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Health Effects of Vinyl Chloride Monomer:
An Annotated Literature Collection

by Helen Warren™ and James Edward Huff"

Introduction

In January 1974, the report of the deaths of
four workers in the vinyl chloride—poly (vinyl
chloride) (VC-PVC(C) industry from rare angio-
sarcoma of the liver triggered one of the most
intensive epidemiological and toxicological
searches in the history of industrial medicine.

The monomer, vinyl chloride, CH. = CHCI,
a colorless gas with a faintly sweet and pleasant
odor, is presently produced at an annual rate
of 5§ billion pounds in the United States. First
synthesized and investigated in Germany in
1835 by Regnault, VC did not enter the indus-
trial category until World War II, when
its polymerization capabilities were recognized
and rapidly exploited. The polymer, PVC, a
powdery white crystal first produced commer-
cially in the United States in 1939, now forms
the basis of a vast plastics industry with an
average annual growth rate of 14%, a 1973
production level of over 4 billion pounds, and
an employee roster of approximately 350,000
people.

The reactive monomer is suspected as the
toxic agent and carcinogen. The point of great-
est worker exposure is in the polymerization
processes. Hand-cleaning of polymerization re-
actors was established as a causal factor when
acroosteolysis, one of the symptoms of vinyl
chloride disease, developed among reactor
cleaners in the 1960s. Since that time the in-
dustry has sought to improve processes and
curb losses of the monomer, but investigations

* Biomedical Sciences Section, Information Center
Complex, Information Division, Oak Ridge National
Laboratory, Oak Ridge, Tennessee 37830.
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by the Environmental Protection Agency’s
(EPA) Task Force confirm that an excess of
200 million pounds of VC and over 50 million
pounds of PVC are discharged into the envi-
ronment each year. A document entitled, “Pre-
liminary Assessment of the Environmental
Problems Associated With Vinyl Chloride and
Polyvinyl Chloride” by the EPA Task Force
is included in the literature compilation.

On October 4, 1974 the Occupational Safety
and Health Administration of the Departmerit
of Labor published a new Standard for Ex-
posure to Viny! Chloride which was to take
effect January 1, 1975 but was postponed, pend-
ing appeal by the Society of Plastics Industry to
the Supreme Court. It set an exposure limit of
1 ppm averaged over an 8-hr period with a
ceiling of 5 ppm averaged over any period not
exceeding 15 min., The Federal Register notice
of this Standard includes the background of
the problem, and carcinogenicity findings, as
well as the scope and feasibility of the standard,

Literature . e

The literature on VC has proliferated rapidly
as the concern and resources of science, medi-
cine, labor, industry, and government have been
mobilized to elucidate mechanisms of VC
toxicity as well as real and potential exposure
hazards. The scientific community is striving to
formulate, in the context of vinyl chloride, an
index to the risks inherent in an ever-widening

circle of chemicals, industries, processes, and

exposed populations.
Two major conferences have been held this
past year: the New York Academy of Sciences’
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“Toxicity of Vinyl Chloride-Polyvinyl Chloride”

.convened on May 10 and 11, 1974 with pro-

ceedings in Volume 246 of Annals of the New
York Academy of Sciences and the National
Institute of Environmental Health Sciences’
“Public Health Implications of Components of
Plastics Manufacture” on July 29-31, 1974

resulting in this Issue of Environmental Health

Perspectives.

Our compilation of annotated literature ref-
erences is directed toward the health aspects
of vinyl chloride with a few key historical and
analytical references included. Annotations
were prepared from the published reports ex-
cept for a few instances in which time did not
allow their acquisition or translation: in these
cases, the abstract source used is noted with
the citation.

Until 1960 literature detailing the toxic
effects of vinyl chloride was sparse; more re-
cently, however, the number of published re-
ports has risen sharply. This trend is noted in
the selected reports of this compilation: 1835~
1959 (125 years), 17 reports; 1960-1969 (10
years), 43 reports; 1970-1974 (5 years), 102
reports.

Major sources of references in the compila-
tion include:

Abstracts of World Medicine, 41:
(1974)

Atlr Pollution Abstracts, 2(5): (1971)-5(6): (1974)

Biological Abstracts, 1: (1926)-58(12): (1974)

Chemical Abstracts, 21: (1927)-81(11): (1974)

Chemical Titles, No, 1-14 (1974)

Ezxcerpta Medica, Section 16, Cancer, 23: and 26:
(8) (1974)

Current Journals

MEDLINE Data System

TOXLINE Data System

Oak Ridge National Laboratory Data Systems

The reference collection has been made a part

(1967) 452
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of the data base holdings of the Oak Ridge
National Laboratory’s Information Center
Complex and will be updated as the literature
accumulates.
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Abstracts

<1

Allen, T.H., Spacectaft atmosphaves. Part II.
Contaminants,, Environsental Blalogy, Altsan, P.L.
and Dittmer, D.5., (2ds.), Ped. Aaec, Soc, 2xp.
Biol,, Betheszda, AD Section No. 82: 326 {1968).

puring Nercury space flights, sicrocontasinants vere
collected by sorption on carbon and later saparatad
and {dentified. A concentration up to 3 ppms (if
di=zpacsed at one tise throogh the cablo volose) of
vinyl chlorlde was collectad, Construction
saterials vere the chief source of coatasination.

