well as mice and hamsters have been cxposcd to concentrations
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of 10,000 to 50 ppm vinyl chloridc vapor. HNMalteoni and Lefeming
(1974) reported carcinomas of thoe Zymbal glands, nephroblosloma
and angiosarcomas of the liver:s of rats al concoantrations of
250 ppm to 10,000 ppm but not at 50 ppm.  Subsceguent information
not yet published hut presented at the lticw York Academy of
Sciecnce lay 10, 1974 indicated an angiosarcoma was obsoerved

in a very old rat which had been cxposed Lo 50 ppm for onc

year and kept for over 20 months following cuxposure.  Hice woere
also reportaed by Maltoni and Lofemine to have developed tunors
at 50 ppm and higher (Bxperimoent BT, of the 1974 report),
Tumors of other organs were aleo reported in rats exposed to
250 ppm and higher.

In their cexperiment BT, Maltoni and Loeflemine reported possible
in utero production of angiosarcomas in offspring of pregnant
rats cexposed to 10,000 and 6,000 ppm.

leplingar et al (1274) in a study sponsorced by American
companics have confirmed the findings of Maltoni and Lefemine.
In this study groups of 100 rats, mice and hamsters of cach sex
arce being cxposed scven hours per day, five days per wecek to
cither 2,500, 200 or 50 ppm vinyl chloride monomer. Aftoer sceven
months of cexposure angiosarcoma and lung adoenomas have benn
obscrved in mice at all cxposure levels., Although the data

arec praliminary in nature and requirce confirmation, angiosarcomas
were apparcently also obscrved in rats at 2,500 and 200 ppm and
in a single hamster at 2,500 ppm. This study is still in
progress and will not be completed until 1976 or 1977.

Lpidemiological studies on U, S. workers have been conductod
by Tabershaw-Cooper Associates for the Manufacturing Chemists
Association. The data werce presented flay 10 at the Hew York
Academy of Science and a copy of the final report is included
(Tabershaw-Cooper Associates, 1974). The summary of this
report is as follows:

1. “he overall mortality of the study population was
approximately 75 percent of what would be cxpected in
a comparable population of U, 5. malcs.

2. No cause of death showed a statistically significant
excess over whabt would be expected Ln a comparable U. §.
malc population,

3. NHo new deaths identificd as anglosarcoma of the liver waore
found,
4, All previously known angiosarcoma deaths in the study

population during the study period were found as part
of the routine study procodure.

5. Cancors of the liver (primarily angiosarcoma), respira-
tory system, brain, and cancers of unknown primary siteo,
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as well as lymphosarcoma, occurred more often than
cxpected in those memboers of the study population with
the greatest exposure. Even though the cneenses weroe
not statistically significant, the findings warrant furthoer
study.

Otheor cancers occurred at lower levels than in the gencral

male population, with the exception of cancers of the
There was an excess of thesc

buccal cavity and pharyn:.
cancers, which however was inverscely rcelated to exposurc.
The cxplanation for this finding is nol apparcent.

819520 Sy

June 20, 1974




CHROHOLOGICAL LADT OF RELREESCLD

Patty, F. A., W. P. YanL and C. P. Ualte. hAcute rosponse of
guinca pigs to vapors of some now commercial organic compounds
V. Vinyl Chloride, U.0. Public Heatth Reports 45, 1963- 1971,
Abotract only. 1930,

Krantz, J. C., C. J. Carr, R. Musscr and W, G, larnce, The effcat
of chlorinated ethylenes on the perfuscd leg vensoels of  the

frog. Arch Intern Pharma codynamice 92, 369-72. Abstract

only. 1936. T

Lehman, K, B,, and ¥, Flury. ™oxicology and hygicne of
industrial solvents, 1938. As translated by Elcanor King
and Hoenry 1, smyth, Jr. 1041.

Flinn, F. B. Industrial exposurc to chlorinated hydrocarbons.
American Journal Medicine, 1, 388-394, Abstract only. 1946.

Oster, R, ll., C. J. Carr, J. C. hrantz and M. J. Saucrwald,
Ancsthesia XXVII Narcesis with vinyl chloride. Ancsthesiology,
8, 359-361, Abstract only. 1947,

Carr, C. J., R. M. Burgison, J. I'. Vitcha and J. C. Krantz.
Ancsthesia XXNIV Chemical Constitution of hvdrocarbons and
cardiac automaticity. J. Pharmacology and Hxperimental
Therapcutics, 97, 1~3, Abstract only. 1049,

Tribukh, S. L., N. P, Tikhomirova, S. V. Levin and L., A. Kozlov.
Working conditions and measurcs for their sanitation in the
production and utilization of vinyl chloride plastic. Arg
Sanit 10, 38-45. Translation from Russzian. 1949,

Harris, D. K,, Health problcas in the manufacture and usc of
plastics., British Journal of Industrial Medicine, 10, 255-26¢,
Abstract only. 1953.

