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1 All - Baxter PJ
AD - Employment Medical Advisory Service, Baynards House, 1 Chepstow 

Place, London U2 ATE, England
TI - EPIDEMIOLOGICAL STUDIES OF PVC MANUFACTURERS AND FABRICATORS, AND 

PRIMARY ANGIOSARCOMA OF THE LIVER (MEETING ABSTRACT).
SI - CARC/76/03502
50 - Free R Soc Med; 69(A):297-299 1976
LA - ENG
AB - Prospective studies of polyvinyl chloride manufacturers and

fabricators and retrospec*ive studies of primary angiosarcoma of 
the liver are being set up in England to assess the risk of 
occupational exposure to vinvl chloride. These sTudies will also 
permit the Testing of hypotheses concerning The carcinogenicity 
of vinyl chloride in other areas of the body.

2 AU - Duck BW
AD - Occupational Health Unit, BP Research Centre, Sunbury on Thames, 

TU167LN, Enqland
TI - MEDICAL SURVEILLANCE OF VINYL CHLORIDE WORKERS (MEETING 

ABSTRACT).
51 - CARC/76/03A09
50 - Proc R Soc Med; A(69):307-309 1976
LA - ENG
AB - The progress of teams set up in Enqland to study workers exposed 

to vinyl chloride and polyvinyl chloride is reviewed. Although 
all The results are not yeT in, the low incidence of liver 
disorders in these workers does not seem to warrant the mass 
screening that was initially undertaken. With stringent 
environmental standards new in force, future efforts will 
concentrate on the evaluation of specific hypotheses.

3 AU Williamson KS
AD - ICI Ltd., Central Medical Group, Fulshau Hall, Wilmslow,

Cheshire, SK9 103, England
TI - REVIEW OF ANIMAL STUDIES (MEETING ABSTRACT).
51 - CARC/76/03A05
SO - Proc R Soc Ned; 69( A)'-201-283 1976
LA - ENG
AO - The author reviews several studies that have been conducted on 

animals exposed to vinvl chloride gas. It appears that the 
proportion of the dose retained and metabolised is greater 
following Small doses than large ones. The amount That is inhaled 
is eliminated in Three ways: unchanged from the lungs, in the 
carbon dioxide from the lungs, and by the excretion of 
metabolites in the urine. Although many studies are incomplete, ' 
There is substantial evidence To indicate That vinyl chloride is 
oncogenic.
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- Kobayashi Y
- Engineering Faculty, Yokohama Natl. Univ., Yokohama, Japan
- CASE STUDY OF VINYL CHLORIDE AS A CARCINOGEN.
- CARC/76/03379
- J Jpn Sac Saf Eng; 15(2):101-104 1975
- JPN
- Cases of hepatic angiosarcoma associated with vinyl chloride 

monomer (VCM) and various Facets of the VCM problem are 
summarirsd. VCM production in Japan began in the 1950's, and, in 
the United States, in the 1930's. In Jaoan, since 1975, 
recommended VCM concentrations in the factory atmosphere range 
from 2 to 5 ppm, and provisions have been made for adequaTe 
ventilation. Governmental surveys of 10 representative Japanese 
factories from 1979 to 1975 showed that 97.3/ of the work areas 
had atmospheric VCM concentrations of less than 3 ppm. Other 
factories had atmospheric VCM concentrations greater than 5-10 
ppm. One case of hepatic angiosarcoma was recently reported among 
retired Japanese factory workers. According to the National 
Institute of Occupational Safety and Health (NIOSH, United 
STates), 33 cases of hepatic angiosarcoma worldwide (United 
States, Canada, Europe) occurred since 1975 among workers exposed 
To VCM from A To 30 yr.

- Taylor KJ i Barrett JJ Williams DM ; Smith PM ; Duck BW
- Yale Univ. Sch, Medicine, New Haven, CT
- PRELIMINARY RESULTS OF GREY-SCALE ULTRASONOGRAPHY IN THE 

DETECTION OF VINYL CHLORIDE RELATED LIVER AND SPLEEN DISEASE 
(MEETING ABSTRACT).

- CARC/76/03376
- Proc R Soc Med; 69(A):292-295 1976
- ENG
- In an attempt To devise a method for mass examination of vinyl 

chloride-exposed workers, a pilot project was carried out with 
grey-scale ultrasonography, a technique that allows normal tissue 
parenchyma to be displayed. Results of Tests with 19 volunteers 
exposed To vinyl chloride suggest That This method is a 
complement to rather than a replacement for current Techniques.
Tfie main advantage is that it is a non invasive method of 
monitoring populations without exposinq them To Ionizing
radiation.

Falk )t ; Waxmeiler RJ
Center for Disease Control, United States Public Health Service, 
Dept. Health, Education, and Welfare, Atlanta, GA 30333 
EPIDEMIOLOGICAL STUDIES OF VINYL CHLORIDE HEALTH EFFECTS IN THE 
UNITED STATES (MEETING ABSTRACT).
CARC/76/03367
Proc R Soc (led; 69(9)1303-305 1976 
ENG
The high 
lndustry 
Surveys

incidence of heoatic 
in the United States 
the results of Three

angiosarcoma in the vinyl chloride 
has prempTed a large number of 
of These are examined. A review of
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death certificates indicated that angiosarcoma comprised 357. of 
all hepatic sarcomas between 1966-1973; there was also a 2:1 
male:female ratio, suggesting that occupational exposure was 
important in the etiology. A study of polyvinyl chloride workers 
and controls showed no significant differences between the groups 
in six liver function tests but these tests are not totally 
reliable for vinyl chloride-induced disease. In the third studyi 
12 lung cancer cases were identified in vinyl chloride-exposed 
workers i but the correlation was not as close here as it was with 
hepatic angiosarcoma.

7 AU - Hills JP
A0 - Messenger, Lynch, Hills and Miller, Attorneys and Counselors at 

Law, Beltsville, MD 20705
TI - LEGAL DECISIONS AND OPINIONS IN POLLUTION CASES.
SI - CARC/76/02330
SO - Environ Sci Technol5 10(31:239-233 1976
LA - ENG
AS - A review is presented of the court histories of a number of legal 

actions involving the dumping of asbestos-containing waste into 
Lake Superior, the orders of the Environmental Protection Agency 
IEPA) to reduce the level of lead in gasoline and ban the 
pesticide aldrin/dieldrin, and the vinyl chloride standard set by 
the Secretary of Labor. The indications are that The courts, 
rather than demanding scientific proof when hearing scientific 
evidence, are in fact applying a more lenienT standard than the 
Traditional legal one: Is it more likely Than not That The 
proposition asserted is True? Thus, in the case of asbestos 
dumping, the court eventually Took action to require the 
manufacturing company concerned to dispose of the 
asbestos-containing waste in an alternative fashion, even though 
it found the possibility of risk to health from dumping To reside 
only in the realm of respectable medical opinion and not to be an 
established likelihood. However, because the actual risk To 
health could not be ascertained, it declined to take drastic or 
immediate action, but stipulated that The company be given a 
period of years in which to change its practices. Similarly, the 
U.S. Court of Appeals for The District of Columbia rejected an 
appeal of The EPA’s ban on nldrin/dieldrin which was based on the 
argument that there was no proof that The pesticide presented a 
haoard to human health, since the finding That The material was 
carcinogenic in several mouse strains could not be extrapolated 
to humans. The Court noted that certain proof was impossible to 
obtain, That the burden of proof recording The safety of The 
pestlclde rested with the manufacturer, and that a total ban was 
justified because the concept of threshold levels has no 
practical significance when carcinogens are involved. The courts 
seem To be coming to accept that when The risk of harm To large 
populations Is at stake, the risk might be very small, and vet 
j us 11fy ac tion.
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8 AU - Harnc/an DG
AD - Uadi cal Sch., Univ. Birmingham, Birmingham B15 2TJ, England 
TI - CHROMOSOME ABNORMALITIES AND FREDISF05ITI0N TOWARDS CANCER 

(MEETING ABSTRACT).
SI - CARC/76/02335
SO - Froe R Soc Mad! 69CI):41-43 1976 
LA - ENG

are important as predisposing factors for Tha initiation of 
malignancy, and may also ba important for Tha progression of 
tumors. Prgdl3posi11 On to malignancy is observed in patients with 
chromosome breakage syndromes such as Fanconi's anemia, in which 
breakage occurs at random, Bloom's svndrcme, in which there are 
frequent chromatid exchanges between identical loci on homologous 
chromosomes, and ataxia teiangiectasla, in which chromosomal 
rearrangements occur as the result of breakage throughout the 
karyotype but with particular frequency at locus 14ql3. Ataxia 
telangiectasia is characterised bv the appearance of clones of 
cytogenetically distinct lymphoid cells that have a rearrangement 
involving at least one chro.iosome no. 14. Mai i qnanc l es may arise 
from within pre-existing clones that already have proliferative 
advantages. Similar clones of lymphocytes with abnormal 
chromosomes have been reported in subjects exposed to ionizing 
radiations, and clones of abnormal fibroblasts have been observed 
both in patients with chromosome-breakage syi'idrcmss and in
apparently normal individuals. Furthermore, chromosome 
rearrangement , as opposed to chromosome breakage, is a 
characteristic of virus-cell interactions that frequently lead to 
cellular transformation, and chemical carcinogens may also induce 
chromosomal aberrations. Such aberrations have been shown in 
lymphocytes from workers exposed to "inyl chloride. Chromosomal 
damage, whether elicited bv chemical, physical, viral, or 
inherited genetic factor's, may predispose to malignancy, but the 
induction of damage does nor mean that malignancy will 
necessarily ensue.

9 AU - Noria DF J Ritchie S t Silver MO
AD - Central Hosp., Toronto, M5A 2S5 Canada
TI - ANGIOSARCOMA OF THE LIVER AFTER VINYL CHLORIDE EXPOSURE: REPORT 

OF A CASE AND REVIEW OF THE LITERATURE.
51 - CARC/76/02403
SO - Lab Invest; 34(3K346 1976
LA - ENG
AD - An OO-yr-oId man died of angiosarcoma of The liver--an extremely

uaccmmon primary' liver Tumor. Me had a br i e f 6-mo history, of 
diarrhea, ascites and edema, and died of hepatic failure. At 
autopsy, the li'mr showed a diffuse honeycombed appearance which 
is characteristic of These tumors. Histologically the patterns 
seen were sinusoidal, cavernous, papillary, and anaplastic types. 
In the areas of liver uninvolved by The Tumor, There was 
cirrhosis with marked per Is1nusoldal and portal fibrosis. For 50 
yesirs the man had been a sales manager in an automobile tire

( AB - The available evidence supports tha idea that chromosome changes
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manufac tur i nq plant where vinyl chloride monomer is polymerized 
into poly vinyl chloride. The apparent rarity of angiosarcoma in 
vinyl chloride workers is noted by the Tact that only 26 cases 
are reported from various parts of the werldi and as far as is 
known this is the only case from Canada. Vinyl chloride is a new 
industrial carcinogen and the reactor cleaners in the 
polymerization plant are at the highest risk. The other toxic 
effects and the literature are briefly reviewed.

Ward AN I Udnoon S ; Watkins J ! Walker AE ! Darke CS 
Haliamshire Hosp. Medical Sch., Sheffield S10 2RX. England 
IMMUNOLOGICAL MECHANISMS IN THE PATHOGENESIS OF VINYL CHLORIDE 
DISEASE.
ICDB/76/18263
Br Med JJ 116015)-936-933 1976 
ENG
To determine the etiology and pathogenesis of vinyl chloride (VC) 
diseasei immunological and immunochemical investigations 
performed on 58 workers from a VC polymerization plant shewed the 
presence of circulating immune complexes in 19 out of 23 patients 
with the disease and in 2 of 30 workers exposed to VC. The 
immunological data were reviewed in relation to the clinical 
picture of the disease and to the available evidence on the 
metabolism of VC. The results suggest that VC disease is an 
immune complex disorder and that the immune response is initiated 
by the adsorption of VC or a metabolite, presumably the dioxide, 
onto tissue or plasma protein, producing either a haptenic group 
or a conformational change within the protein molecule that 
escapes tolerance and stimulates B cell proliferalion,

Withey JR
Bureau Chemical Safety --5 t'lFocds‘'5)-1, Health Protection Branch, 
Ottawa, Canada
PHARMACODYNAMICS AND UPTAKE OF VINYL CHLORIDE MONOMER 
ADMINISTEREO BY VARIOUS ROUTES TO RATS.
CARC/76/00916
J Toxicol Environ Health! 1(3)1301-394 1976 
ENG
To assess the hazard presented by the oral ingestion of vinyl 
chloride monomer. rats that had been surgically prepared with an 
indwelling jugular cannula were dosed by intragesIric intubation 
with aqueous solutions containing up to 2.0 mg/ml vinyl chloride. 
Time-concentration curves were obtained from sequential samples 
of blood. The uptake of 'Mnvl chloride by this route was fpjnd to 
be extremely rapid! peak concentrariens were achieved less than 
10 min after admlnIstration of the dose. Elimination from the 
blood compartment appeared To be bI exponential. The distribution 
and elimination rates of vinyl chloride from the blood were also 
determined from The blood concentration data after the 
administration of an intravenous dose of aqueous or vegetable oil 
solution. Studies with the same animal model in a single 
restraint cage that allowed a ''head onlv'' exposure to 
concentrations of vinyl chloride up to 7.000 ppm in the gas phase
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have shown a similar" rapid uptake followed by a plateau blood 
concentration during several hours of exposure. On removal from 
the vinyl chloride atmosphere, blood levels fell raoidly to 
barely detectable concentrations after 2 hr. Thus subsequent 
monitoring would not be a reliable indicator of exposure. Uptake 
profiles after oral dosage were extremely variable.

- Rannug U ! Gothe R I Wachtmeister CA
- Wallenberg Lab.. Univ, Stockholm, S-109 05 Stockholm, Sweden
- THE MUTAGENICITY OF CHLOROETHYLENE OXIDE, CMLOSOACETALDEHYDE,

2-CHLOROETHANOL AND CHLOROACETIC ACID, CONCEIVABLE METABOLITES OF 
VINYL CHLORIDE.