DEGRADATION; DEPOLYASRIZATION

€2
Amarizan Conference of Governeantal Industrial

- Rygienists, vinyl chloride., Docusantation of the

Threshold Lislt Values., Aserican Confereace of
Govarnmental Indastrial Hyglenists 3ri. ed,:
pp.277-278 (1971).

The Threshold Liait value (TLV) for vinyl chlorlide
(YC) 1s 200 ppa or approximately 770 ag/mld, The gas
is flameable vith anesthetic propertias at
concentrations of 8 to 12%, At this laevel, YC
causes cardlac arrhythalas and sansitization 1in
doga, Lethal concentration is 30-30%. <Zxasilnations
by Antchler and Krawer of 97 vC vorkars betvean 1950
and 1967 falled to diszover any overt condition dge
to vinyl chloride, 5ix clinical paraaeters vare
altered, hovaver. Alterations in beta lipoprotein,
lcterus index, and bhromosulfaleln retention tiee aay
have physiologlc signlficance. A tiae<velghted
avaragse of 300 pps could reault {n liver dysfunction.

STANDARDS; OCCOPATIONAL ZXYPOSUREZT; HUMAN; LIVER;
CARDIOYASCULAR; DOG

<>

Anghelescu, P.; Otolu, H,; Dobrinescu, E.;
Hagi-Pacraschiv-Doxsios, L.; Dobrinascu, G.; Ganea,
Y., Consldevatii clinico-patogenice asupra
fenomanalul Raynaui la euncitorli din industria
policlorurii de viall. (Clinlco-Pathaqgenic
considerations on Raynaud's phenaosenoa in the
enployees of the polyvinyl chloride ladustry.), Bad.
Interna 21:; #473-482 (1969).

Pight asployees in the vinyl chloride industry
arhibited Raynaud's phenossnon Ln both hbands and, in
] casaa, {n the toes, nicroasdules vece preasent on
the back sides of the hands in 3 cases.
Acroosteolysls was detectad by radlology.
Vasosotricity and thersorequlatory disturbances vere
found, vith 6 of the patlients sub~febrile, On
changing fobs the phenomenon disappeared in J of the
patients and persisted in attanuated forw ino the S
others. Evident Llmprovesant vas obtalned by
quanethidine sulfate--an antihypectansive agent,

Ros.; Eng. Soanm,

RAYNADD'S PHENONENON; ACROOSTEQLYSIS; BONE; SKIN;
OCCOPATIONAL EXPOSORE; ROMAN; CARDIOVASCULAR;
THERAPTY; CASY STODY

<ay
Anonysoas, Yinyl chlorlide at solecular level., 5Sci,
Nevs 106(5 : 71 (1973,

L recent conferencc emphaslzing vinyl chlorlide
wonomer vas conducted at Piloehurst, ¥C by the
National Inatitute of Znvironmental Health Sclences,
This timely gathering of reasarch lovestigators

from colleges and univeraities, plastics and
cheaical industries, and governmeat agenciesx
interchanged the most recent knovledge about vinyl

- chlovride effacts on the husan body and the sagnitude

of the plastics probles.

CONPERENCE; XIZAS

<5
lnonyeoys, WYhite fingers,, JAAd 215(%) : 631 (1971,

June 1975

1,G. Raurice Raynaud pablished his treatise oo the
condl tion nov known a3y Raynaud's phenomenon in 1862,
Interwittent color changes {n fingars and toes are
eliclted by exposure to cold or by asotion, and may
be prlwary or secondary to nearovascalar
disturbances, organic vascular disease, cold
injories, cold agglutination of erythrocytes or
cryoproteinesla, torxins sach as arsenlc, ergot,
nicctine, or lead, or =ay be of trausatic origla.
Both toxins and trauma are lsplicated is the finding
of Rayoaud's phenomenon and acroostaolysis in the
polyvinyl chloride indaostry. This editorial launds
the cooperation bhetveen industry and tha sadical
profession in meeting their responsibilities tg
vorkers in thix instanca,

RAINADD'S PHIZNOMZXON; OCCOPLTIONAL EXIPOSURE; REVITV;
EPIDEMIOLOGY; ACROOSTEOLISIS

<6>
Anonysous, Vinyl chlovride to get eaiasion standard,,
Chew. Ing. Mavs 52(38): 6-7 (Sept. 23, 1974).