Von Qettingen, W. F., M.D. The halogcenated aliphatic,
olefinic, cyclic, aromatic, and aliphatic-aromatic hydrocarbons
including the halogenated insccticides, their toxicity and
potential dangers. Public Health Scervice Publication do. 414,
U. S, Department of llcalth, Iducation, and Welfare, Washington,
D, C. 1955,

Filatova, V. 8. and .. Sh. Gronshery. Sanitary hygienic
conditions of worl in the production of polyvinyl chloridc
resins and measuresn of improvement.,  Gicgrena 1 Sanit 22(1),
38-42. Abstract only. 1957.

Filov, V. A. Thermodynamic activity of some industrial poiscns --
evaluation of the activity in the tozicoloyy of volatile organic
compounds. Tr., Nauchn, Scssii Leningr. auchn.-Issld. Inst,
Gigieny Truda i I'rofzabolev, 223-31., ~Abastracl only. 1959,

.
L i

‘:xj:{i"_‘ ' - . R : R
4 ¢ AN il ol S B b . e e Ay T ——— v e T - o e e aees

619520 gwpy




Danziger, . Accidental poisoning Ly vinyl chlorides
Reporl of two casces., Canadian NMedical Ansociation Journal
82, 823. Through Bastromaltaeo ot al, 1960.

Mastromatteo, 1., A, M. FFishor, 1. Christie, and

H, Danziger. Acule inhalaltion toxicity of vinyl c¢hloride
to laboratory animala. American Industrial liygienc
Associalion Journal, 21(5), 204~300, 1960.

Torkelson, T. R., I'. Oyen, and V, K. RkRowe. The toxicity of
vinyl chloride as dcetermined by roepected cxposure of laboratory
animals. American Tndustrial lygilene Association Journal,

22(5), 354-361. 1961.

Gabor, S., M. Lececa-Radu, and I, HManta, Certain biochemical
indexes of the blood in vorkers crxposced to toxic substancoes
(benzene, chlorobenzene, vinyl chloride). Prom. Toksikol.

i Klinika Prof. zZabolevanii Khim., Ltiel. Sh. 221-223., Abstract

only. 1962.

leck, V. W. and G. Pirces. Growth of plants fumigatod with
saturated and unsaturatoed hydrocarbon gage:

1962,

Irish, b, D. Vinyl chloride, CH.,=CHC1 (Monochlorocthene).
Industrial llvgienc and Toxicolog¥, Volume 2, pp. 1303-1305.
F. A. Patty, Editor. 1962.

Lester, D., L. A. Greenberg, and ¥W. R. Adams. Effeccts
of single and repecated cxposures of humans and rats to
vinyl chloride. American Ind.strial Hygicne Assoclation
Journal, 24, 265-275. 1963.

Suciu, I., I. Drejman and M. Valaskai. 1Investigations of the
discascs produced by vinyl chloride. HMoedicina Interna
(Bucharest), Xv(8), 967~978, Romanian Article and translation.
1963,

Burditt, A. K., Jxr., P. G. Hinman and J. U. Balecck, Screening
of fumigants for toxicity to cggs and larvac of the oricental
fruit fly and Mediterranean fruit fly. J. Lcon. Lntomol.,
56(3), 261-265. Abstract only. 1963.

Gabor, S., M. Radu, N. Preda, $. ~brudcan, I,. Ivanof,

%. Anca, and C. Valaczkay. Biochemical changes in workers
occupied in vinvl chloride synthesis and polymerization,
Igicna Bucharest 13(5), 409-418., Abstract only. 1964.

lardic, D, W, I, Chlorocarbons and chlorohydrocarbons:
vinyl chloride. Lirk-othmer neyel. Chem. Technol., 2nd
Bd. 5, 171-176. Abstract only. 1904.

Kueblcer, 1.  The physiological properties of acrosol propellants,
rerosol Age 2(4), 44, 47-48, 50, 90-91. AbLstract only. 1964.

5 oand thedr devivatives.
Texas Agr. Lept, Sta. Misc, Publ. 1-603, 12. Plant Bicchemistry.