- CARC/76/00697
- Chem Biol Interact; 12(3-9):251-263 1976
- ENG
- The ability of four conceivable metabolites of vinyl chloride - 

chiorcethylene oxide, chloroacetaldehvde, 2-chlorcethanol and 
chloroacetlc acid - to cause base-pair substitution directly in 
Salmonella typhimurium TA1535 was compared. The main comparison 
was performed at initial concentrations from 0.1-1.5 mM. In this 
region, however, a mutagenic effect was observed only with 
chloroethylene oxide and chioroacetaidenyde , the former being 
approximately 20 tin'es more effect ive than the aldehyde when 
compared on a molar basis. 2-Cnicroethanol and chloroacetic acid 
were also studied at higher concentrat i on (1 r,:M-l M), and a weak 
mutaqenic response was found with a 1 M 2-chlcroethanol solution. 
With chloroacetic acid no enhancement of the mutation frequency 
could be detected. Chloroethylene oxide was found to be 
approximately 950 times more effective as a mutagen than
chloroacetaldehyde when the comparison was based on exposure 
doses, defined as the time-dependent concentraticns of the 
compounds in the treatment solutions, integrated between the 
times of onset and termination of treatment. Similarly, 
chloroethylene oxide was 10,000-15,000 times more effective as a 
mutagen than ethylene oxide, used as a positive control. Although 
chloroethylene oxide might play a part in the oreviously reported 
mutagenicity of vinyl chloride, it is more likely that It is the 
active metabolite of major importance, as this substance has the 
most pronounced property of producing a high number of mutants at 
low doses without causing a toxic effect.

- Baxter PJ ; Fox AJ
- Employment Medical Advisory Service, 1 Chepstow Place, London W2 

9TF, England
- ANGIOSARCOMA OF THE LIVER IN P.V.C. FABRICATORS (LETTER TO 

EDITOR ).
■ CARC/76/00535
- Lancet; 1(7953)1295-296 1976
■ ENG
■ A preportional-mortal1Ty studv using death certificates for 

1970-1972 was undertaken to detect any recent change in The 
pattern of mortality That may have Occurred ascribable to vinyl 
chloride exposure. The only statistically significant excesses
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for the causes of death were stomach cancer and diseases of the 
urogenital system.

14 All - Dalderup LM I Freni SC ; Bras G i Bronckhorst FB
AD - Factory Inspectorate (DGA)i Voorburg, P.B. 69, Holland 
TI - ANGIOSARCOMA OF THE LIVER (LETTER TO EDITOR).
SI - CARC/76/0G530
SO - Lancet; 1(7953)1246 1976
LA - ENG
AB - Angiosarcoma of the liver in Holland was studied, particularly to 

determine on association with exposure To vinyl chloride. 
Twenty-seven patients were diagnosed as having angiosarcoma out 
of at least 40,000 necropsies since 1950. Of these, there were 
only eight definite (seven men) and one possible liver 
angiosarcoma. Although two cases were related to long-term 
arsenic or zinc chromate exposure, none of the 27 cases was 
associated with vinyl chloride exposure.

15 AU - Hussain S J OsTerman-Golkar 5
AD - Wallenberg Lab., Univ. Stockholm, S-104 05 Stockholm, Sweden 
TI - COMMENT ON THE MUTAGENIC EFFECTIVENESS OF VINYL CHLORIDE 

METABOLITES.
SI - CARC/76/C0527
SO - Cham Biol Interact! 12(3-41:265-267 1976 
LA - ENG
AB - In the region of low doses on dose-response curves, the mutagenic 

effeetiveness per unit dose, determined as the Time integral of 
concentration, uas found for several alkylating agents to be 
approximately proportional To The calculated rate of reaction at 
a certain low nucleophilic strength, n approximately equal To 2. 
This proportionality appears to be independent of the nature of 
the alkyl introduced, and for this reason The computed degree of 
alkylation at n equal to 2, and at a given Tissue dose, may be 
used tentatively to estimate genetic risk. The mutagenic 
effectiveness of chloroethylene oxide was found To be higher than 
the values obtained for Two standard compounds, ethylene oxide 
and methyl methanesulfonate.
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16 AU - Makk L ! Delmore F i Creech JL ; Ogden LL ; Fadell EH
AU - Songster CL i Clanton J ; Johnson MM ; Christopherson WM 
AD - Saint Anthony Hosp., Louisville, KY 40204
TI - CLINICAL AND MORPHOLOGICAL FEATURES OF HEPATIC ANGIOSARCOMA IN 

VINYL CHLORIDE WORKERS.
51 - CARC/76/00479
SO - Cancer; 37(11:149-163 1976
LA - ENG
AB - Fifteen male workers exposed to vinvl chloride developed

angiosarcoma of The liver. Thirteen died of disease and two are 
currently living for short periods after diagnosis. Their ages 
ranged from 36-58 yr and their exposure time ranged from 4-27.8 
yr. The most common presenting symptoms were fatigue, uelght 
loss, and abdominal pain. Hepatomegaly followed by splenomegaly 
were The most common physical findings. Biochemical profiles
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proved to be of little value in detection or diagnosis. Of eight 
patients autopsied. distant organ involvement was present in two 
casesi duodenal involvement in one, and direct extension of tumor 
to adjacent organs or tissues in four additional ones. The 
remainderi diagnosed by open liver biopsy, revealed no tumor 
extension. The gross features of the tumor3 were hemorrhagic 
necrosis i cystic degeneration, fibrosisi and apparent 
multicentricity. The histologic features were those of the 
typical angiosarcoma found in a variety of sites with a wide 
range of cellular differentiation. The histologic diagnosis was 
often impaired by the extensive tumor necrosis. Elsewhere in th> 
liver subcaosular fibrosis, a distinct type of portal fibrosis 
and endothelial cell hyperplasia with or without sinusoidal 
dilatation were noted.

- Bartsch H ; Nontesano R
- International Agency for Res. on Cancer, Unit Chemical 

Carcinogenesis, 150 cours Albert Thomas, 69008 Lyon, France
- MUTAGENIC AND CARCINOGENIC EFFECTS OF VINYL CHLORIDE.
- IC0B/77/15680
- Mutat Res; 32(3):93-113 1975
- ENG
- The carcinogenic and mutagenic effects of vinyl chloride (VC) are 

described. VC administered by inhalation is carcinogenic in rats, 
mice, and hamsters, producing angiosarcoma of the liver and other 
tissues in all three. In addition, in rats, VC induces tumors of 
the Zymbal glands and of the skin, nephroblastomas, hepatomas, 
and neuroblastomas. In mice, Tumors of The lung and skin are also 
observed. The mutagenic activity of VC has been demonstrated by 
an in vitro Technique utilising the reverse mutation system of 
Salmonella Typhimurium, in which the genetic indicator reverts to 
histidine prototrophy by single base-pair substitutions or by 
base-pair insertions or deletions. The carcinogenicity of VC in 
man and animals and its mutagenic action after metabolic 
conversion by microsomal enpymes from humans and rodents into 
electrophi1ic derivatives strengthen The relationship between 
mutagenesis and carelnogenesis, Despite The fact that there is no 
direct proof that chloroeThyiene oxide is The metabolite of VC 
primarily responsible for its bioloqical effects in vivo, The 
biological importance of this compound is stressed by
circumsTantlal evidence. The available data concerning the 
biological hazards of VC demonstrate that it is toxic, 
care 1 nogenic , and mutagenic in animals and man, (100 refs)

- Da Serres FJ
- Environmental Mutagenesis Branch, Natl. Inst. Environmental 

Health Sciences, P,0. Cox 1CC33, Research Triangle Park, NC 17709
- THE UTILITY OF SHORT-TERM TESTS FOR MUTAGENICITY IN THE 

TOXICOLOGICAL EVALUATION OF ENVIRONMENTAL AGENTS.
• IC0B/77/1S113
■ Mutat Res; 33(1 ):11-15 1975
- ENG
- Data from recent studies have demonstrated the utility of
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short-term tests for mutagenicity in the toxicological evaluation 
of numerous environmental chemicals. A correlation between 
carcinogenic and mutagenic activity has been found by using 
in-vitro Techniques for metabolic activation in combination with 
sensitive microbial assay systems for detecting genetic 
alterations and measuring inhibition of enqymes responsible for 
DNA repair in Salmonella Typnimurium, Escherichia coli and 
Bacillus subtilis. Generally! these assays have been able To 
distinguish between chemical carcinogens and noncarcinogenic 
structural analogs. Compounds which give positive mutagenicity 
results must be tested further for carcinogenicity. The combined 
use of these Three Tests, although they are not definitive, may 
serve as a method for prescreening chemicals in the development 
of a meaningful data base for benefit-risk evaluation. In 
short-term Tests Using Salmonella, many chemicals involved in 
occupational carcinoqenes1s , including vinyl chloride, bengidine,
4- ni trobiphenyl , and others, ha''e all been shown to be active. 
Therefore, such assays could be an efficient, qualitative means 
of testing and controlling The use of potentially hazardous 
industrial chemicals, (no rets)

- Muller G ; Norpoth K
- Institut fur Staublungenfcrschung und Arbeitsmedi~in, Universitat 

Munster, Munster, West German1'
- DETERMINATION OF TWO VINYL CHLORIDE METABOLITES IN URINE (MEETING 

ABSTRACT).
- CARC/77/02541
- Naturwissenschaften I 62(11) 1541 1975
- GER
- A ninhydrin-positivs compound was detected in the urine of female 

Wistar rats following the inhalation of vinyl chloride. The 
retention time of this compound corresponded To That of
5- carboxymethylcysteine. Thioaiacetlc acid was determined by 
capillary gas chromatography after its conversion to the dimethyl 
derivative. The findings indicate tile value of determining the 
urinary thiodiacetlc acid concentrat i on in vinyl chloride-evpcsed 
subjects. (4 refs)

- SchiiokoTer HW
- No affiliation given
- EFFECT OF AIR POLLUTANTS Oil HUMANS WITH SPECIAL REFERENCE TO 

ORGANIC COMPOUNDS (MEETING ABSTRACT).
- CARC/77/0C42S
- Lufthyq Si 1 i koseforsch ; 01218-220 1975
- GER
- General data on the biological and toxic effects of hydrocarbon 

air pollutants are reviewed. Polvc>'clic aromatic hydrocarbons , 
such as banco(a )pwrene , dibencanthracene, and bancofluoranthere, 
induce sarcoma or carcinoma in experI mental animals, deoendmq on 
the route of ad.n I n I s Tra 11 on , There is an increasing amount of 
evidence on the induction of angiosarcoma in workers exposed to 
vinyl chloride. (No refs)
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- Kilian OJ I Picciano DJ i Jacobson C3
- Dept. Industrial Hedicine and Biomedical Res., Dow Chemical 

U.S.A.I Texas Div.i Freeport> TX 77S41
- INDUSTRIAL MONITORING: A CYTOGENETIC APPROACH.
- CAHC/77/01118
- Ann NY Acad Soil 269:4-11 1975
- ENG
- The authors describe the use of cytogenetic monitoring to detect 

changes induced by occupational exposures to chemicals, 
particularly to vinyl chloride. During a 10-yr period, 43,044 
shorthand and conventional karyotypes of 1,639 production workers 
were studied by chromosome analysis correlated with a
stendardired medical history. Blood samples were drawn from each 
individual, slides were prepared, and a metaphase spread was 
located. The selected cells were photographed, the metaphase 
spread photographs were evaluated, and anomalous chromosomes were 
classified and tabulated according to the Type of structural 
aberration. Chromosomes were karyotyped to permit detection of 
aberrations such as small deletions, translocations, and 
pericentric inversions. Preliminary data from the cvtcqenetic 
analysis of blood samples from 121 vinyl chloride workers were 
compared with preemployment examination records from 75 
individuals who served as controls. The following three 
differences were seen: vinyl chloride workers showed less 
chromatid breakage, a greater frequency of dicentric chromosomes, 
and a lower percentage of abnormal cells Than the preemployment 
comparison group. IT is concluded that chromosome analysis is the 
procedure of choice for objective observation and measurement of 
possible insults To human genetic material and that the 
techniques described arc the best for the detection of genetic 
injury at a stage when corrective action can be Taken. (0 refs)

- International Agency for Research on Cancer
- EVALUATION OF CARCINOGENIC RISK OF CHEMICALS TO MAN. SOME 

ANTI-THYROID AND RELATED SU3STANCES, NITR0FURANS AND INDUSTRIAL 
CHEMICALS.

- ICDB/77/06701
- IARC Monogr; 7:326 1974
- ENG
- The carcinoqenic risk of some anti-Thyroid and related 

substances, nltrofurans, and industrial chemicals is discussed. 
The anti-thyroid and related substances consist of amitrole,
e thy lene th 1 cure a , me thyl th i ourac i 1 , prop'/1 th i ourac i 1 , 
thioacetarnide , thiouracil. Thiourea, and urethane. The 
nitrofuran3 include ‘
2-amino-5-f5-nitro-2-fury1J-l,3,4-thiadiazole ,
Trans-2 t(dime Thy 1 amino )methyllmino)-5-(2 - (5-nitro-2-fury1 )- 
viny1)-1,3,4-0xadlazole,
2-(2 -formy 1hydrazlno)-4-(5-nitro-2-fury 1 ) thiazole,
5-(morpho11 none thyl) - 3-£(5-niT r o fur fury 11dene )am1 no)-2- 
oxasolldinone , 5-nitro-2-fura 1dehyde semI carbazona , 
l-[(5-nltro furfury 1idene ) ami no)-2-ImIcazolidI none, and
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N- (4~( 5-ni tro-2-furyl )-2-thiaoolylj acetamide. The industrial 
chemicals consist of acetamide, bengene, diagomaThane, 
ortho-dichlorobenzene, par»-dichlorobenzene, ethyl 
methanesulfonate, methyl methanesul fonate . polychlorinated 
biphenyls, and vinyl chloride. trers)

23 AU - Funes-Carvi oto F Lambert B ; Lindsten J ; Ehrenberg L
AU - Natarajan AT ; 0s terman-Golkar S
AD - Dept. Clinical Genetics, Karolinska Hosp., Stockholm, Sweden 
TI - CHROMOSOME ABERRATIONS in workers exposed to vinyl chloride 

(LETTER TO EDITOR).
SI - CARC/77/00939
50 - Lancet; 1(7904)=459 1975
LA - ENG
A0 - Conventional lymphocyte cultures from seven workers

occupaticnally exposed to vinyl chloride and three non-exposed 
controls were given chromosomal analysis. The level of exposure 
to vinvl chloride had continuously decreased during the past 
years; at the time of the study, the air concentrafion was 20 To 
30 ppm. Of 566 control cells, 11 had chromosomal aberrations 
which were The result of previous diagnostic x-rays. Of the 
experimental cells, 9.52X were aberrant! this is statistically 
significant in comparison to the controls. The highest frequency 
of abnormal calls was in those subjecTs who had the shortest 
amount of exposure. (11 refs)

24 AU - Bartsch H ! Malaveille C ; Hontesano R
TI - THE PREDICTIVE VALUE OF TISSUE-MEDIATED MUTAGENICITY ASSAYS TO 

ASSESS THE CARCINOGENIC RISK OF CHEMICALS.
51 - CARC/77/00932
SO - Screeninq Tests in Chemical Careinogenesis Proceedings of a

workshoo organised by IARC and the Commission of the European 
Communities and held in Brussels, Belgium, 9-12 June 1975. 
Hontesano R, Bartsch H, Tomatis L, Davis W, ed.> Internetioral 
Agency for Research on Cancer. (Lyon, France)-, IARC SclenTific 
Publications No. 12, 1975.