Although no sclentific evidence indicates that winyl
chlerlde welssions into the atwosphare pose a hazard
to geople living near the vinyl chloride and
polyvinyl chloride tesln sanufactucing plants, sose
hazard does exist. ZPA estizates that 200 million
pounds of vinyl chloride and 50 slllion pounds of
polyvinyl chloride are discharged annually into the
environaent, Presantly available tachnology could
reduce emissions froe chloride resin plants by 75%,
and from vinyl chloride plants by 99% vith a
resulting increasa {n cost of about 4% per pound.

STANDARDS; ¥ON-OCCUPATIONAL EZXPOSOR?Z

<>
Lnonysous, Hov hazardous to health iz vinyl
chloride?, Jada 228(V1): 135%, 1343, 1364 (1974,

froduction vorkers, varchouse vorkerz where vinyl
chloride {3 stored, and vorkers of fabrication
installations using %he polyser, all risk liver
dasage frow vinyl chloride. vinyl chloride disease,
in addition to liver dasage, can {nclude damaged
pulmonary function, thrombocytopenia, enlarged
splean, axcessive prodiction of iazature
erythrocytes, acroostaolyais, and Raynaud's
phanocsenon In the hands. the usual battecy of liver
function tests do not rellably detect the pariportal
fihctoxis that precedas saccosa 3rowth, The livaer
does not return to nocmal for 2.5 years after the
vorker chasges jobs and iz resoved frow e¢xposurae,
Zlevan cases of hepatic anglosarcosa have bean
discovered in retrospective ifnvestigations;
additionally, one child of an angissarcosa patient
has daveloped a priwmacy hepatosa. Zighty percent of
Goodyear vorrers eraslned by the teas fros fit. Sinal
School of Medicine shoved some avidence of pulmonary
obstructive disease after 20 years axposure to vinyl
chloride fuaes. 1In a biochesical survay of Goodrich
vorkets in loyisville, no aignificant chanjes wvare
observed for serum lavels of lactic dehydrogenase,
alkalioe phosphatase, bllirubin, oc 560T. Hovaevar
66% of the workers, compatred vith 0.02% of a general
hospltal population sasple, bad alevated lavels of
factor IV of lactlc dehydrosenaza. 1in exparisental
blle acld claarance test ralsed hopes of a screening
test for vinyl chloride hepatic fibroais, Extensivae
prospactive-retrospective studies of polyvinyl
chlcride wvorkers have beguo. .

LIVER; DIAGWOSTIC: HUsmAR®; OCCUPATIONAL EXPOSORZE;
BIOCHEAISTRY:; LUNG; ACROOSTZIOLYSIS: 3ATMAUD'S
PHERONENON

<8>
Anonymous, PYC dangera baing atudled,, J. Envigron,
Health 37 (1): €7 (1973) .

On Pebtuary 12, 1973, the Watfonal Institute of
Occupational Safety and Health (XI105%) sponsorad a
briefing for sanagesant anod labor representatives
from the vinyl chloride and polyvinyl chloarlide
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€8> CONT.

industries, AIOSA presented plans for development
of recommended =atandards, medical survefllance and
rexearch prograss, industryvide epidesiologic
studies, and additlonal toxicologleal
investigations. B.rF, Goodrich Co, raported that
they have increased safety activities and reseacch,
reduced exposure levels below S0 ppm on a
tine-velghted average, installed nev aquipaent,
developed advanced sonitoring systess, and
instituted a safety education progras for esployees,
NI1058 in Cincinnat! ix directing an epldesiologlical
study which ix probably the mosat inteose la the
3-year history of the organization,

OCCUPATIONAL BXPOSORE; STANDARDS
<9>

Anopymous, Spectrua;
Environment 15 (5):

Nevs of the nopth.,
22(1973) .

Liquer in polyvinyl chloride bottles vas tewporarily
banned hy the Pood and Drug Adminlstration (FOA)
hecause contasination up to 20 ppa vinvl chloride
sonomer vas discovered. FDA is requirad by lav to
set tolerances on packaging wmaterials contasinating
tood and beverages. Abodt 30 American distillers
have uxad the plastic containers for up to 4 years,

and msust nov prove the inadveryent sdditive harsless,

POOD: HOMAR

<10»

Agopnywoys, Preliainoary economic lepact stady says vC
sonitoring to cost $100,000 per plant,, Tox. Mat,
News 1(13): 100=-101 (1974).,

tatimated costs for the vinyl chlotide monomer (VCRH)
industry to aeet a less than 10 ppe VOB level, and 1
to % ppa time-veiqhted average, vill 1npunt to
0.42¢/1b; a SO ppa level will add .073¢/1h. 1In the
polyvinyl chlocride {ndustry, estlsates range fros
0.72¢/1b to meet a S0 ppa YCK ceiling to 2.73¢/1b to
aeet a 25 pps VCH celling with a 10 to 15 ppa
time-veighted avevagqe, Protective clothing costs
range fros $3.%0 for a dispesable sujt to $178.00
for & pressurized vorkx suit vith air aasx.
fonitoring equipwment will average $100,000 with
operating etpense of 0,000 yearly plus up to
$20,000 for awploysent of a chealst, Total annual
cost for medical exasinations based on NIOSR
recosaendations vill]l asmcunt to $160 par employee.