089520 S®Y

o




. Mamcedov, M. Vinyl chloride. Baku: Azerb. Gos.o lud. pp. 127. .
Abstract only. 1964, r
i
Burg, S, P, and L. A, Burg., nLthylene action and the ripening 3
fruits. Scicence, 148(3674). Plant-Growth Jogulators., 1965, E
Grigorescu, I. and G. Toba, Vinyl chloridn; i m}u:;trjnl
toxicoloyic aspects. Rev. Chim. 17(8), 499-501. Abstract
only. 196G, i
lHarris, D. K. and W. G. I, Adams. Acrooslaolysis occurring
in men engaged in the peolymerization of vinyl chloride.
Brit. Med., Journal, 5567, 712-714. Abstract oniliy. 1967.
Wilson, R. H., W, L. McCormick, C. F., Tatum, and J. L. Crecch.
Occupational Acroosteolysis, roeport of 31 cases, The
Journal of the Amcrican Medical Association, 201(8), 577-581.
1967,
Vazin, A. 3., and E. 1. Plokhova. Pathogenic cffect of
chronic exposure to vinyl chloride on rabbits. Farmakol
Toksikol, 31(3), 369-372. Abstract only. 1968.
Vazin, A, N., and E. I. Plokhova. Crecation of an experimental
model of "toxic anginncurosis" developing from the chronic
action of vinyl chloride vapors cn an organism. GI1C TR Prof
Zabol 12(7), 47-49. Abstract only. 196¥&.
. Antonyuzhenko, V. A. Occupational poisoning by vinyl
chloride. GIG TR Prof zabol 12(3), 50-52. Abstract only.
18968.
Baretta, L. D., R, D. Stewart, and J. Li. Mutchler. Monitoring
Exposures to vinyl chloride vapor: breath analysis and continuocun
air sampling. American Industrial lygicnce Association Journal,
30, 537-544. 1969.
vazin, A. N., and E. I. Plokhova. Dyvnamic changes in
epinephrine-like substances in rabbit blood following
chronic exposure to vinyl chloride fumes. G1G TR Proil
Zabol 13(G), 46-47. Abstract only. 1969.
1
clapp, J. J., C. I1. Kaye, and L. Young. Metabolism of o
allyl compounds in the rat. Biochem. Journal 114(1), 6-7. »
Abstract only. 1969, 8
(%))
Vazin, A. 1., L. I. Plokhova. Changes in adrenaline-like =]
substances in rabbit blood following chronic cxposurce E
to vinyl chloride fumes. GIG TR Prof Zabol. 13(6), 46-47.
Abstract only. 19G9,
Vvazin, A, N., E. I. Plokhova. Changes in the cardiac
1 activity of rats chronically cxposced to vinyl chloride
vapors. Farmakol Tohksikol, 32(2), 220-222. Abstract only.
1969,

b = = ﬁ@g‘t,.w-ml-’g-:ﬁ-nmrx. g




Schottek, W, Toxicoloygy of vinyl chloride,  Chem,
Tech., 21(11), 708-711. Abstract only. 1969,

%
x

Smirnova, 11, A., and il. P. Granik. TLong-term side of ety
of acute occupational poisoning by certain hydrocarbor.
and their derivatives. GIG Tk Prof Zabol 14(5), 50-5L1.
Abstract only. 1970. T

Basalacev, A. V. Exporience with the usce of large-frame
photofluorography in cxamining shkeletal bones of pensons
oceupationally dealing with unsaturated hydrocarbons of
the ethylene sexies (olefins) and thelr chlorine deriva-
tivas (vinyl chloride, trichlorocthylenc!. GLG TR Prof
Zabol 14(1l1), 34-37. Abstract only. 1970.

Kudryavtscva, 0. ¥, Characteristics of clectrocardio-
graphic changes in patients with vinyl chloride poisoning.
GIG TR Prof Zabol 14(8), 54-56. Abstract only. 1970.

Viola, P. L. Pathology of vinyl chloride. Medicina del
Lavoro, 61(3), March, 1970. Translated from the Italian.
1970. T

Viela, P. L. Cancerogenic cffect of vinyl chloride.
Preserted at the Toenth Int,. Cancer Cong., Houston, Texas,
May 22-29. Author's Abstract. 1970,

. Dinman, B. D., W, A. Cook, W. I, Whitchousc, li, J. Magnuson,
and T. Ditcheck. Occupational Acroostecolysis: 1. An
Epidemiological Study. Archives of Invironmental Health,
22, 61-73, 1971,

Cook, W. A., P. M. Giever, B. D. Dinman, and . J. Magnuson.
Occupational Acroosteolysis: II. An Industrial llygiene
study. Archives of Lnvironmental lealth, 22, 74-82. 1971.

Dodson, V. M., B. D. Dinman, ¥. M. Whitchousec, A. H. M. HNasr,
and #i. J. Magnuson. Occupational Acroostcolysis: TIII. A
clinical study. Archives of ILnvironmental lHealth, 22, 83-91.

1971.

Viola, P. L., A. Bigotti, and A. Caputo. Oncogenic responsc
of rat skin, lungs, and bones to vinyl chloride. Cancer
Resecarch, 31, 516-522, 1971.