LA - ENG
AB - The Salmonella microsome system was used to assess the in vitro 

Salmonella mutagenicity assay for predicting possible 
Carcinogenic effects of chemicals, to compare the capacity of 
different tissues and different species to convert chemical 
substances into mutagens, and, in particular, To investigate the 
metabolic activation of nltrosamines and chlorinated olefimc 
hydrocarbons . The mutagenicity of a series of cyclic nitrespmines 
in S Typhlmurium strain TA 1530 was similar in liquid suspension 
and in soft agar, but discrepancIes arose when a series of 
dialky IniTrosamInes (of the form (CnH2 nf'l'J'ER N-NO) with 
different chain lengths were considered. The dI a Iky Initrosamines 
wiTh n > 3 did not show an enqyme-medlated response in the liquid 
incubation system, and in the soft agar metabolically activated 
dime thylnltrosamlne and diethvlnitrosamine exhibited negligible 
mutagenic activity. These findings reflect false negatives from 
bo rh systems, perhaps brought about by the deter I oration of
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microsomal enzymes by lipid perox i dal i on in the liquid system and 
by the trapping of short-lived alkylating molecular species by 
nucleophilic components of the agar. When the mutagenicity of a 
series of prcpylated nitrosamine derivatives was sTudied with 
microsomes from hamster and rat tissues, there was not a good 
correlation between tissue-specific activation to mutagenic 
intermediates and the Known susceptibility of different tissues 
to carcinogenesis. A better correlation was seen when the 
activation to mutagenic metabolites of vinyl chloride by 
microsomes derived from rat and mouse liver. Kidney, and lung 
tissues was studied. The major enzymic activities were located in 
both liver and Kidney, sites where angiosarcoma and 
nephroblastoma are induced in animals exposed to vinyl chloride. 
No tissues studied exhibited a higher enzymic capacity than the 
liver to bring about the production of mutagenic mefabolifies. 
Microsomes from human livers were capable of generating mutagenic 
metabolites from N-nitrosomorpholine and vinyl chloride. Some 
aspects of the metabolism of chlorinated olafinic hydrocarbons 
are discussed further. (56 refs)

- Makk L I Delorme F I Creech JL
- St. Anthony llosp.. Louisville, KY
- HEPATIC ANGIOSARCOMA IN WORKERS FOLLOWING CHRONIC EXPOSURE TO 

VINYL CHLORIDE. EPIDEMIOLOGY AND RESEARCH PROGRAM IN WORKERS.
- CARC/77/00503
- Union Med Can; 106(12)11833-1035 1975
- FRE
- Several cases of hepatic angiosarcoma were found in two factories 

(one in Louisville, Kentucky, and one in Quebec. Canada), 
involved in the production of polyvinyl chloride from vinyl 
chloride. As a result, a survey was made of all 1103 employees of 
the Kentucky plant to detect other' cases of angiosarcoma and to 
find early signs of benign li'rar damage. Three new cases were 
found in throe men, aged 36-53, who had been exposed to the 
compounds for a period ranqing from 6 yr to 27 yr, 10 mo. They 
survived from 2 to 22 mo after the appearance of the first 
symptoms. Although no test Is specific for angiosarcoma of the 
liver, abnormalities in tests for hepatic function may be 
directly proportional to the extent of the lesions.

- Horbach L ; Koller S ", Loskant H
- Instifut fur Medicinische StatistiK und Dokumentation,

Uiivsrsltat Erlangen-Nurnberg, 0520 Erlangen, Waldstrasse 6, West 
Germany
ANALYSIS OF CANCER MORTALITY FROM 1950 TO 1963 IN LARGE 
PREDOMINANTLY CHEMICAL INDUSTRIAL PLANTS WITH RESPECT TO 
INDUSTRIAL EXPOSURE.
CARC/77/03313
ZenTralbl Arbeltsmed; 25(0)1225-261 1975 
GER
A comprehensive retrospective survey of cancer mortality in 10 
large industrial facilities during 1950-1960 is discussed. Three 
chemical plants, a pharmaceutI cal house, a large automobile
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factoryi Three rubber plants, and two petroleum refineries ware 
canvassed. Datailed data from quesTionnaires, medical reports* 
etc.* about exposures * work habits* and type of cancer ware 
matched with exhaustive classifications of chemical compounds. 
Mortality for the period included 9,495 men. The incidence of 
oropharyngeal carcinoma was higher and that of esophageal and 
gastric cancer lower than in the general population. Colon and 
rectal carcinomas, especially in nonexposed groups* were much 
higher than expected. Despite vinyl chloride exposure in the 
sample population* the occurrence of portal and biliary cancer 
was less than expected. Pancreatic tumors were also elevated. 
Striking increases in both urinary tract and respiratory cancer 
were established; bronchopulmonary involvement was especially 
high in workers exposed to both organic and inorganic chemicals. 
Skin cancer was slightly higher than expected. The incidences of 
cancer of the bone* connective tissue* endocrine glands, and 
prostate were similar to general population rates.
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- Muller R ; Bechtelsheimer H ; Gedigk P I Marsteller HJ
- Laibach HK
- Pathoioglsches Institut dor Uni versltat, D-5300 Bonn-Venusberg, 

Wes t Germanv
- MORPHOLOGICAL CHANGES OF THE LIVER AFTER CHRONIC VINYL CHLORIDE 

INTOXICATION.
- CARC/77/00299
- Leber Magen Darm; 5(5) = 209-203 1975
- GER
- The liver histcpathology of 50 workers exposed to vinyl chloride 

was examined from biopsv material. Three of the probands 
presented with polycentric hemangioencothelial sarcoma extending 
along the ectatlc sinusoids into the parenchyma, In border areas 
a Transition between prolI forating atypical sinusoid cells and 
Tun'Or colls was apparent* Typical of the ang i osarcomas resorted 
after chronic arsenic and Thorium dioxide exposure. Septal 
fibrosis of the portal fields and col1aqenization of sinusoid 
walls* chainlike proliferation of sinusoid endothelial cells with 
nuclear" polymorphism, hepatoevtic hyperplasia with nuclear 
polyploidy, and focal adaptation of the hepatocytic cytcolasm 
(with hyperplasia of the smooth endoplasmic reticulum) To 
hydrcoic swelling, fat vacuolization, and cell necrosis were 
signs of generalized hep.a to toxi c i f y. Ilepatccytic hyperplasia was 
most pronounced in the areas of the reactive sinusoid endothelium 
arid at turgor interfaces.
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Marsteller HJ ; Lelbach WK ! Muller R I Gedick P ; Lange Cc 
Mediztmsche lAi i vers i f a t ski i n I k , D-5300 Oonn-Venusberg, West 
Germany
LIVER DIGEAGE IN POLYVINYL CHLORIDE PRODUCTION WORKERS—CLINICAL 
AND LAPAROSCOPIC ASPECTS.
CAPC/77/C0293
Leber Magen Darm; 5(5) = 196-202 1975 
GER
Clinical and hisTopathological findings in suspected
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occupat i onal 1>/ induced 1 i V'ar and spleen disease among 44 workers 
engaged in vinyl chloride polymerization are presented. Palpable 
hepatomegaly and splenomegalv were found in 28 and 16 patient3i 
respectively. A considerable 05P retention! low grade 
hyperbi 1 irubinenii a i and transient elevation in SCOT! SGPTi and 
alkaline phosphatase were the only remarkable biochemical 
variables. The majority had pronounced Thrombocytopenia. with 
platelet dysfunction. Hepatic fibrosis with encapsulated 
vasculariration wa3 conspicuous in 35 probands; a nodular liver 
surface and portal hypertension were also present. Liver 
hi stopathology was not conspicuous. Adaptive hepatocyte 
focaliration, nuclear polymorphism and polyploidy> septal 
fibrosisi focal collageniration of sinusoid wallsi and sinusoid 
endothelial proliferatlon and atypla were identified. Ho 
angiosarcomatous areas were found in laparotomies of the patients 
with noncirrhotic portal fibrosis after vinyl chloride exposures 
ranging between 9 mo and 21-3/4 yr.

29 AU - Rademacher P
AD - Organisch-Chemischcs Instituti Ueiversitat Munsteri Munster( West 

Germany
TI - CHEMICAL CARCINOGENS.
SI - C/.RC/76/04467
SO - Chemie in unserer Za i t i 9(3/ .‘79-84 1975
LA - GER
AB - The roster of known chemical carcinogens! demonstrations of their 

properties! and their mechanistic development in host cells are 
reviewed with special attention to occupational exposure. If 90'/. 
of all cancers result exogenously. then 60/ are attributed to 
chemical hazards; ce.nc-^r mortality is 25/ higher among chemists 
than the qeneral population. The conventional biphasic schedule 
of cell Trans format 1 on is adopted. During an initial phase of 
chemical attacki a normal cell becomes precancerous! during a 
subsequent promotional phase, cocarcinogens shift the atypical 
cell into the malignant state. Experimental evidence fitting 
various chemical carcinogens into this scheme is cited. Inorganic 
compoundsi aromatic hydrocarbons and their N, 0, and S analogs, 
aromatic amines i nltro and aco compounds! aliphatic hydrazines, 
aco and azoxy compounds! N-nitroso compounds , alkvlatinq agentsi 
naturally occurring products (especially bacterial* fungal, or 
faunal metabolic products)! and routine laboratory reagents are 
implicated. Dased on the recent vinyl chloride eplsodei maximum 
allowable occupational concentrations are discussed in connection 
with insIrumentat1 on and procedures designed to minimize 
vulnerabi1ity to carcinogenic hazards.
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Englund A ; Holmberg B 
Landsorgani sat i onen , Sweden
OCCUPATIONAL CANCER DISCUSSED AT NEW YORK CONFERENCE. 
ICDB/75/05500
Lakartidningen; 72( 33 ): 3437-3433 1975 
SWE
The proceedings of a conference on occupational cancer organised 
by the New YorK Academy of Sciences in cooperation with National 
Cancer Institute and NIOSH (held on March 24-27, 1975. New York) 
are reviewed. Increased incidence of lung cancer was found among 
workers exposed to verv small glass-fibers in glass-fiber 
manufacturing plants. A suspected relationship between asbestos 
exposure and cancer of the larynx was verified. Increased 
incidence of skin and lung cancer was found among workers exposed 
to ehloroprene (Neoprene), Vinyl chloride, trichlorobenzene. and 
benzoyl chloride were found to be carcinoaens. Increased 
incidence of lung and kidney cancer was observed among coke oven 
operators. The high time requirements and the high expenses 
involved in carcinogenicity testing, and the correlation existing 
between carcinogenic and mutagenic properties justifies 
short-term mutagenicity tests for screening for carcinogenic 
substances. Because of the many factors involved in the 
carcinogenic response, a pero exposure to carcinogenic substances 
is recommended.

Carter RL ! Roe FJ
Inst. Cancer Res.. Royal Cancer Hosp.. London, England 
CHEMICAL CARCINOGENS IN INDUSTRY.
CARC/76/03623
J Soc Occup Med; 25(3)186-94 1975 
ENG
Occupational hygiene programs and industrial plant designs must 
be improved to reduce the hazards of known industrial 
carcinogens. Polycyclic aromatic hydrocarbons, specifically, 
mineral oils and coal gas, have been linked with scrotal and skin 
cancers in industrial workers. A more refined cutting oil may 
reduce the risk of scrotal cancer. The incidence of deaths from 
lung cancer in England was found to be almost double the normal 
rate for workers exposed to coal and tar gas. An enhanced risk 
for bladder cancer was noted in workers exposed to benzidine, 
b-naphthylamine , and a-naphthy1 amlna. The incidence was 
dose-related, with the highest rate in workers who distilled 
b-naphthylamine. Exposure to the alkylating agent mustard gas was 
associated with a marked increase in deaths from respiratory 
tract carcinoma in Japanese workers. Bis(chlorcmethvl )eth3r 
(BCME) exposure for 6 to 9 yr in 63 production workers 131-65 yr) 
was followed by lung cancer in 3/60; 5 tumors were oat-cell 
carcinoma. An Increased incidence of hepatic angiosarcona was 
noted for workers involved in polymer IzIng vinyl chloride to 
polylvmyl chloride) (PVC); there was also an excess of neoplasms 
of the biliary system, lung, and brain in vinyl chlcrioe workers 
who died before age 60. An increased risk for respiratory cancer
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has been established in worker's involved in mining or milling 
asbesTos products! the basis for carcinogenicity is still 
uncertain, but studies indicate that there may be an optimal sire 
of the fiber for carcinogenic activity. Computerized industrial 
epidemiology may help to determine cancers of occupational origin 
that have bean overlooked and help to protect Workers from known 
hazards.

32 AU - Hublet P
AD - Ecole de Sante publique de la Faculte de medecine, Universite 

libre de Bruxelles, rue Belliard 100, 1040 Brussels, Belgium
TI - INDUSTRIAL HAZARDS DUE TO VINYL CHLORIDE.
SI - CARC/76/02931
50 - Arch Belg tied Soc! 33(2):73-39 1975
LA - FRE
AB - Various aspects of vinyl chloride are reviewed! its physical end 

chemical properties, methods of synthesis, means of 
i dentificati on , uses, evidence of toxic effects, and industrial 
risks due to exposure. Because of its toxicity, greater efforts 
should be made to reduce the concentrat1 on in factory air, and 
workers exposed to the chemical should be examined often. Here 
detailed studies of vinyl chloride and other toxic chemicals 
should be undertaken.

33 AU - Delorme F ! Makk L
AD - Centre hospitaller regional de la Mauricie, C.P. 1130,

Shawinigan-5ud, Ouebac, Canada
TI - HEPATIC"ANGIOSARCOMA IN WORKERS FOLLOWING CHRONIC EXPOSURE TO 

VINYL CHLORIDE. NCRPHOLOGICAL DESCRIPTION OF THE LESIONS.
51 - CARC/76/02914
SO - Union tied Can! 104< 12 ): 1036-1044 197S
LA - FRE
AB - The histoloqical cnaracteristics of liver angiosarcomas (2 

metastases) in 13 men (36 to S3 yr; mean age 46.7) who had 
prolonged exposure to vinyl chloride (4 yr to 27 \r 10 mo! mean 
time 17 yr 4 mo) are presented. Various benign lesions were noted 
not only in the angiosarcoma cases but also in noncancerous cases 
who also had prolonged exposure. Many of the per Is1nusoidal 
cells of The angiosarcomas resembled, with Their elongated 
nuclei , the small mesynchymatous cells of the benign tumors. The 
angiosarcomas had different forms: sinusoidal, sarcomatous, 
nodulopap 11 lary, and cavernous. These cancer's are generally 
preceded by The appearance of Ten benign lesions induced by the 
vinyl chloride. They appear simultaneously in many places and 
apparently arc multifocal. The numerous nodules are not 
Intraparenchymal metastases from a primary tumor but are 
themselves primary tumors.
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Ravier E > Qiter JM ; PislaT J
Societe des Usines chimiques Rhone-Poulenc, Usine da Rousillon 
33i Roussillon, Franca
A CASE OF LIVER ANGIOSARCOMA IN A M0RKER EXPOSED TO MONOMERIC
VINYL CHLORIDE. J]
CARC/76/02906
Arch Mai Prof, 36(31:171-177 1975 (/>
FRE
Tha authors present tha case history of 93-yr-old man with ^
prolonged industrial exposure to monomeric vinyl chloride uho uas qj 
admitted to the hospital for acute abdominal bleeding. The right “j
hepatic lebe ua3 excised; a hemangloendotheliosarcoma of the 
liver was hi stopathologically diagnosed. Tha patient died
following surgery. The cancer was probably the result of exposure 
to the carcinogen.