OCCOPATIONAL EXPOSORE; HOMAN; DIAGNOSTIC; STANDARDS:
ECONORICS

<11y
lnonysous, Vvinyl chloride and cancer., 8rit. sed, 3.
1(5908) : S90-59t (1978),

Thix editorial revievs zowe aof the current
li{teratore relating anyiosarcoaa of the liver and
vinyl chloride, Both homan epldemiology and apimal
exporisental data substantiate the causal
telation=ship, Industrial cancer say become a
recurrent probles until both old and nev substances
are =creened. TPeaxibility of erasining coasercial
substances for carcinogenesis is lisjted hovever
because of 1} lack of trained personnel and
facilities, 2} erpenze of anismal tests, and J)
presence of imporities vhich in thesselves could be
careinogenic.

REYIEW: OCCUPATIONAL EXPOSORE: HOUAAN; CANCER;
ANGINSARCONA: CASE REPORT

<12» .
inoaywous, Yinyl chloride - the drive to reduce
saploywe risks., Chesecology (Sept. 5, 1974).

vinyl chloride (vC) and polyvioyl chloride prodocers
have reported to the Occopational Safaety and Health
lasociation that a zerno YC erposure lavel la
onfealistic vith present technology. Industry is
operating usnder a 50 ppa lipit uatil a persanept

standard {s announced oo Octobec S, 1970,
Manufacturing operations are separated by distancae
for safety reasons; therefore, the emissions
problea i3 spread aver o large plant-site. ¥earing
resplrators fyll-tiee is neither safe nor feasible,
"Corrective actions undervay inclule installation of
V). Saquential monitoring systews that vill
constantly record vinyl chloride levels in all
areas; 7). Organic vapor analyzers to detect aingte
leakXs; 3). Inproved pusps that reduce leakage; u).
Better ventilation systess; %), Cleaning equipmeat
that reduces the peed for votkers to entec reactors,
and 6), Manifold systems to supply respirators
during esergencies.” Content of VC {n polyvrinyl
chloride is being lovered. Automated, clozed
systeas vith cosputer controls to lover YO levels
are being lastalled at a nev plant, but actual
levels vill not be known untlil ald- 1975 when
production bhegins,

OCCUPATIONAL EXPOSUREZ; HUXAM; STAKDARDS

<13y
Anonymous, Vinyl chloride., Hygienlc Guide Seriles
July-August (1964).

Revieved briefly are hygienic staandards, roxic
propecrties, industrial hygienic practice, and
esergency medical treatment. Recomsended warimal
atasospheric concentration of vinyl chloride for 8
hout erposure is 500 ppa. Basgad on S5-#inute
erposute studies vith humansz, 14,000 pps produced
vatrying degrees of intoricatiop wvith
lightheadedness, nausea, dizziness, and dulling of
visual and auditory acuity. Anaesthesia vas the
only significant effect of vinyl chloride ino human
inhalation studfes, but it vas an f{rritant to both
skin and eyes. Pire aod explosion are major
industrial hazards.

HUMAN: RAT: MICE; GOIWEA PIG: TOILICITY: INDUSTRIAL
HYGIENE; SAPETY; EXIPLOSIVE: STANDARDS; PEOPERTIES:
REVIRW

C1uy

Anonymous, ¥e produced over 13 willlon tons of resin
in *737 Vhere is it? Hov about '747, nmodern
Plastics S1(1): 36=-47 (197u).

The United States plastics industry qgrev by 100% {n
the seven-year pariod 1967-1973,
(PYC) held the third larjest sarket in 1973,
exceeded only by polyethylene and polystyrane.
Building and consttuction industries vere the
larqest consuyaers of PYC, vith condults, flooriag,
electrical viring, and furniture using approziwately
1/2 of the total produced. Producers vere plagued
in late 1973 by feed stock shortages, the oil
eabarqgo, high forelgn prices, phase 1Y conttols,
black markets, and a depressed building indusery.

HANUPACTORE: RCONWOMICS

<152
iropymous, Polyvinyl chloride banaed in Japan., JiAai
229(7)y: 855 (1974).

9inyl chloride bas been banned as a propellant for
aerosol insecticides and forsicides by the Ainistey
of Aealth and Velfare of Japan. All products
containing the sonomer have been recalled. VYinyl
chloride is suspected of being carcinoqenic to the
liver, and an issunologlcal reaction hasx alas
developed in some people,

AEROSOQLS; CANCER:; LIVER

<16
Anonywous, Cancer and vioyl chloride., Jimi 228 (6):
686 [197%) .