American Conference of Governmontal Industrial Hyglenists,
Vvinyl chloride. Documentation of the Threshold Limit
value, Amcerican Conference of Governmental Industrial
Hygicenists, Third Edition, 1971,

Kramer, C. G., and J. E. Mutchler. The correlation of
clinical and cnvironmoental measurcements for workery

g exposed to vinyl chloride. Mmerican Industrial Hygience
Association Journal, 33(1), 19-20. 1971,

€89520 SBH

¥t -

i ot s gl e

gy ‘e

. | crdnEE PR
Srh L el




Meyerson, Lo B, and G, €. Medicer. Culancous losions in
F. acroosteolysis.  Arch Dermatol 106(2), 224-227.  Abstraocl

only. 1972,

Jithe, $., and C. BE. Lange. Long-toerm cxposure Lo vinyl
chlovide . Dt, Med, Wachr., 97, bnglish Abstract, 1972,

Basalacv, A. V., A. N, Vazin and ~, G, Rochethov,
Pathogenenis of changes developing due to long-Lerm
exposure to the effect of vinyl chloxide. GIG TR Prof
Zabol 16(2), 24-27. Abstract only. 1972,

Markowitz, 8. S., C. J. MNMchonald, V. Yethicere and I, 5.
Kerzner, Occupational acroosteolysis. Arch Dermatol
106(2), 219-223. Abstract only. 1972.

Jihe, 8., €. E. Lange, G, Stein, and G. Voltman, Ubcoy
dic sogenannte Vinylchlorid-Krankheit. Dtsch. med. Uschr.
98, 2034-2037. {(German with Inglish translation). 1973.

Levina, M. M., V. 8, Pilatova, L. G. Belava, 3. A, Ashiraova,
Y. P, Tikhomirov, A. L. Levin, R. 4. lostinskaya, and

B. E. Kuznetskii. llygienic certification of the building
projects development, and reconstruction of plants pro-
ducing organochlorine produclts. Gig. Sanit 1973 (4), 86-87.
Abstract only. 1973. ST

. Filatova, V. §., V. K. Vinogradova, and .. 5. Bashkirova,
lHygienic evaluation of worlking conditions in some chemical
plants opecrating in the open air. GI1G TR Prof Zabol 1973
(8), 8-11. Abstract only. 1973.

Marsteller, H, J., W. K, Lelbach, R. Mucllcer, §. Juche,
C. B. Lange, ll. G. Rohner, and G. Veltman. Chronic liver
damage in PVC production workers. German l‘edical Journal
98, 2311-2314. Fnglish Translation. 1973.

Sokol, W. M., Y. Aclony and G. M. Beall, HNeat Wrappers
asthma Journal of the American Medical Association 226(G6),

639-641. 1973.

Maltoni, C. Occupational Carcinogenis. Proceedings of the
Sccond International Symposium on Cancer Detccetion and
Prevention, Bologna, April 9-12, 1973. Ixcerpta NModica,
Ams terdam, 1974,

Maltoni, C. and G. Lofemine. The potential of the planncd
An example: vinyl chloride. Lincci-Rendiconte Dolla Classe

di Scicnce, Tesiche, Mathmatische Haturalo, 56, 1-11 with
English Translation, 1974,

T v e . -
Bo PN meke g s ok prrehs T N st x e T T LS L [YFSTEEEN - P - N .

experiment in the prediction of the risk of ambicent carcinogens.

£89520 S%®H




. Lange, C. E., §. Jithe, G. Stein and G. Vel tnan. Nie¢ Sogenante
Vinylchloride-Krankheit-cin herufsbedingte SHystoems Klerose?
Int. Arch. arbeitsmed 32, 1-32. 1974,

-y

Crecech, J. L. and M. ll. Johnson. Angiosarcoma of Liver ’ ‘
in the Manufacturc of Polyvinyl Chloride. Journal of
Occupational Medicine, 16(3), 150-151. 1974,

Tabershaw/Cooper Associates. Ipidemiological Study of Vinyl
Chloride workers. Final Report to Manufacturing Chemists
Association, May 3, 1974.

Keplinger, M. L., J. W, Goode, D. E, Goxdon and J. C. Calandra.
Interim results of exposurc of rats, hamsters and mice to vinyl
chloride. Annals of the Wew York Academy of Sciences

Working Group. Toxicity of Vinyl Chloride and Polyvinyl
Chloride, May 10-11, 1974 In Prcparation. 1974.

¥89520 S®H

sy
A :
W‘* gy o A ) SR Lm R b i et o Ak P —

i YRARTR: SR R e R A s 2k, R e N ,‘H. BRIt A - -