Ouport J J Andlauer P ; Gattelet M ; Chalabreysse J I Arcnimbaud M 
Teulon F ; Bertrand R
Centre de Racherches de 1'I.H.R.S., B.P. 27, 59500 
Vandoauvre-les-Nancy, France
OCCUPATIONAL DISEASES IN CONNECTION NITH THE MANUFACTURE OF 
PLASTIC BOTTLES FROM POLYVINYL CHLCRI0E.
CARC/76/02999
Arch Mai Prof; 36(9-51:225-291 1975 
FRE
Because of an outbreak of eczema, the blood and urine frem 
workers in a factory that manufactures plastic bottles from vinyl 
chloride ware examined. The chemical pollutants of the 
surrounding area, all industrial chemicals and cleansing 
solvents, and the heat decomposition of the polyvinvl chloride 
(PVC1 bottles were studied. Over a 6-mo period, 677 blood samples 
from 159 workers revealed depressed levels of RBC and polynuclear 
neutrophils, elevated levels of NBC, and variable levels of 
polynuclear eosinophils. It is concluded that the manufacture of 
vinyl chloride bottles causes dermatitis and hematological 
abnormalities charac*erized by leukocytosis with relative 
lymphocytosis. Analysis of the air by qas phase chromatoq-aphy 
and mass spectrometry revealed only slight traces of aromatic 
hydrocarbons. No aromatic hydrocarbons were found in the 
cleansing solvents. Industrial forms of PVC began to decompose 
slowly between 215 and 220 C; benzene was one of the byproducts 
of decomposition. Because this temperature is reached for short 
periods only and because decomposition is slow, It is unlikely 
that It is a major factor. Neither benzene nor phenol ware found 
in the blood or urine, respec f i v.jiy. There were significant 
levels of hlppuric acid, a possible metabolite of organic toxins, 
in the urine. Since none of these compounds was considered the 
cause of the dermatitis or namatoioqlcal abnormalities, 
a-pheny1indole , the only compound detected in high concentrations 
in the air, will be studied.
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36 AU - Ott MG ; langner RR ; Holder B3
AO - Dow Chemical Co., Corporate Medical Dept., 2030 Dow Center, 

Micland, Mich. 48640
TI - VINYL CHLORIDE EXPOSURE IN A CONTROLLED INDUSTRIAL ENVIRONMENT: A 

LONG-TERM MORTALITY EXPERIENCE IN 594 EMPLOYEES 
SI - CARC/75/01145
SO - Arch Environ Health; 30(7>:333-339 1975 
LA - ENG
AB - The relation between tumor incidence and the highest levels of 

vinyl chloride exposure was examined. Measurements of the work 
environment began in 1950 by collecting breathing zone samples on 
silica gal and measuring chlorides by the Volhard method to 
calculate vinyl chloride. More recently, a combination of gas 
chromatography and mass spectrometry has been used to identify 
airborne material. The study population included production 
employees who worked between 1942 and 1960 in areas of potential 
vinyl chloride exposure. Each job was classified according to 
time-weighted average (TWA) concentration of vinyl chloride for 
an eight-hr day. The high level concentration was defined as 
over 200 ppm vinyl chloride, and the low level was below 25 ppm. 
observed deaths among vinyl chloride workers were 91X of the 
expected deaths based on the U.S white male population. 
Distribution of malignant neoplasms suggests a possible 
dose-response relationship, since nine of 13 malignancies were 
observed in the high exposure group. The Chi 2 comparison of The 
distribution of malignancy deaths between high and all other 
exposure groups was significant (P is less than 0.01). No 
adverse malignancy effects are demonstrated in the lower exposure 
categories.
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Nisbet IC
No Affiliation Given 
THE COSTS OF CANCER.
CARC/76/00515
Techno1 Rev; 78(3):0-9 1975 
ENG
Social and economic problems arising when a cancer-causing 
substance is identified are discussed, with particular emphasis 
on The case of vinyl chloride. Prior To the discovery of its 
hazards, an estimated 100 million pounds a year were lost To The 
environment during manufacture and a further 40-50 million pounds 
were released through deliberate dispersive uses. Although the 
most hazardous of these uses —as a prooeliant in spray cans—was 
banned in 1974, and although attempts are being made to reduce 
manoracturinq losses, human exposure continues. The most serious 
problem is that trace quantities of uncolymerI zed vinyl chloride 
are found In polyvinyl chloride. Both nonoccuoatI one 1 and 
occupational exposure can be hazardous. Although federal law 
requires strict regulation of occupational exposure To 
carcinogens, The proposed standard for vinyl chloride offers 
little or no assurance of safety.
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- Chabalko JJ ; Fraumeni JF
- NilT1. Cancer Ins t. , Bethesda, Md. 20014
- BLOOD-VESSEL NEOPLASMS IN CHILDREN: EPIDEMIOLOGIC ASPECTS.
- CARC/75/05748
- Mad Pediatr Oncol; 1(E) .‘135-141 1975
- ENG
- In a search for eTfologic leads To blood-vessel neoplasms. Ill 

death certificates of U.S children who died between 1960 and 1968 
of angiosarcoma. hemangioendothelioma, and hemangiopericytoma and 
127 medical records of similar cases from 12 institutes were 
examined. The available data provided no leads to environmental 
agenTs ( vinyl chloride . thorotrast . arsenic ) that can produce 
vascular liver Tumors in adults, however.one infant, who died 
from a hepatic Tumor, lived within a mile of an industrial source 
of polyvinyl chloride . About half of the children with hepatic 
hemangicendotheliomas had associated skin hemangiomas, which may 
aid in the differential diagnosis of liver tumors in infancy. 
Hepatic hemangioendotheliomas also predominated in girls, a 
possible clue to the origin of the tumor. A familial influence 
was suggested by one sibling aggregation of cutaneous
hemangloendotheliomas.

- Schmidt AM
- No affiliation given
- VINYL CHLORIDE POLYMERS IN CONTACT WITH FOOD.
- CARC/75/05081
- Fed Regist; 40C171):40529-40537 1975
- ENG
- Proposed regulations restricting the uses of vinyl chloride (VC) 

polymers in contact with food, as suggested by the Food and Drug 
Administration, are reviewed. In general, the proposal permits 
the continued use of VC polymers in food packaging when the 
migration potential of VC is diminished, includes an interim 
regulation for the use of water pipes made from VC polymers, and 
prohibits all other use of VC polymers in food-contact articles. 
The chemical structure and properties of CC and VC homopolvmers 
and copolymers are described. Earlier studies have indicated 
that polyvins'l chloride (FVC) is insoluble in various solvent 
systems used to simulate food. However, later migration studies 
have repealed residual VC from PVC bottles in distilled spirits 
and wines. No animal feeding studies have established a safe 
level of consumption when VC is extracted frcm containers into 
food. The existence of residual VC m articles made from VC 
polymers has been found to be related to the manufacturing 
process and the physical structure of The polymers! a model 1 
explaining The VC migration phenomenon is presented. Viewed .as a 
simple diffusion phenomenon, evperimenTal data indicate That 
while no VC is extractable from packaging materials, the greatest 
likelihood for migration of VC appears to be from PVC articles 
intended for one-time use. Honever, There is little likelihood 
that residual VC from PVC water pipes will become a component of 
potable water. Considerable data exist concerning the toxic
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effects of VC from atmospheric exposuresi especially by 
inhalation and occupational contact; it is also suggested that VC 
is carcinogenic when ingested. Although a variety of uses of VC 
polymers in food-contact articles was previously approved, it is 
now suggested that widespread use be prohibited. It is concluded 
that no migration of VC from thin plasticized film is expected, 
nor is any migration expected from jar and bottle cap liners and 
gaskets. No residual VC reported in beer and soft drink can 
linings, but VC polymers used as coatings for fresh citrus fruits 
present the possibility of ingestion. Data also indicate that 
rigid and semirigid PVC articles intended to contact food may 
transmit VC To The food they contact. Proposed federal 
regulations and amendments are presented.
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Janerich DT i Lawrence CE
Cancer Control Bureau, New York State Dept. Health, New York, N.Y 
EPIDEMIOLOGICAL STRATEGIES FOR IDENTIFYING CARCINOGENS. 
CARC/75/0',333
MutaT Re3I 33(l):55-63 197S 
ENG
Two situations in which epidemiologic studies were used to 
identify carcinogens are reviewed and efforts To use New York 
State Cancer Control Bureau data for systematic surveillance of 
reported cancer incidence are discussed. The association between 
diethylstilbestrol and vaginal cancer in young women and between 
vinyl chloride and angiosarcoma of The liver was confirmed by 
epidemiological evidence, although in both cases The association 
was initially suggested by clinical observations. In the case of 
diethylstilbestrol , epidemiologic studies indicated the limits of 
the risk associated with intrauterine exposure! IT is suggested 
That age limits will be identified for the carcinogenic potential 
of intrauterine exposure to dlethylsTilbesTroi, Just as 
intrauterine exposure To X-rays causes an increased risk of 
leukemia only during the first decade of life. In the case of 
vinyl chloride, its connection with angiosarcoma of the liver was 
first based on clinical observations and the rare nature of the 
disorder. Both of these situations indicate that present methods 
of detection are crude, and that a large number of people are 
exposed to chemicals before Their carcinogenic potential is 
recognized. Preliminary efforts to develop a systematic cancer 
monitoring methodology in New York StaTe involved analysis of 
cancer data from three anatomical sites: colon, pancreas, and 
gall bladder. These efforts yielded one instance in which an 
Unquestionably high cancer incidence was suggestive 0f sows 
envlronmenTal etiological agent. In two years, a single county 
showed unusual rates of pancreatic cancer. However, preliminary 
investigation showed no obvious environmental exposure associated 
with the cluster, and in subsequent years the incidence rate 
returned to within expected limits. Two alternatives in devising 
an ep i cemi oloql cal strategy are considered-' the cohort study and 
the case history study. The case history study sometimes runs 
the risk of failing To detect a disease risk when cne is actually 
present. Even when a properly structured cohort study is done,
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it is only as precise as the sample size used in the study. It 
is conciudedi however, that opidemiologic studies together with 
laboratory and clinical disciplines! can produce a reasonable 
degree of assurance about the absolute limits of the risk 
associated with the use of suspected environmental hazards.

- Suaffield L
- no affiliation given
- ANOTHER CARCINOGEN?
- ICDB/75/07335
- Nature (Lond ); 253(5532)1190 1975
- ENG
- Trichloroethylene, used as a degreaser and chemically similar to 

vinyl chloride monomer (VCN). is in-plicated as a Carcinogen.

- Spirtas R i Mctlichael AJ ; Gamble J ; Van Ert H
- Occupational Health Studies Group. Univ, North Carolina. Chapel 

Hill, N.C.
- THE ASSOCIATION OF VINYL CHLORIDE EXPOSURES WITH MORBIDITY 

SYMPTOMS.
- CARC/75/03051
- Am Ind Hyg Assoc J‘. 36( 10): 779-739 1975
- ENG
- A population of vinyl chloride (VC) polymerization and rubber 

workers were questioned about job-related illness. Of the 
workers responding to a mail questionnaire. 200 were current VC 
Workers and 39 were current workers in the rubber industry. The 
individual Jobs were grouped according to VC exposure (i.e high, 
low, and essentially no exposure to VC). As the symptoms under 
consideration were all transitory and reversible, an acute 
effects modal was employed. Thus, the job was treated as the 
unit of observation. For the 255 high-exposure group jobs, 37/ 
reported symptoms of dizziness or light-headedness at least once; 
12/ of the low-exposure group experienced such symptoms. Ten 
percent of the rubber workers reported these symptoms. Using a 
series of statistical analyses, the differential exposures to VC 
among the three study groups accounted for only one of the many 
possible hacards. A clear dose-response relationship indicated 
with the symptoms of dizziness, nausea, headache, 'pins and 
needles', and general fatigue. There were also some indications 
of a dose-response To fainting and eye, nose or throat 
irritation. It thus appears That a dose-response relationship 
exists between certain acute predominantly neurological symptoms 
and vinyl chloride exposure.

Bartsch H ; Malaveille C ; Montesano R 
Inf. Agency Res. Cancer. Lyons. France
HUMAN, PAT AND MOUSE-LIVER MEDIATED MUTAGENICITY OF VINYL 
CHLORIDE IN S. TYPHIMURIUM STRAINS.
CARC/75/00663
Int J Cancer; I5(3 ):A29-A37 1975 
ENG
The mutagenicity of vinyl c'nlorid^ monomer IVCM) and its presumed
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msTabolites in Salmonella typhimurium sTrains os mediated by 
Tissue fractions of mouse, rat. and human origin were studied.
The male BD-IV rats (100-130 g) and male OF-1 mica (30-35 g) used 
were fed a Charles River CRF diet. After six hours of exocsure 
to 20V. VCM in air (vol/'*ol) strain TA 1530 was specifically 
reverted to ilis prototrophy, This mutagenic response was 
increased To 233k of the control value by mouse liver 
pos Tm i Tochondr i al fraction (9.000 x g supernatant ) I to 345k of 
the control by rat liver postmitochondrial fraction! and from 
270-7001.' of the control value by four samples of this fraction 
from four biopsies of human livers. Phencbarbitone sodium (PS) 
was added to the animals1 drinking wate- (1 mg/ml) for seven days 
before tissue fractionation in some experiments. This treatment 
increased the above mutagenic response To 457k for mouse liver 
fractions and To 333k for rat liver fractions. No cytotoxic 
effects of VCM were seen, Chloroacetic acid (a urinary 
metabolite of VCM) and chloroacetaldehyde were Toxic, while 
chioroethanol was weakly mutagenic for TA 1530. The effects of 
subcellular fractions from mouse liver on the mutagenic response 
after six hours of exposure to 20X VCM at 37 C were".
PCStmitochondrial fraction, 323k of control ! microsomal fraction, 
lC2k; cytosol (supernatant after 100,000 x g) 144kt and 
microsomal fraction plus cytosol. 522k of control. The number of 
His + revertants minus the number of spontaneous mutations found 
when no tissue fraction was added was used as the control value.
A casual relationship between VCM exposure and angiosarcoma of 
the liver in man has been established.