Any physician vho has encountered patients suftaring
from aoglosarcosa of the liver la the last 10 years
is orged to contact the Conter for Disease Coatrol,
Bldg |, Room 520, Atlanta, Gi, 30313 (Telephone 4Qa

Environmental Health Perspectives
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<16> CONT,

633-3311, Ext 3961) . A survelllance registry has
been astablished there by tha Yational Inatitute for
necupational Safety and Health and the dureau of
tpideniology of the Pederal Center for Disease
Coatrol for alding In epldasiologic studies of the
possible relationship betvean hepatic anglosatcoma
and exposure to vinyl chloride.

FPIDZMIOLOGY: OQCCUOPATIONAL ZETIPOSORE; AYGIQSARCOMA:
LIVER

<17
Anonysous, Vinyl chloride.,, Matheson Sas Data Book,
Hatheson Co., Inc., 4th ed.: a83-492 (1946).

Yinyl chloride (VZ) is less hacaful than chlorofora
and carbon tetrachloride and is similar ia toxicity
to ethyl chloride, 9¥C causes dlzzliness as a
warning, except in very high concentratlioas, vhich
cause almost {wmedinte helplessness. In such a
caxe, a physician should be suzaoned iasediately,
and the patient should he resoved to an
uncontaslnated, vell-ventilated roca vhere the
patient can be Xxept quiet and coafortably vara hut
not hot. In case of sxin contact contazinated
clothes should be reaoved, and the affected area
vashed vith coplous quantities of vatar, folloved by
s2ap solutlon, Fyes should be irrigated vlth
copious quantities of vater for at least 15 minutes,
vith the eyelids held apart during tha irrigation to
insure contact of the vater vith all tissues of the
eyes and 1ids, An eye speciallst should be
consulead,

EYZ; SKIW; WARCOSIS; THERAPY

C1A>

Anonyaznus, Vinyl chloride,, Aanual of Harardous
Chewical Reactions, National Fire Protection Assoc,,
Boston, HMaas, 4918; 292 (1971),

Vinyl chloride is oxidized by ataospharic oxygen in
the presence of any of a varlety of cantaalnants to
An unstable polyperoxile vhich increases under
storage to hazardous lavels. fanufacturing
Chealsts' Assoclation Zase History 1551 in 1969 is
cited.

SAFETY; EXPLOSIVE

<192

Anonyaous, Epidemiologlc notes and reports:
Anglosarcoma of the liver asong polyvinyl chloride
vorkers~-Kentucky, Morbidity and sortality veakly
Report, Center for Disease Control, Atlanta, Ga,
23(6): u9-50 (1474).

rour cases of anglosarcoma of the liver wete
diagnosed asong male eaployees of a polyrinyl
chloride polymavization plant near Louslville, KY.
All had vorked continuously in the polysmaerization
process for at least 14 years prier to jllness.
Pathologic exawination revesled extensive
non-alcoholic cirrhoais {n addition to angiosarcoama
in all @ casas. The possibllity of a vork-related
carclnogan, conceivably vinyl chloride, {3 being
studiad.

ANGTOSARCOMA; CASY REPIRT: DCCOUPATIONAL EZXIPOSORE:
EPIDEAIOLOGY; MORTALITY

£20>
Aoonysous, Tracking down & carcinogen,, 4D (Aadical
New=magatine) 18(8): 89-51 (1974}

Yinyl chloride (VC) wvas flrst used in manufacturing
plastics in the 1930x. Soviet researchars noted
liver damage in 29X of vC vorkars in 1939, A
threshold lisit of 500 pps vas astablished ia tha
0354 and vax not changed desplte desonstration by Dov
Chewlcal Cospany in 1961 that 50 pps caused liver
daaage in animals. Acroosteolysis of the bands and
feat vas obsterved in thae 1960x {n Frasce and Great
Britain and fia the Goodrich plant in the USA, In

June 1975

1970 Dr, B.L. Tiola in Rome found that crats expossed
to high cencantrations of ¥C davaloped cancers,
vhich vas verified by Dr. C., Naltoni{ of the
University of Bologna. Dr. Haltoni notified the
Manufacturing Chealats issociatiea in 1972 but ao

action vas taken. Ia January 1974, 8.7. Goodrich
aada public the death of 4 ¥YC vorkers froa
anglosarcoaa of the liver, thought to be caused by
C. The EZnvironzental Scieace laboratory, headad by
Dr. I.J. Sellkoff, lamediataly orqanized a 17-asesber
taas, vhich by sidsuaser had slready given dotailed
axssinations to over 1200 YC wvorkars, Hepatic
fibrosis, which aay possibly precade angiosacecea,
is difficule to diagnose, but an experimeantal hile
acid clearance test may be halpful. Lung functioa
tests shoved obstructed alcwvays in 80% of een with
20 yrs exposure, Slnce ¥C i35 used as a propallent
in aerosols, these products have bean recalled or
the sale banped, EPA has detected ¥C in air
measutresents, and urged reduction of these alr
levels. The Labor Departsent sat 4 teaporary level
nt S0 ppa in vorkrooss, byt manufactyrers vant a
gradual reductlon in the standard to reach a daily
avegage of 10 ppa by October 1976,

STANDARDS; ANGIOSARCOMA:; QCCURATIONAL EXPOSORE;
AEROSOLS; AMNALYSIS; ACROOSTEOLTSIS

€21>

Anooywous, Labels and code nuebers of products
contalning vinyl chlogide recalled by
r1apgtacturera,, rood and Orug Adainistratlon Press
Release 74-2). 12 pages (april 3, 1974).

The Food and Drug Adsinistration initiated actlon on
April 3, 1974 to Llnsure that viayl chloride (¥Q) is
not used {n any asrosolized food, drug, or cossetic
prodact. Uae of 7C in aerosol products regulated by
PDA 1s ainfeal, and FDA 15 unavace of its use {n aoy
food product, or in any aerosolized cosaetic or drug
product at present. Manufacturers vho pceviously
used VG as a propellant are requested to vithdrav
the products still on the market. Aanufacturers are
requested to identify products containiag YC, and a
l1isting of such products, vith their code nuabars {5
appended. A ban is proposed for PYC as a packaginog
material for alcohol-containing food or beverages
and PYC contalners for othar food are under
investigation.

AEROSOLS; COSMETIC; DRUG; REGULATION -

22>
anonymous, Yinyl chlacide, P.7.¢,, and cancer.,
Lancet 1(7870): 132)-1324 (1974).

A vinyl-chloride-relatad case of anglosarcoma (n
£ngland {x cited, the Deparctsent of Employsent
Factory Inspectorate has set an interis upper liafe
for exposure to vinyl chblocide (vC) with waximun
tine-veighted avaraqe <¢xposure of 25 pps.
manufacturers have poolad experlance and resoycces
in a quidance document for polyvinyl chloclda (PYQ)
prodocers. The asount of unreacted ¥C vhich might
be released from PYC i{n storage, during heating,
during coapounding, in fabrication processes, or
from food packaging is unkaown. All cases of
anglosarcoma knovn to date resulted froa 12 to 27
years axposuge in PYC smanufacturing plaats.
plscovery of health hazards has resulted in efforts
to protect employeas. The curcent VC eplsode 1x a
nlilestone {in industrial bhyglepe vhich wust resule in
a4 wor# syatematic evaluation of {ndustrial chemicals
for carclnogenic risx to vorkers.

QCCOPATIONAL EXPOSORE; AKGIOSARCOMA; CANCER;
STANDARDS

<233

Anobnywous, Yinyl chloride., Chaw Sources - #.5.1.,
Directories pPublishing Co., lac., Flealngten, w.J.
(197u4) .

Listed sources of vioyl chloclde in the Uaitaed
States ia 1974 are: Allied Chemical Corp.; Asacicas
Chealcal Corp.: ilcr Products and Cheaicals, [oc.;

o
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<23> CONT.

B8.r., Gaodrich Chendcal Co.: Borden Chamlcal;
Continental 011 Co,; Dlasond Shamtock Corp.: Dov
Chenical Co.; Bthyl Corp.; Goodyear Tire ¢ Rubber
Co.:; Matheson Gas Products; Precision Gas Products,
Tne,; PPG Tndustries; Scilentiflc Gas Products of Nev
¥ngland; Sclentific Cas Product=; Shell Chemical
Co.: Tenneco Chealeals, Inc.; Onion Carbide Corp.;
Uniroyal Chealcal,

RANUPACTORE -

<24y
Anonymous, More facts on vinyl chloride and cancer.,
srit. Med, J. u(S59u3): 4B6-u4BT7 (1974).

¥inyl chloride (¥C) is nov knovn to induge tumors in
san, and has been shown in aniocals to cause cancer
at ezposures of S0 ppa, 4 hryday, S days/vk. 9C has
caused tuamors in aniosal tissues other thanm the
liver, but has not yet been proven to do so in wman.
Concentrations of ) to 2 ppm VC have been found in
asnbient alr near factorlez producing ¥YC3; 200 ta 400
poa may be present {n manufactured polyrinyl
chloride (PVC): 0,5 to 20 pps if processed pvC
plastic; and swall asocunts cay be transfecred into
foold from PYC packaginy or into wvater through PpyvC
pipes, Potential and real hazards to the general
population through these lov erposures, and the
possibility of huazan tusors ather than angiosarcoma
of the liver, wmust be determined,

NON-QUCCUPATIONAL EXPOSUPE; RAT: RICE; HUNANN:
CARCINOGENICITY

£25>

Anonreous, Angiosarcoma of the liver in vinyl
chloride/polyrinyl c¢hloride vorkecrs,, J. Occup. fed.
16(2): 809 (Dec. 197&).