44 AU - Nicholson WJ I Hammond EC ; Seidman H ; Selikoff 1J
AO - Mt. Sinai Sch. Med., City Univ, New York, N.Y.
TI - MORTALITY EXPERIENCE OF A COHORT OF VINYL CHLORIDE-POLYVINYL

CHLORIDE WORKERS.
SI - CARC/75/00597
SO - Ann NY Acad Sci ! 246:225-230 1975
LA - ENG
AB - The medical histories and current health status were obtained 

from 255 of 257 Goodyear Tire and Rubber Company employees who 
had been exposed to polyvinyl chloride (PVC) and vinyl chloride 
(VC) for a minimum of five yr subsequent to 1946. Observation 
beqan ten yr aftei' the onset of exposure. The individuals worked 
in PVC production majority, maintenance, shipping, and in the 
laboratory. These workers may often ha''e been exposed to peak VC 
concentra t i ons evceedlnq 1.000 ppm. 0>'er 50'/. of the employees
were under aqe 37 as they entered the cohort. Twenty-four 
individuals were deceased and Three of these deaths were due to 
liver hemanq i osetreoma . One glioblastoma, two lymphomas, and one 
liver cirrhosis with associated bleeding esophageal varices 
accounted for other deaths. All of these conditions appear To be 
associated with VC. The throe hemanqI osarcomas occurred in 
individuals exposed prior To 1951. Longer periods of observation 
are Thus needed to study the full spectrum of VC-induced 
malignancies and Their incidence among exposed workers ,
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- Schweitzer GE
- Off. Toxic SubsT., Environ. ProT. Agency, Wash., O.C.
- ENVIRONMENTAL CONCERNS BEYOND THE WORKPLACE.
- CARC/75/00596
- Ann NY Acad Sci; 296:296-302 1975
- ENG
- Prel i mi i nary investigations ware undertaken by the Environmental 

Protection Agency on vinyl chloride monomer (VCM) end polyvinyl 
chloride (PVC) activities, especially their migration beyond the 
manufacturing plants. A nationwide sampling program to determine 
VCM levels in ambient areas was initiated at ten PVC plants. The 
need for the proposed Toxic Substances Control Act which would 
require reporting of industrial data is emphasized. Over 200 
million and 50 million pounds of VCM and PVC, respectivelv> are 
estimated to be discharged into the air, water, effluents and 
sludge annually. A materials loss of 6/ in the PVC production 
process was reported. Leakage typically occurs during opening of 
polvmerization kettles, transfer, drying and disposal of oversize 
polymer particles. Increased maintenance has reduced loss to 9X 
in some plants. Many compounding and fabrication plants are 
attempting to reduce The amount of monomer associated with the 
polymer following polymerization since monomer concentration 
ranges between 500-1,000 ppm and mav reach 7,000 ppm. 
Epidemiological studies of populations near PVC plants and 
toxicological Tests in vivo are necessary in assessing effects of 
VCM exposure on the nonworker population. In vitro experiments 
on The significance of impurities in VCM, synergistic effects due 
to exposure to other chemicals, and metabolic reactions induced 
by VCM are necessary. The persistence and micration of VCM in 
the environment should also be studied. Physical properties of 
PVC must be considered with regard to disposal. Landfill 
disposal presenTs problems because lonq-Term PVC stability cannot 
be guaranteed and MCI is produced whan it is incinerated.

- Rowe VK
- Dow Cham. U.S.A., Health Environ. Res., Midland, Mich
- EXPERIENCE IN INDUSTRIAL EXPOSURE CONTROL.
- CARC/75/00599
- Ann NY Acad Sci; 296:306-310 1975
- ENG
- Industrial hygiene methods employed by the Dow Chemical Company 

provide a model upon which future environmental Control systems 
can be based. The results of toxicological studies of vinyl 
chloride and vinvlidene chloride since 1959 indicated an 
increased need for monitoring of these substances in the air.
Dow widely uses combustion-conductivttv analysis but gas 
chromatography and infrared spectrophotometry have also been 
recently employed. Time-meiqhted averages of vinyl chloride 
exposure that an employee would have in a given job can be 
computed. In 1959, it was established That This averaqe e^pppure 
should not exceed 50 ppm vinyl chloride or 25 ppm vinylidire 
chloride for an eight-hour five-day week. Exposure was 1-10.9
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ppm for most employees in three monomer plants, but laboratory 
personnel wsra exposed to 30 ppm. While levels were only 1-5 ppm 
for most employees in the polymer plant> some areas showed as 
high as 150 ppm. Safe levels of any hazardous material must be 
esTablished and maintained through appropriate engineering and 
monitoring. Corrective measures should be taken when breakdowns 
occur and a medical surveillance program must be supported.
Vinyl chloride is processed in closed vessels with maximum 
ventilation* and process automation and remote operation are 
emphasized. The number of samples for control analysis is 
minimized, manual collection Is reduced by using on-line gas 
chromatograohy, and a closed-loop sampling system is used. 
Polymerization vessels must contain vinyl chloride concentrations 
of lass Than 50 ppm before entry for cleaning and air purge must 
be maintained during the operation.

47 AU - Thomassen MJ I Buoen LC I Brand KG 
AD - Univ. Hosp. Cleveland, Ohio
TI - FOREIGN-BODY TUM0RIGENE5IS: NUMBER, DISTRIBUTION, AND CELL 

DENSITY OF PREHECPLA5TIC CLONES.
SI - CARC/75/00280
SO - JNCi; 54(1)!203-207 1975
LA - ENG
AB - The number of preneoplastic clones was calculated in foreign body 

Tumorigenesls and Their distribution patterns on foreign body 
surfaces were analyzed in an investigation which was undertaken 
primarily to determine how many different preneoplastic parent 
Cells are mobilized in an animal responding to foreign body 
implantation. Double 15 x 22 mm plastic films (rigid and 
unplasticized vinyl chloride acetate copolymer; two films on Top 
of each other) were implanted sc in CBA/H-T6 mice. After 7.5 
(group 1), 8.5 (group 2), and 9.5 (group 3) months, the films 
were removed and each interior film covered by a cell monolayer 
on one side only was cut in four 7 x 10 mm segments. The film 
segments were Then transferred To (CBA/H CBA/Br)Fl, or (CBA/H-T6 
CEA/3r')Fl, recipient mice which carried preformed foreign 
body-reactive Tissue capsules, induced Two months earlier by 
implantation of glass covarslios. Each segment was placed in the 
preformed tissue caosule with the cell area pointing toward the 
body wall of the animal. Tumors arising from seqments of the 
same implant and from The corresponding original capsule were 
examined for possible homology by! in vitro culture and 
chromosomal analysis! preparation of histologic sections stained 
with hematoxylin and eosin for determination of the 
histopathologic sarcoma Type and the grade of anaolasticity;
Tumor crowth character Is11cs and growth rate in vivo on 
transplan fation of l-mm3 Tumor specimens to histooompatible 
recipients and in vitro; and evaluation of tumor latencies. 
Definite homology was established in 2/9 tumor-posltive donor 
animals in group 1 and in 2/9 tumor-positive animals in group 2. 
Five tumors of definite homology were seen among 11 positive 
donors in group 3, IT is concluded that preneoplastic clones 
were present in limited numbers and that they were either widely
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disseminated or spatially restricted on the implant surfaces. It 
is further concluded that for clone dissemination, the clonal 
cells must reach a crucial stage of preneoplastic maturity and/or 
the foreign body-reactive capsule must be in a condition 
permitting cells to complete preneoplastic maturation and achieve 
neoplastic autonomy.

<46 AU - Brand KG ; Buoen LC ; Johnson KH ; Brand I 
AD - Ned. Sch. , Univ. Minnesota, Minneapolis
TI - ETIOLOGICAL FACTORS, STAGES, AND THE ROLE OF THE FOREIGN BOOT IN 

FOREIGN BODY TUNORIGENESIS: A REVIEli 
51 - CARC/75/00276
SO - Cancer Res! 35(2 ):279-286 1975 
LA - ENG
AB - Attempts were made to correlate previously published data and 

observations on the process of foreign body tumorigenesis uith 
the course of the tumorigenic foreign body reaction as studied 
histologically and by electron microscopy. Plastic films 
(unplasticized vinyl chloride acetate copolymer, 15x22x0.2 mm) 
were implanted in CBA/H or CCA/H-T6 mice. After various time 
periods, the implants were excised, cut into smaller segments, 
and transferred separately into recipient mice which were fully 
histoccmpatible , yet distinguishable from the donor mouse. 
Sarcomas of donor origin developed in the recipients up to two yr 
later. Tumors that arose from segments of the same original 
implant were often homologous. Similar experiments were 
conducted to determine appearance time and location of 
preneoplastic cells relative to the course of foreign body 
reaction. The earliest successful demonstration of preneoplastic 
cells on the foreign body surface was accomplished at 11 weeks 
post implantat i on. From these observations it seems that the 
process of foreign body tumorigenesis proceeds through several 
stages, each seemingly providing specific conditions required 
sequentially for preneoplastic maturation as oppressed by the 
following criteria: cellular proliferation and tissue 
infiltration during acute foreign body reaction; fibrosis of the 
tissue capsule surroundlnq the foreign body; quiescence of the 
tissue reaction; and availability of a foreign body surface for 
direct contact with clonal preneoplastic cells. There is no 
indication that the initial acquisition of neoplastic potential 
and the determination of specific tumor character 1stics are based 
on direct physical or chemical reactions between cells and the 
foreign body. These key etiological events presumably occur in 
mesenchymal stem cells associated with the microvasculatura no 
later than during the acute stage of foreign body reaction and 
long before clonal descendants of these cells are first found In 
contact with the foreign body surface. It is suggested that 
cells with neoplastic do termination may be present in normal 
tissue prior to the introduction of a foreign body and that the 
foreign body only creates the conditions required for step-wise 
preneoplastic maturation.
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- McCann J I Simmon V J Strai twi eser D ; Ames BN
- Biochemistry Dept.) Univ. California) Berkeley) Calif. 94720
- MUTAGENICITY OF CHLOROACETALDEHYDE, A POSSIBLE METABOLIC PRODUCT 

OF 1.2-DICHLCROETHANE (ETHYLENE DICHLCSIDE), CHLOROETHANOL 
(ETHYLENE CHLOROHYDRIN), VINYL CHLORIDE AND CYCLOPHOSPHAMIDE 
(MEETING A3STRACT).

- CARC/75/03179
- Proc Natl Acad Sci USA; 72(81:3190-3193 1975
- EMG
- A rapidi sensitive bacterial test to detect chemical carcinogens 

as mutants utilises a special set of histidine mutants of 
Salmonella typhimurium fcr reversioni and a rat (or human) 
microsomal system for metabolic conversion of carcinogens to 
their active forms. The mutagenicity of chloraeetaldehyde uas 
tested in this system because the compound i3 a possible 
metabolite in mammals of the large-volume industrial chemicals
1.2-dichioroethane ( ethylene dichlorlde ; 3.5 billion kg/yr, 
U.S) and vinyl chloride (2-5 billion kg/yri U.S). and of the 
antineoplastic agent) cyclophosphamide . Chloroacetaldehyde 
effectively reverted a new Salmonella bacterial tester strain 
(TA100) at all levels tested (1-5 mg). Chlorcacetaldehyde uas 
hundreds of times more effective in reverting TA100 than uas 
chloroethanol ( ethylene chiorohydrin ). a known metabolic 
precursor of chloroacetaldehyde and a possible metabolite of 
dichloroethane and vinyl chloride; or vinyl chloride> which is 
itself mutagenic for TA100. Chloroethanol was activated by rat 
and human liver homogenates to a more highly mutagenic fern) with 
reversion properties similar to chloroacetaldehyde. Reversion 
properties of cyclophosphamide after in vitro metabolic 
activation sugqests that chloroacetaldehyde is not the active 
mutagenic form of this antineoplastic drug. The likely 
involvement of chloroacetaldehyde in the metabolism of 
dichloroethane and chloroethanol indicates that The 
carcinogenicity of these industrial chemicals should be 
thoroughly examined.

• Drew RT ; Harper C ; Gupta BN I Tallev FA
■ Natl. Inst. Environmental Health Sciences) P.0. Box 12233i Res. 

Triangle Park , N.C. 27709
• EFFECTS OF VINYL CHLORIDE EXPOSURES TO RATS PRETREATED WITH 

PHENOBARQITAL.
■ CARC/75/03679
■ Environ Health Perspect; 11:235-242 1975
■ ENG
■ Male Charles River CD-I rats were exposed to ten consecutive 

days> 6 hours/day> to vinyl chloride vapors at an average 
concenTration of 13>500 ppm. The exposed rats were divided into 
three groups of eight rats each: each group uas pretreated with 
3- me thy 1 cholan threne ; (15 "ig/kgi ip for Tuo davs prior to first 
exposure); one grouo was pretreaTed with phenosarbIta 1 (1 mg/ml 
In drinking water for Three days prior to exposure and during 
exposure)! and the third grouo recie'<ed no treatment. Half the

c
c
(

(

c
c

e

t

c
c

L

L



51

00005917
VINYL CHLORIDE

PAGE 27

animals in each group were sacrificed 13 hr after the last 
exoosure and half were sacrificed four days later. In a second 
experiment i four rats pretreated with phenobarbital were exposed 
to vinyl chloride vapors at a concentration of 17,300 ppm for two 
days and sacrificed on the third day. In both experiments 
control animals i also treated with phenobarbital or 
3-methylcholanthrene, ware exposed to air only. At the time of 
sacrificei lungs i kidneys, spieeni heart, and a small piece of 
the liver from each animal were preserved for histological 
examination. The remainder of the liver was processed for assay 
of microsomal enzyme activity. The following parameters were 
investigated: growth rate, organ weights, morphological changes, 
and both benzphetamine-N-demethylase activity and cytochrome 
P-450 content of microsomes prepared from the livers. In both 
experiments the only marked difference noted in any group was a 
decrease in the growth rate of the animals exposed to vinyl 
chloride and treated with phenobarbiTal. This decreased growth 
rate was particularly apparent on the third day of the vinyl 
chloride exposures. Occasional morphological changes were also 
seen in the livers of the animals treated with phenobarbital and 
exposed to vinyl chloride. Although changes resulting from 
exposure to VC and phenobarbital have been demonstrated• these 
changes have not been shown to be preneoplastic.