Meabers of the wedical community in the United
States and abroad are requested to tepact
inforaation on knovn or suspected casas of
angiosarcoaa of the liver to Dr, J. ¥Va, Lioyd,
Director, Nffice of OccGupational Health
Surveillance and RBloasetrigs, HIOSH, 5607 Pishers
Lane, Roowm 3-32, Park Bullding, Rackville, 8D,
20852, Twventy-sixz cases have been reported to date
from 6 countries: Sizteen from the OJnoited States; 2
Czechoslovakla: 2 Great Britaln: V' Nocway; 2 Sveden:
3 V., Germany, Cases have been veported from 4
distinct vork areas, but 81% had waorkad as reactor
cleaners. The median interval fros first exposure
to diagnosis is 20 yvears,

EPIDEMIOLOGY: AMGINSARCOAMA; CASE® REPORT

$26>
Antooyuzhenko, V.A,, Occupatliomal vinyl chloride
poisoning,, Glg. Tr. Prof. zabol, 12: 50-52 (1968).

Mmanifastations of polsoning by vinyl chlorfde
wrhiblt generally three phasaz. Only at the first
phasze, in vhich osteoporotic and osteascletotic
sysptomas appearl, is the disease fully reveraible
after discontinued contact vith the toxlc factor.
The sacond phase is not easily characterized, but
there {3 a hlgher involvesaent of the lnvoluntary
nervous systea, vith disturbances in volition and
motivation, Vascular parorysas acquire a 2-phase
chatacter, changling frow spasa to atonlc, and there
may be cardiac archythaia, systolic disturbances,
and paln in the haart regqion. Stage 3 is
characterized by depression, hallucinations,
fosomnin, and speech and eve distucrbances asm
diagacatic Indicatlons of primary dlsasase of the
brain ates,

Ruas,
BRATX; KEUROLOGICAL; CARDIOVASCULAR; TOYTCITY
<27>

Arecas, J.8., Iofrated analysis of gases acd vapors
in axpired alr,, Poisoning., Charlea C. Thomas,

256

Springfield, Illincis 2nd ed., 66-67 (1970) .

Breath analysis {3 a rapid analytical method for
dlagnosis of solvent poisoaing or ezposure. It i3
sufficiently sensiti{ve to permit detaction haurs to
veeks after ezcretion, depending on amount absorbed,
rate of wetabolisws, and rate of arcretion. An
ercretion curve after exposure {1 comwpared to
controlled excretion curves to arrive av an '
eztimation of total amount absorbed. An infrared
sensitivity of 10 ppe vinyl chlagidie in
post-exposure exvitved alr {5 roted, but 5 to 10
timea thils amog~: aust be present to aiiuis 2
positive 1dentiizration, The iofrared analytical
vavelength {s 10.63 sicrons., vapor phase
chromatographic sensitivity ta vinyl chloride vas
0.1 ppn,

ANALYSIS

<282

Aviado, D.A.; Balej, N.A., Toricity of aerosol
propellants on the resplratory and circulatory
systess. I, Cardiac arrhkythela in the souse.,
Toxicologqy 2: 31-82 (1974},

Pifteen propellasts usad {n aerosols vere
investiqated in anesthetlzed mica, and grouped into
three classes according to thelr toxicity. The
propellants of Clas=s I, la vhich vinyl chloride (¥C)
is included, induce arrhythuia {n the mouse and
sensitize the heart to eplnephrine Ia both the mouse
acd doqg. A 9% concentration of VC sensitized the
heatt of unanesthetized dags to epinephrine. Ten
percent vas required to sensitize the anesthetlized
wouse to eplnephrine, and 20% to induce arrhythala
in the aouse. Class I propallants are assessed asx
danqerous, and thelr continued use in aerosols is
questioned,

AEZROSOLS; HUARAN; MICE; DOG; CARDIQOVASCULAR

€29

Baretta, E,0.; Stevact, R.D.: Mutchler, J.E.,
monitoring exposures to vinyl chleride vapor:
Breath analysis and continuous air saspling., Auser.
Ind. Ayg. Assoc. J. J0: 537-544 (1969).

Ao environmental survey, featuring continuous
nyultipoint air sampling and analysis usiag an
infrared spectrophotoseter, vas conducted to
deteruine the time-velghted asvarage exposure (TWi)
of a group of chemical plant vorkers to vinyl
chloride vapor. Concurtently, & breath saspling
proqram rasulted in a series of derived breath dacay
curves relating post-exposure breath concentration
to vapor exposdre., Results achleved from the two
sethods suggast that slther costinuous adirc
sonitoring or breath analysis isx valid for
estisating a vorker's {ndivideual daily exposucs ta
vinyl ¢hloride, Breath analysis ix a useful
technique for evaluating vapor exposuce.