AU - Hefner RE I Watana.be PG ; Gehring PJ
AD - Health and Environmental Res., Dow Chemical (J.S.A., Midland,

Mich. 48640
TI - PRELIMINARY STUDIES OF THE FATE OF INHALED VINYL CHLORIDE MONOMER 

(VCM1 IN RATS.
SI - CARC/75/03678
SO - Environ Health Perspect! 11=235-242 1975
LA - ENG
A0 - Hale Spraque-Dawley were exposed to vinyl chloride monomer gas 

(VCM) in a closed recirculating system. The rate at which VCM 
was removed from the system via metabolism was determined for 
rats exposed to inttal concsnIrations of VCM ranqing from 50-1167 
ppm. Upon exposure to initial concentrations of 50-105 ppm the 
rate of metabolism was 8.04 plus or minus 3.40 X 10-3 min-1.
Upon exposure To initial concentration ranging from 220 to 1167 
ppm, tiie rate constants were less; The mean value being 2.65 plus 
or minus 1.35 X 10-3 mtn-1 min-1. Peqardless of concentrat1 on, 
the disappearance followed apparent first order kinetics. 
Pretreatment of rats with pyrezole ( 320 mq/ko I prior to exoosure 
to 65 and 1234 ppm VCM caused 71 and 87X re duetions , 
respectively, in the rate of metabolism. Ethanol (5 ml/kg, 95X) 
caused 96X and 03X reductions in The rate of VCM metabolism by 
rats exposed to 56 and 97 ppm VCM, resoective1y. Ethanol was 
less effective in biockinq the rate of metabolism by rats exposed 
to hiqh concentrat1ons of VCM; 46 and 36X in rats exposed to 1025 
and 1034 ppm VCM. In rats exposed To 65 ppm VCM, SKF-525-A AAI75 
mq/Kg ) adm1nistraTion caused no Inhibition of The rate of VCM 
metabolism; however, a 19X inhibition was seen in rats exposed to 
1038 ppm. The nonprotein sulfhydryl content of The liver
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(glutathione and cysteine) of rats exposed to 50-15,000 ppm VCH 
was reduced without a relationship to dose. With repeated daily 
exposure> the degree of reduction was reduced. Preliminary 
results indicate that the primary metabolites of VCH react with 
the non- protein sulfhydryl. Final metabolic products excreted 
in the urine appear to be S-(2-hydroxyethylJcysteine and S- 
{2-carboxymethyl )cysteine and the respective N-acetyl 
derivatives. Monochloroacetic acid was identified as another 
potential metabolite. The results suggest that VCM is readily 
and extensively metabolized. Metabolism via the primary pathway! 
postulated to involve alcohol dehydrogenasei is swamped by 
exposures to concentrations exceeding 220 ppm. In rats exposed 
to concentrations at and exceeding this level , metabolism occurs 
via a secondary pathuay(s)i postulated To be epoxidation and/or 
peroxidation. These results are considered pertinent in 
assessing the potential hazard at lcu-ievel exposures To VCM.

52 AU - Creech JL I Hakk L
AD - Dep. Surg., Unlv. Louisville, Ky.
TI - LIVER DISEASE AMONG POLYVINYL CHLORIDE PRODUCTION WORKERS.
51 - CARC/75/00577
SO - Ann NY Acad Sci! 296:83-99 1975
LA - ENS
A3 - A protocol for systematic testing of all employees of a chemical 

plant producing polyvinyl chloride (PVC), ABS resins ,ond 
specialty synthetic rubber is presented. An attempt to relate 
liver abnormality to The degree of vinyl chloride exposure 
resulted in the determination of five categories of work areas! 
the highest exposure was in the area of PVC production, followed 
sequentially by other areas of production, PVC maintenance 
personnel, other maintenance employees, and all other employees.
A standard sequential multiple analysis (SMA-12) was the initial 
test used, repeated at a maximum of every six mo. On the 
presentation of elevated liver function Tests, consequent special 
procedures included freetionation of lactate dehydrogenase (LDH) 
determination of alkaline phosphatase activity, Total bilirubin, 
complete blood count, chest x-rays, a liver spleen scan, plus 
1i“jr biopsies when indicated. On original examination of 1133 
employees , 26.6k had one abnormal Test, 3.5k had Two or more 
abnormal Tests! abnormalitIes persisted in 29k of those retested.
Results of scans of 116 employees indicated patchy uptake, 

enlarged liver, enlarged spleen, and/or cold spot in 50.8 of 
those tested. While a correlation of abnormal SMA-12 
examinations with The various areas of production wa3 obscure,
10k of the workers in PVC production exhibited abnormal Tests, as 
compared to 9,1k abnormal for other areas of production. Whereas 
the alkaline phosphatase Test was found the most frequently 
elevated, there was no sinqle outstandingly abnormal Test- 
Results of 17 liver biopsies revealed two angfosarcomas and five 
normal reports! periportal fibrosis was otherwise found most 
common. FractIona'ion of LDH showed Isolated factor four 
elevations in 66k of the emoloyees . A very hiqh Incidence of 
creation pnospnokI rase was found in 75k of the Negro workers, as
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compared to 127. of the Caucasians. It was concluded that no one 
isolated test provided an adequate evaluation that the special 
procedures appeared quite accurate! and that such studies should 
be continued through the years and beyond retirement.

- Lloyd JU
- Natl. Inst. Occup. Saf. Health, Rockville, Md.
- ANGIOSARCOMA OF THE LIVER IN VINYL CHLCRIDE/POLYVINYL CHLORIDE 

WORKERS.
- CARC/75/00373
- J Occup Med; 17(51:333-339 1975
- ENG
- Review of recent data on cases of liver angiosarcoma illustrated 

a clustering within recent years. Although the high risk of the 
disease for polymerization workers had previously gone unnoticed, 
an exact estimate of the incidence of liver angiosarcoma among 
the workers could not yet be determined, pending exposed-to-risk 
figures. Approximately 5,600 men are currently employed in 36 
U.S facilities, with 15 cases of liver angiosarcoma reported to 
date. Greater than 70/ of the cases were initially employed in 
polymerization work more than 20 yr ago, setting an average 
latent period of 19 yr, The age at diagnosis of angiosarcoma 
among both vinyl chloride workers and polymerization workers was 
considerably lower than that of the general population, 
suggesting the possibility of a common etiology. Preliminary 
findings from continuing epidemiologic investigations indicated 
that polymerization workers may also be at high risk for other 
malignant neoplasms, particularly of the brain. It remains to be 
determined whether exposure to lower levels of vinyl chloride 
also represents excessive risk for liver angiosarcoma or other 
mal1gnancies .

- Lanqe CE i Juhe 5 ! Stein G i Veltman G
- Dep. Dermatol., Univ, Bonn, West Germany
- FURTHER RESULTS IN POLYVINYL CHLORIDE PRODUCTION WORKERS.
- CARC/7S/0053Q
- Ann NY Acad Sci; 296:10-21 1975
- ENG
- The possible nature and extent of occupational damage in 15 

employees of polyvinvl chloride (PVC )-proeessing industries was 
investigated. In addition, case studies of two former workers of 
a PVC-producing plant, who had died of malignant tumors, are 
presented, Oermatoloqical exam Inations and the following 
laboratory tests were performed on all 15 workers-' complete blood 
ceil platelet Count. RDC sedimentation rate, serum
electrophoresIs> blood urea nitrogen, and Australia antigen. 
Employed for an average of fi”e vears , the workers had complained 
of sensations of pressure and/or pain in the upper abdomen, 
frequent dizziness, cold hands and feet, and increasing weakness 
in the legs. Clinical changes of Raynaud's syndrone were not 
observed. Slight to moderate thrombocytopenia
(63,000-139,000/microl) was observed ,n seven patients! increased 
bromsulphaleln retention of 5.2-15.1/ at 95 min was noted in
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another seven patients. Reticulosis of 1.7-4.4/t was seen in six 
patients. Leukopenia (3,250/microl ) was seen in one patient, and 
slight splenomegaly was observed in another patient. Laparoscopy 
and biopsy results were less distinct, though similar to those 
observed in PVC-produc*ion workers. Despite the small number of 
workers examined, an increased number of findings were made of a 
combination of symptoms believed characteristic of vinyl chloride 
disease, A 38-yr-old man, employed for 12 yr, had a large tumor 
assigned to the liver and spleen, increased ESP, anemia, and 
other abnormal laboratory findings; surgical laparatomy and 
biopsies revealed a hemangioendothelial sarcoma of the liver, and 
increasing cachexia resulted in death. A 39-yr-oid man, employed 
for 11 yr, had a tumor on the epigastric angle, abnormal 
laboratory results, a histological diagnosis of 
hemangioendothelial liver sarcoma, and resulting death.

AU - Van Esch GJ ; Van Logten MJ
AD - Natl. Inst. Public Health, Bilthoven, Netherlands
TI - VINYL CHLORIDE: A REPORT OF A EUROPEAN ASSESSMENT.
SI - CARC/75/00004
SO - Toxicology! 9(1)-'1-9 1975
LA - ENG
AB - A meeting of European toxicologists was held to assess the

available toxicological and migration data on vinyl chloride , 
with special reference to its careinogenic potential. Because of 
indications that vinyl chloride induces angiosarcomas in exposed 
workers, it is considered that 50 ppm vinyl chloride in inspired 
air is too high to adopt as a Threshold Limit Value. Present 
industrial exposure levels should be reduced as far as possible, 
and efforts should be made to eliminate the hazard to operatives 
of exposure to high vinyl chloride levels during the cleaning of 
polymerization vessels. Data on the migration of vinyl chloride 
from polyvinyl chloride (FVC) indicate that PVC used for food and 
drink containers and wrappings should contain less than 20 ppm 
vinyl chloride. This is necessary to maintain very low levels of 
contamination of food. The final solution of the vinyl chloride 
problem will depend on the evaluation of further data, including 
(a) epidemiologic studies on vinyl chlor i de-1 i n.ked diseases in 
man, (b) levels of industrial and environmental exposure, (c) 
effects of po vinyl chloride in animals, Id) investigations to 
determine if induction of liver tumors by vinyl chloride is 
preceded by liver dysfunction and cirrhosis, (e) metabolism of 
vinyl chloride, (f) percutaneous migration of vlnvl chloride, (g) 
estimated daily dietary intake of vinyl chloride in children and 
adults, (h) interaction of vinyl chloride with food and drink 
components, ( i ) vinyl chloride levels in PVC products, and (J ) 
vinyl chloride levels tn potable water and PVC tubing. (9 refs)
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Buoen LC ; Brand I ; Brand KG
llniv. Minnesota Hedical Sch. i Minneapolis, Minn. 55455 
FOREIGN-BODY TUMORIGENESIS •' IN VITRO ISOLATION ANO EXPANSION OF 
PRENEOPLASTIC CLONAL CELL POPULATIONS.
CARC/75/03742
JNCi; 55(31:721-723 1975
ENG
The intracellular aberrations connected with the preneoplastic 
stages of cells acquiring neoplastic autonomy were studied in 
foreign-bcdy reactive tissues in vitro. Foreign-body reactions 
were induced in coisogenic COA/H and CDA/H-To mice by sc 
implantation of 15 x 22 x 0.2 mm unpiasticiced vinyl chloride 
vinyl acetate copolymer films. At six mo post implantation, 
implants and unopened tissue caosules ware transferred to 
recipient animals of the T6-different partner strain. After 
another three mo. part of the film/capsule complex was 
transferred to (C573L/10ScS:i x C3A/H-T6 1F1 mice for tumor 
development. Cr.psule-der i ved and film-attached Cells of the 
other part were separately cultured. Cultures consisting 
initially of euploid ceils were often gradually replaced by 
different calls with specific aneuoloid karyotypes which were 
identical with, cr clcselv related to. those of the corresponding 
tumors. The cultured calls impla.nted in hybrid recipients at 
different passage numbers free,uentlv gave rise to homologous 
tumors. Hence, it was possible to prepare in vitro cells with 
prefixed specific tumor determinants at different stages of 
preneoplastic maturation. It is concluded that analytic studies 
on foreign-body induced preneoplastic cell populations can be 
expected to complement findings on chemically or 
virus-transformed cells.

Williams DM I Taylor KJ ; Crossley IR i Smith FM 
Royal fl.irsden Hosp., Sutton, England
SCREENING VINYL CHLORIDE MONOMER WORKERS FOR LIVER DISEASE 
(MEETING ABSTRACT).
ICCB/75/C6901
Gut! 16(10):S39 1975
EMG
A study of workers to determine whether changes had been induced 
by past exposure to vinyl chloride was carried out by means of a 
clinical examination and standard hematoloqy and liver function 
tests. Of 437 workers examined. 102 had abnormalities on Initial 
testinq, but only 2 were finally shown to have portal 
hyper tension , Both had been 1st identified through 
thrombocytopenia, ha'Mnq normal li.-e- function tests. The 
remainder were either normal on repeat testinq or had minor 
changes attributable to alcohol (10 cases I or Gilbert's disease 
(6 cases). In comparison, Ad of 112 control subjects had initial 
test abnormalities. A test sample of 19 workers was therefore 
chosen at random and examined blind by Grey scale
ultrasonography. Four with minimal or no exposure were confirmed 
as normal , but 11 of the remainder had abnormalities consisting
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of an enlarged portal vein in 7i splenomegally in 8i and changes 
in hepatic texture in 7.

Sharma RA ; Bobek H
Roswell Park Hemorial Inst., Suffaloi N.Y. 19263
SYNTHESIS OF 5-VINYLURIDINE AMO 5-VINYL-2‘-OEOXYURIDINE AS NEW
PYRIMIDINE NUCLEOSIOE ANALOGS.
ICDB/75/01651
J Org Che.il; 90(161:2577-2379 1975 
ENG
Syntheses of 5-vinyluridine and 5-vinvl-2'-deoxvuridine were 
carried out because of their possible antiviral activity. 
Condensation of 5-formvluraci1 was conducted smoothly with 
carbethoxymethyienetriphenylphosphorane to give trans- and 
cis-3-(5-uracilyl lacylic acid ethyl ester. Using an analogous 
reaction with methylenetriphenylphosphorane failed to yield 
5-vinyluraci1. 5-Chloromethylurac11 was converted by reaction 
with triphenyIphosphine to the phosphonium salti 
5-uracily'methyltriphenylphosphomum chloride, which readily 
condensed with paraformaldehvde in the presence of base to yield 
good amounts of 5-vi ny lurac i 1. The tr i me tliyis i lyl derivative of 
5-”inyluraci1 was condensed with
1- 0-acetyl-2i3.5-tri-O-benpoy1-beta-O-ribofuranose in the 
presence of stannic chloride to givei after deblocking,
5-winyluridine. Condensation of the trimethylsilyl derivative,
2,9-bis(trlme thyIsllyloxy )-5-vinylpyrimidine, with
2- deoxy-3,5-di-0-p-toluoyl-D-erythro-pentofuranosyl chloride, 
followed by transesterification with sodium methoxide, gave 
5-viny1-21-deoxyuridine and its alpha anomer,
1- (2-deoxy-alpha-D-erythro-pentofuranosyl )-5-vinyluraci1.

Eisch JJ ! Comfort DR
Dept. Chemistry, State Univ, Hew York, Binghamton, N.Y. 13901 
HYOROGEN AND ALKYL TRANSFER IN THE REARRANGEMENTS OF
2- ALKENYL-l,2-0IHYDROQUNIOLINES.
ICDB/75/01693
J Crq Cheml 90(161:2280-2295 1975 
ENG
Vinyl- or allylmagnesium chloride was added to quinoline. At 258 
under hydrolysis conditions, the corresponding
2-alkenyl-1,2-dihydroqu1nolIne was formed. Heatinq the Grignard 
adduct with quinoline directly, or heating the isolated 
dihydroquinoline i caused 1someripation to the corresponding 
2-n-allylquinollne or its magnesium salt, respectively When 
2-deutoricqulnoline was used to prepare the respective adducts, 
the 2-n-aIkylquinolines formed after Isomerication were 
deuterated exclusively at the Beta position of the side chain. 
When 2-allyl-l, 2-dihydroqulnolme and
2-allyl-2,9-d1deuterio-l,2-dihydroouinoline were Subjected to 
coiSomer1cation, much monodeuterated 2-n-propylquInol1ne was 
formed, indicating that such hydrogen transfer is largely 
intermolecular, 1,2-DihydroquI no 11nes and their N-metallic salts 
Underwent easy 1,2 elimination of PH or PM. For example,
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2-allyl-2-methyl-l,2-dihydroquinoline, a3 its H-magnesium 
chloride salt, easily reverted to quinaldine and allylmagnes iutn 
chloride. At higher temperatures these components recombined, 
yielding 4-allyl-2-methyl-1,4-dihydroquinoline as its N-magnesiurn 
salt. The results of these experiments suggest the existence of 
two distinct pathways for intermolecular hydrogen transfer. One 
pathway involves the Grignard isomerization, a sequence for MgHCl 
elimination, allyl-propenyl group isomerization, and 1,4 
readdition of MgHCl. The other pathway is composed of dihydro 
isomerization , elimination of RH in a free-radical initiation 
step, followed by concerted 6-center hydrogen transfers and 
base-promoted allyl-propenyl group lsomerization.
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- Anonymous
- No affiliation given.
- NEW IMPETUS FOR FR03E.
- ICDB/75/00164
- chem Week; 114(9).'14 1974
- ENG
- Two former employees of B. F. Goodrich's Louisville, Ky, 

polyvinyl chloride (PVC) plant were afflicted with angiosarcoma 
of the liver. This has added new urgency to the investigation 
into the possible carcinogenicity of vinyl chloride monomer 
(VCM). At the same time Union Carbide also found that a former 
employee at its South Charleston, W, Va, PVC plant, died in I960 
of angiosarcoma. Reacting to the Goodrich problem, the Kentucky 
Safety and Health Standards Board had added VCM to the list of 14 
restricted industrial carcinogens issued by OSHA and lowered the 
employee VCM exposure level from the federal standard to 75 ppm, 
with a time-weighted average of 50. Because of the lack of solid 
scientific data on the chemical and the possible huge economic 
impact, OSHA has not yet issued temporary emergency standards. 
Investigations pertinent to this matter continue.

- Reed DJ ; May HE I Boose RB ; Gregory KM ; Beilstein MA 
Dept. Biochem. Biophys., Oregon State Univ., Corvallis 
2-CHLCROETHANOL FORMATION AS EVIDENCE FOR A 2-CHLOROETHYL 
ALKYLATING INTERMEDIATE DURING CHEMICAL DEGRADATION OF 
l-( 2-CHLOROETIIYL )-3-CYCL0HEXYL-l-NITR0S0'JREA AND
l-(2-CHLCROETHYL)-3-TRANS-4-NETHYLCYCLOHEXYU-l-NITROSOUREA. 
CATH/75/*1720
Cancer Res! 35(3)1568-576 1975 
ENG
The chemical degradation of
l-(2-chioroathyl )-5-cyclohexy1-1-nitrosourea (CCNU) or 
l-( 2-cnloro ethyl )-3-( trails -4-me thy Icy c 1 ohaxy 1 ) -1 -n i trosourea 
(methyl CCNU) under physiological conditions is described. Using 
gas chromatography, re"erse isotope dilution, and high pressure 
liquid chromatogrcoy, the decomoos I 11 on of CCNU and methyl CCHL) 
dissolved In 0.1M phosphate buffer (0*6mM drug concn) pH 7.4 at 
373 for 3 hr was investigated. Half-lives of deccnposition were 
1.75 and 2.75 hr, resp. During this time, 18-25X of the molecule 
appeared as 2-cnlorcethanol, 5-10X as acetaldehyde, 32X as
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cyelohexylamine and 1-2/ each as vinyl chloride and ethylene. 
Methyl CCNU and CCh'U degradation may not involve the loss of the 
chloro group as chloride but the loss of the N-3 hydrogen as a 
proton with the formation of a 2-chloroethyl diazene and 
corresponding isocyanate. Further conversion of 
2-chloroethyldiacene to its hydroxide may yield the final 
alkylating form, possibly as a carbonium ion. (19 refs)

AU - Jaeger RJ ; Reynolds ES ; Conolly RB I Moslen MT ; Srabo S
AU - Murphy SO
AO - Kresge Cent. Environ. Healthi Harvard Sch. Public Health, Boston, 

Mas s .
II - ACUTE HEPATIC INJURY BY VINYL CHLORIDE IN RATS PRETREATED WITH 

FHEN03ARSITAL.
SI - CARC/74/02695
SO - Nature (Lond); 252(54851:724-726 1974
LA - ENG
AB - The potential of vinyl chloride monomer to enhance liver injury 

in male Holtzman rats pretreated with phenobarbital, an inducer 
of certain enzymes of the liver mixed function oxidase system, 
was studied. Four experimental groups were defined: exposed to
air and not pretreated; exposed to vinyl chloride monomer and not 
pretreated; exposed to air and pretreated with phenobarbital 
(0.1/ in drinking water for 7 days); and exposed to vinyl 
chloride monomer and pretreated with phenobarbital.
Nonpretreated and phenobarbital-pretreeted rats exposed to air 
alone had no increase in serum alanme-alpha-ketoglutarate 
transaminase (AKT) and sorbitol dehvdroqenase, enzymes that are 
highly specific for liver injury. In nonpretreated groups, 
exposure' to 0.5/ or 5/ vinyl chloride monomer for a single six 
hour period did not causa a substantial rise in serum 
alanine-alpha-ketoglutarate transaminase or sorbitol 
dehydrogenase, but after exposure to 10/ vinyl chloride monomer 
there was a slight increase in these enzymes. Hi s toloqi cal Is', 
centrolobular hepatocellular vacuolization was noted only in the 
10/ exposure group. Phenobarbital pretreatment for seven days 
caused a marked enhancement of injury at the 5/ level of 
exposure, with vacuolization of centrolobular parenchymal cells, 
focal necrosis of mid-zonal parenchyma, dilation of the rough 
endoplasmic reticulum, and formation of tubular snarls by smooth 
endoplasmic reticulum. Phenobarbital-pretreated rats killed 
after the last exposure to 5/ vinyl chloride monomer following 5 
consecutive days of exposure did not have increased activities of 
Serum alanine-alpha-ketoglutarate transaminase or sorbitol 
dehydrogenase, suggesting that previous exposure to vinyl 
chloride monomer blocked the biochemical response which followed 
reexposure at short intervals.
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63 AU - Makk L ! Creech JL ; Whelan JG ; Johnson MM 
AO - St. Anthony Mosp.i Louisville, Ky.
TI - LIVER DAMAGE AND ANGIOSARCOMA IN VINYL CHLORIDE WORKERS: A

SYSTEMATIC DETECTION PROGRAM.
SI - CARC/74/04030
SO - JAMA; 230(1 ):64-68 1974
LA - ENG
AB - Recently, five cases of angiosarcoma of the liver were discovered 

in Louisville, Kentucky; all of the patients had worked in a 
plant producing polyvinyl chloride (PVC). Since none of the 
patients had any specific abnormal findings on physical 
examination or routine laboratory tests, a program was designed 
whereby large numbers of workers could be screened for liver 
disease with relative ease. Significant abnormalities were 
evaluated by a combined program of clinical, comprehensive 
laboratory, and roentgenograpnic study. If abnormalities 
suggestive of serious liver disease or possible angiosarcoma were 
found, the patient was hospitalized and hepatic panangiography 
performed. If the angiograms suggested the possibility of tumor, 
open-liver biopsy was advised with consideration of hepatic 
lobectomy, if so indicated at exploration. Screening profiles 
were obtained from 1103 employees of the plant; comprehensive 
evaluations were performed on 75 workers with livei—related 
abnormalities. Two new cases of hepatic angiosarcoma and three 
eases of portal fibrosis were found on further evaluation. Of 
the liver function tests. The gamma-glutamic Transpeptidase 
determination seemed To be The most useful in detecting 
abnormalities and reflecting the extent of liver lesions; 
alkaline phosphatase, serum glutamic-oxalacetic transaminase, 
serum glutamic-pyruvic transaminase, lactic acid dehydrogenase, 
and bilirubin tests were also useful. No Test was specific for 
angiosarcoma. Liver scans and angiographic studies correlated 
well with the results of laboratory tests and biopsy examinations 
in the detection of cirrhosis, and hepatic panangiography was 
helpful in differentiating neoplastic from nonneoplastic lesions.

64 AU - Block JB
AD - Med. Consulting Group, Kentucky Dept. Labor, Frankfort 
TI - ANGIOSARCOMA OF THE LIVER FOLLOWING VINYL CHLORIDE EXPOSURE.
SI - CARC/74/03406
50 - JAMA; 229(11:53-54 1974
LA - ENG
AB - Recently, six workers exposed to vinyl chloride have died of

angiosarcoma of The liver. The patients were all men, aged 38-58 
yr. They had worked with vinyl chloride 12-28 yr (mean, 18 yr ) 
prior to first hospital admission. Four of the patients had some 
nonalcoholic form of cirrhosis of the liver, and in three cases 
The liver neoplasms were first diagnosed as gastric ulcers. In 
vinyl chloride workers, the serum alkaline phosohatase 
determination appears to be more sensitive than other serological 
tests. SGOT, levels are also frequently elevated, but this does 
not occur until late in the course of the disease. Carcinoma of
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the liver can be cured only by surgical excision of 
well-localioed lesions! chemotherapeut i c agents are of palliative 
value only and radiation therapy may alleviate symptoms but does 
not prolong survival. It should be determined whether the 
development of angiosarcoma of the liver is The result of 
low-level exposure of vinyl chloride over a period of years or 
whether the tumor results from high-level exposure many years 
previously.

- Tabershaw IR i Gaffey UR
- Tabershaw-Cooper Assoc.■ Ins.j Rockville> Md.
- MORTALITY STUDY OF WORKERS IN THE MANUFACTURE OF VINYL CHLORIDE 

AND ITS POLYMERS.
- CARC/74/02605
- J Occup Med! 16(8):509-518 1974
- ENG
- This study of 6364 men who had at least one yr of occupational 

exposure to vinyl chloride before December 31, 1972> demonstrates 
that cancers of the digestive system (primarily angiosarcoma), 
respiratory system, brain, and cancers of unknown site, as well 
as lymphomas . occurred more often than expected in those members 
of the studv population with the greatest estimated exposure.
The mortality from other cancers was lower than that of the 
general male population with the exception of cancer of the 
buccal cavity and pharynx. There was an excess of these cancers, 
which however was inversely related to estimated exposure. No 
explanation has been found for The latter finding. The other 
major findings of The studv are: 1) the overall mortality of The
study population was approximately 75X of what would be expected 
in a comparable population of U. 5 males! 2) no cause of death 
showed a statistically significant excess over what would be 
expected in a comparable U. S male population! and 3) no deaths 
identified as angiosarcoma of the liver were found other than 
those previously identified. This is the first epidemiological 
study suggesting that vinyl chloride may also be associated with 
human cancer of multiple sites.

- tlonson PR ! Peters JH ! Johnson MN
- Harvard Sch. Public tilth. Boston, Mass.
- PROPORTIONAL MORTALITY AMONG VINYL-CHLORIDE WORKERS.
- CARC/74/02 598
- Lancet! 11(7077 ):397-398 1974
- ENG
- In a proporttonal-mortaliTy analysis of 161 deceased workers in

two plants using vinyl chloride, a 50k excess of deaths due to 
all cancer was seen. Specific sites of cancer with the greatest 
excess included ll>'er and biliary tract, lung, and brain. The 
excess in fatal cancer was seen mainly in men who died before age 
60. Also, there was a trend in time in the ratio of observed to 
expected deaths: since 1970 the expectancy of deaths from cancer
has more than doubled.
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- Falk H ; Creech JL ; Heath W ; Johnson MN ; Key MM
- Ctr. Dis. Control> Atlanta, Ga.
- HEPATIC DISEASE AMONG UORKERS AT A VINYL CHLORIDE POLYMERIZATION 

PLANT.
- CARC/74/02585
- JAMA; 230(1 ):59-63 1974
- ENG
- Eleven cases of hepatic disease, including seven cases of hepatic 

angiosarcoma, have been identified to date among men employed at 
one vinyl chloride polymerization plant in Louisville. The 
earliest diagnosis was made in April 1964. The Two most recent 
cases, both angiosarcoma, Here diagnosed in February 1974 as a 
result of systematic medical screening for liver abnormalities 
among workers at the plant. Ages at diagnosis have ranged from 
36 to 53 yr for the seven patients with angiosarcoma and from 28 
To 56 yr for The four patients with nonmalignant disease! 
durations of employment before diagnosis have ranged from 12 to 
28 yr (average 18.0) and from 5 to 29 yr (average 20.6). All 11 
persons had worked in close and continuous contact with various 
phases of the vinyl chloride polymerization process. Review of 
pathologic material suggests the presence in both tumor and 
nontumor cases of portal fibrosis and atypical sinusoidal lining 
cells. A direct causal relationship between exposure to vinyl 
chloride monomer and pathologic findings is postulated.

- Lange CE ; Juehe S ; Veltman G
- Univ. Derm. Clin., Bonn-Venusberg, W, Germany
- LIVER ANGIOSARCOMA IN TWO WORKERS IN A FVC-PRODUCING FACTORY.
- CARC/74/0C4C3

DTsch Med Wochenschr; 99(31):1593-1599 1974 
GER
Two fatal cases of angiosarcoma of the liver following prolonged 
exposure to vinyl chloride in a PVC manufacturing plant are 
reported. Hemanqioendothelial sarcoma of the liver was diagnosed 
in one 33~yr-old worker who worked in the PVC manufacturing plant 
for 12 yr, A blood sedimentation reaction of 22/67 inm, 
considerable anemia, reticulocytos i s at the 6/ level, serum iron 
level of 25 microg/100 ml, a gamma-globulin fraction of 25/ rel 
at 7,2 g/100 ml protein content, an alkaline phosphatase activity 
of 12 Bodansky U and a glutarnlc-oxalacetlc Transaminase activity 
of 24 mU/ml serum were measured. Bilaterally localized, 
polytopically growing, maliqnant primary angiosarcoma of the 
liver was diagnosed in another 39-yr-old patient who had been 
worklnq in PVC production for 11 yr. In view of similar reports 
from other countries, as well as of related animal Tests, the 
present findings indicate a possible causal relationship between 
such malignant tumors and exposure to 'Mnyl chloride.
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- Viola PL ; Bigotti A ; Caputo A
- Regina Elena Inst. Cancer Res.) Roma) Italy
- ONCOGENIC RESPONSE OF RAT SKIN, LUNGS, AND BONES TO VINYL 

CHLORIDE.
- CARC/71/02200
- Cancer Res! 31 (5 ) .‘516-522 1971
- ENG
- Male rots were exposed to vinvi chloride vapors for 4 hr per day, 

5 days per wk for 12 months; The vinyl chloride uas diffused into 
The air of The containers which held The rats in amounts of 3X 
vinyl chloride v/v (30,000 ppm). Almost all the rats developed 
tumors of the skin and lungs. Among 17 rats surviving the 12 
month course, all had skin Tumors and 6 had lung Tumors; 5 of the 
17 had bone tumors. Most skin Tumors were epidermoid carcinomas; 
there were 2 mucoepidermoid carcinomas and 2 epidermoid 
carcinomas of The keratiniping Type. Among lung tumors, There 
were 3 adenocarcinomas, a squamous cell carcinoma and an 
adenocanthoma. Bone tumors were localised in the metacarpal and 
metatarsal bones of all 9 extremities; all were osteochondromas. 
Skin tumor3 were local iced in the area of the submaxillary and 
parotid glands.

70 AU - Johnson KH ; Buoen LC ; Buoen I ; Brand I ; Brand KG 
AD - U. Minnesota Coll. Vet. Med., Minneapolis
TI - POLYMER TUMORIGENESIS: CLONAL DETERMINATION OF HISTOPATH0L0GICAL

CHARACTERISTICS DURING EARLY PRENEOPLASIA; RELATIONSHIPS TO 
KARYOTYPE, MOUSE STRAIN, AND SEX.

SI - CARC/70/02300
SO - JNCI; 44(4):785-793 1970
LA - ENG
AB - Histological examination of tumors induced in CBA/H and CBA/H-T6 

mice by sc implantation of plastic films (unplasticized vinyl 
chloride acetate copolymer) demonstrated 4 classes of tumors: 
well-differentiated fibrosarcomas; spindle cell sarcomas; 
anaplastic round-cell sarcomas without giant cells; and 
anaplastic sarcomas with giant cells. Very similar morphologic 
characteristics were seen for homologous tumors arising frcm 
segments of the same implant transferred (6 or more mo after 
initial implantation) to recipient mice durinq the prenecplastic 
phase. The hypothesis that a praneopla3tic cell clone is present 
on the film surface soon after implantation and that homologous 
tumors are derived from cells of the same clone is substantiated 
by these results. Tumor3 in classes with higher anaplasticiTy 
tended strongly to Tetraploidv. CBA/H mice tended to produce 
more anaplastic Tumors than did CGA/H-T6 mice. Tumor3 from 
female mice predominated in morphologic classes with lower 
anaplasticity, whereas the few tumors from male mica fell into 
classes with higher anaplasticity.

69 AU 
AO 
TI

SI
SO
LA
AB



li

0000S929 PAGE 39
VINYL CHLORIDE

c
c

• r

V

>»

f.* *, .$* k ,"! • ' ,--* ' ^ . ■ -

71 AU 
AD 
TI

SI
SO
LA
AB

72 AU 
TI 
SI 
SO 
LA 
AB

73 AU 
TI 
SI 
SO 
LA 
AB

■ Colvin M ; Cowens JW ! Brundrett RB I Kramer BS ; Ludlum D0
■ Oncol. Cent., John3 Hopkins Univ, Sch. fled., Baltimore, Md.
■ DECOMPOSITION OF BCNU (1,3-BI5(2-CHLOROETHYL)-l-NITROSOUREA) IN 

AQUEOUS SOLUTION.
■ CATH/79/09635

Biochem Biophys Res Commun; 60(21:515-520 1979 
ENG
The volatile products of The spontaneous aqueous decomposition of 
BCNU labeled with *#19C in the chloroeThyl groups were identified 
by gas chromatography and mass spectrometry as vinyl chloride, 
acetaldehyde, dichloroethana, and chloroethanol. This set of 
products is consistent with the existence of chloroethylcarbonium 
ions as reactive intermediates which would produce the previously 
described substituted nucleotides. (9 refs)

Block JB
VINYL CHLORIDE AND ANGIOSARCOMA.
CATH/79/02655
J Kv Med Assoc; 72(9)1963-965,505 1979
eng’
“rimary carcinoma of the liver is uncommon and those of 
mesodermal origin such as liver angiosarcoma (AS) are extremely 
rare. Pre-existing cirrhosis of The liver plays an important role 
in the genesis of AS. Clinically, the liver is enlarged in 89k of 
the cases, nausea and vomitinq and a sense of fullness and 
pressure are present and gastric disturbances are found in 2/3 of 
patient Liver function tests are of little value in screening 
because extensive liver damage must occur before there is 
significant functional impairment. Photoscanning and 
arteriography may be helpful in identification of The Tumor and 
in planning for surgery. Photoscanning using iodine, rose bengal 
and gold was diagnostic in 23/26 and 19/21 cases in 2 separate 
instances. Biopsy is contraindicated when AS is suspected because 
of the vascular nature of AS and the possibility of 
exsanguinating hemorrhage. Surgical excision offers the only cure 
for AS of the liver. Chemotherapeutic agents such as 
5-tluorouraci1 , and thio-TEPA are only palliative, as is 
radiotherapy . (31 refs I

Anonymous
BATTLE LINES DRAWN ON VINYL CHLORIDE ISSUE.
CARC/79/91232
Cham Eng News! 52(6):16 1979 
ENG
Controls on the occupational exposure to vinyl chloride or other 
chemicals used in making The monomer or in polymerizing It To 
polyvinyl chloride have been requested by The labor unions.
These controls include no measureable exposure to the carcinogen, 
safer work practices, closed systems, use permits, periodic 
medical and lab tests, plus a cut of residual vinyl chloride in 
PVC resins to less than 0.01k (100 ppm). The deaths of 9 
polymerization section workers at the Louisville, Kv plant of B.

R
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F. Goodrich have been attributed to angiosarcoma of The liver. 
These uorkers had average exposures of some 19 years To vinyl 
chloride and 10 years To vinylidene chloride with variable 
exposure to vinyl acetatei methyl acrylate* ethyl acrylate* 
methanol and chlorinated solvents. Angiosarcoma of the liver is 
a rare occurrence, accounting for only 20 to 30 deaths per year 
in The entire U. S, and can be mis-diagnosed as cirrhosis of the 
liver. Liver angiosarcomas have been experimentally created in 
rats inhaling vinyl chloride down To The 250 ppm level. The rats 
also developed zymbal (sic) glands carcinomas and kidney 
nephroblastomas.

- Anonymous
- VINYL CHLORIDE, PVC AND CANCER.
- CARC/74/01204
- Lancet; (7370)11323-1324 1974
- ENG
- To date, 19 uorkers throughout the world have reportedly 

developed angiosarcoma of the liver following a history of 
intermittently heavy exposu"e To vinyl chloride (VC) over periods 
of 12-27 years in polyvinyl chloride (PVC) manufacturing plants. 
Experimental work indicating a relationship between VC and cancer 
has heretofore gone unheeded because The experimental exposure 
levels were very high in comparison to those to which PVC workers 
are exposed and because experimentalists have often warned of 
hazards where no adequate evidence of real hazard exists. There 
is no indication That PVC is itself dangerous or ThaT it 
depolymerizes to produce VC. Unreactad VC which is present in 
newly manufactured PVC may, however, be released during storage 
and whan The material is heated during the manufacture of PVC 
products. There have been no cases of anqiosarcoma of The liver 
among PVC processors. In Great Britain, the current upper limit 
tor' exposure to VC in PVC manufacturing plant is 50 ppm with a • 
maximum Time-weighted average exposure of 25 ppm. In light of 
evidence That rats develop angiosarcoma of the liver following 
exposure to 50 ppm VC, these limits may be lowered. More 
systematic evaluation of industrially used chemicals is needed to 
determine the carcinogenic risks To workers.

Lee FI ; Harry OS
Dept, Med. Victoria Hosp., Blackpool, Great Britain 
ANGIOSARCOMA OF THE LIVER IN A VINYL-CHLORIDE WORKER. 
CARC/74/00667
Lancet; It 3370 ):1316-1313 1974 
ENG
A 71-year-old 
edema, modera 
also enlarged 
and proThr'Omb 
and there was 
2 weeks later 
The liver and 
fundus of the

nan was admitted to the hospital with massive 
; ascites, and a palpable liver. The spleen was 
serum bilirubin raised, serum albumin decreased, 

s activity 352. The liver architecture was normal 
to evidence of hepatoma. The patient died suddenly 

Postmortem examination revealed angiosarcoma of 
several small sessile polyps on the mucosa of The 
itcmach. The spleen was enlarged due to portal
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hypertension and the other organs were normal. The patient has 
been a process worker in the manufacture of polyvinyl chloride 
from vinyl-chloride monomer for 20 years. Thera is strong 
evidence that angiosarcoma of the liver is an occupational tumor 
and that vinyl chloride is the carcinogen! there is no evidence 
that the finished polymer carries any risk.

- Anonymous
“ NEW VINYL CHLORIDE-EXPOSURE REGS DRAW FIRE.
- CARC/74/02003
-Oil Gas J! 72(40) -’52 1974
- ENG
- Industry reaction to the Labor Department's new vinyl chloride 

exposure regulation, which sets levels of 1 ppm averaged over an 
8-hr period, are summarized. It will become mandatory for 
workers exposed to more than the 1 or 5 ppm (for any 15-min 
period within the 8-hr time span) levels to wear respirators. 
Industry questions its abilitv to meet the level of 1 ppm in the 
time specified and is seeking remedies through the judicial 
process. The standard also calls for regular monitoring of plant 
air, reqular medical examinations for workers, and the setting up 
of regulated areas where vinyl chloride exposure is high.

- Schanche DA
- No affiliation
- VINYL CHLORIDE: TIME BOMB ON THE PRODUCTION LINE.
- CARC/74/01S9S
- Todays Health! 52(9):16-1970- 1974
- ENG
- The dangers of vinyl chloride, which are beginning To be 

uncovered as a result of the deaths from angiosarcoma of the 
liver of at least 20 American and foreign vinyl chloride workers 
are reviewed together with measures being taken bv various 
companies and government agencies To limit exposure to this 
carclnoqemc gas. All of The occupat icnally related deaths 
occurred in men who had long-term exposure (from 12-20 yr) to 
extremely high concentrattons of vinyl chloride. The deaths from 
angiosarcoma of three women in the Buffalo-Niagara Falls area 
have also been attributed to vinyl chloride in the air, 
apparently caused by pollution from a nearby Goodyear Rubber 
factory. An emergency exposure level of 50 ppm has been set by 
the government. The National Institute for Occupational Safety 
and Health has urged the labor department to reduce its vinyl 
chloride emergency standard permanently to 'no detectable level'.

- de Engelse L ; Emmelot P 
Netherlands Cancer Inst., Amsterdam
THE CARCINOGENIC PROPERTIES OF VINYL CHLORIDE.
CARC/74/01803
Chem Weekbl! 70(28/291:5 1974 
OUT
Recent studies on the careinogenicity of vinyl chloride and 
related legislation are reviewed in the light of The
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significantly increased incidence of angiosarcoma of The liver in 
workers exposed to This compound in the air of polyvinylchloride 
(PVC) plants. A total of 19 cases of angiosarcoma of The liver 
have thus far been detected in workers exposed to vinyl chloride.
Angiosarcoma of the liver and other tumors developed in rats and 

mice exposed To 250 and 50 ppm concentrations of vinyl chloride 
for A hr/day> 5 days Aik> for several months. These findings have 
prompted a reduction of the maximum permissible concentration to 
50 ppmi but a further reduction of this limit appears necessary. 
Extensive epidemiological surveys on The incidence of liver 
injury and liver tumors among active and retired workers in PVC 
manufacturing plants> and experiments on the carcinogenicity of 
vinyl chloride at concentrations lower Than 50 ppm are being 
conducted.

79 AU - Gutsche W ; Jungstand W ; Wohlrabe K I Fischer GW ; Lohs K 
AD - Cent. Inst. Microbiol. Exp. Then., Jana> E. Germany 
TI - CYTOSTATIC EFFECT OF VINYL-SUBSTITUTED NITROGEN MUSTARD AMMONIUM 

SALTS AGAINST TRANSPLANTABLE TUMORS IN AN AUTOMATIC PRELIMINARY 
TEST AND A SEQUENTIAL TEST.

SI - CATH/72/01490
SO - Arch Geschwulstforsch; 39CZ ):121-127 1972 
LA - GER
AB - Several 2-vinyl substituted derivatives of

methyl-bis(2-chloroethy1 Ivinyl ammonium chloride were tested for 
their effectiveness against Ehrlich ascite3 carcinoma (EAC) in a 
partially automatic preliminary Test in which an electronic 
particle counter is used; in a previously described sequential 
Testi they were also tested im against sarcoma 100 P(Sa 180 P), 
ip against a transplantable myeloid leukemia (LAJ I) in ABAFill 
micei and sc against Walker 256 carcinosarcoma Ota 256) in rats. 
Substituents were benzoyl, p-toluoyl. p-fluorcbenzoyl> 
p-chlorobenroyl i p-bromobenzoyl> and p-metnoxvbenzoyl. 
Acceptability criteria were a right shift of The frequencs' 
distribution of tumor cell volumes and reduction of number of 
cells per ascites wol in the EAC pretest> a >50/ increase in 
survival period for LAJ I, a reduction in tumor wt by >35/ with 
respect To controls for Sa 180 Pi and a >90/ reduction in tumor 
wt for Wa 256. All the compounds were highly effective against 
EAC. All except The p-bromobenzoyl derivative were effective 
against LAJ I, The benzoyl i p-toiuoyl> and p-methoxybenzoyl 
derivatives exceeded acceptance criteria with Wa 256 as did the 
p-chlorobenzoy1 derivative with Sa 130 P, The p-toluoyl 
derivative attained a therapeutic index for LAJ I that was 
comparable to that of cyclophosphamide, and the p-fluorobenzoyl 
derivative exceeded it; the 2-benroyl derivative was as effective 
as cyclophosphamide against Wa 256. (15 refs)
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