QCCUPATIONAL EIPOSORE;: HUMAMN; LWALYSTS

<30>

Barrc, R.P.; Watex, A., Diffusion of some orqganic ana
inorganic compounds {u alr., J. Ches, Eng. Pata
17(1): 85-46 (1972).

Diffusion coefficienta in air for sevaral cospounds
including vinyl chloride (¥YC) vere daterained at
298.2 dagrees K azd ! atmosphore by meanx of an
infrared absorption cell fitted with a =ide
capillary opan to the atsosphers, and placed {o the
bean of an infrared spectrophotosater. Vinyl
chloride vith a coefflclent of 0.1225 plns or nisus
0.005) had a deviatics larger than the &verage of
the group, mainly becagse the frequency of tha
fnfrared peak used to follov the YO vas {p the water
region of the spectrus (1620}, and relative hueidyrey
in the laboratory ranged frow $3-56%.

PROPERTIES
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<31>
pacc, R.J.: Bonin, %., Polyvinyl chloride: Letteg

to the rditor., JAnA 231(9): 918 (1975).

In & case of proven primary hesasglosarcoma of the
liver, a staln for acld sucopolysaccharides (Alcian
blue; pdH, 2.5 gave strongly positive results in
sactions taken frow the liver. This is consisteat
vith an increase in the production of sulfated
aacopolysaccharides (chondroitin sulfate 1, B, C).
Qoality and quantity of acid aucopolysaccharidex {n
aacplases, seraa and grine of those at risk could be
of value in screening tests.

DIAGNDISTIC; CARCINOGENTICITY; LIVER; LETTER

<12>»

Basalaay, A.V., (Experience vwith the am of
larqe-frase photcfluoragraphy Lo eraaziniag skeletal
bones of persons occupationally daaliag with
ansaturated hydrocacrbons of the ethylane series
{olefins) and their chlorline derivatives (vinyl
chloride, trichloroethylene).), Gig. Tr. Prof.
Zabol. 14(11): 34-37 (1970),

Persons occupationally exposed to chloarinated
hydtocacbons of the ethylene series, lacluding vinyl
chloride, revealed definita skelqetal alterations {(n
bones, e.g., osteosclerosis, osteaoporosis,
o3teolysis, Diagnosis using large~frame
photofluorography 1s recommended becaysa of the
lazser radiation load.

Russ.; ¥ng. Saawm,

AOXAN; CASE STOUDY; PHOTOPLOUOROQGRAPHY: OSTEOLTSIS;
OSTEOSCLEROSIS; OSTEOPIROSIS; OCCUPATIONAL XIPOSORE:
DIAGNOSTIC

<33

Basalaev, A.Y,; Yazin, A.¥,; Kochetkov, A.G.,
{Pathogenesls of changes developing due to long-tera
axposare to vinyl chlorlde.), Gig. Tr. Prof. Zabol.
16(2) 1 24-27 {197} .

Changes in the bloelectrlc activity of the
hypothalawus, hyparadrenalinaenia, resorption of bone
tissue, osteoporosis, and functional troubles of the
cardiovascular systeas occucred in rats and rabblts
inkaling 0.03-0.04 ag/l vinyl chlocida fumas 4 hr a
day for A wmonths, Dysfunction of the hypothalaamus
apparently gives rise to neurohusoral and
noeurovascular disturbances which lead to developeent
of dystrophic processes in bone tlssua.

Russ.; Eng, S5oas.

BYPOTAALAAOS; BOX2; NEUROLOGICAL; CARIIOYASCOLAR:
RAT; RABBIT

<3a»

pastanier, A.; Cardier, J.M,: Lafavyre, M.J.,
Acro-osteolysis, occupational., Eacyclopaadia of
occupational Health and Safaty 1: 331-34 (1971).

rifty cases of occupational acrooateolysis, of which
30 vere in the 33, hava been reported among workers
enployed in rasoving daposits from tha valls of
polyvinyl chloride polysecization vessela. The
nechanizas of the syndvowe {1 naoknovn, bot canaativae
factors are: 4 chanlcal lasult, a phralcal inaule,
and a parsonal reactivity., 111 casas bave 2
sysptoss in cosmon in varylonqg degrees - Raynand's
phenoaenon, and skeletal changes of thae extresities,
particuylarly the distal phalanges of the fingars,
Evidance of collaqen diseass, ostaclysis, or
abootsal rwaponse of bhanda to cold shoald
coatraladicate asploysent as a polycleaner,
Cessatlion of polycleaning vork allews aspontapacus
healing, bat no other treatment has beaen found
affectivae.

POLTCLEARER; OCCOPATIONAL BYPOSORE; ACROOSTEOLYSIS;
EATFAQD'S PHENORENON

June 1975

<35>

Berk, P.D.; fartin, J.F.; ¥aygoner, J.G.,
Persistance of vinyl chlorida-induced liver iajury
after cessation of exrposure., inn., N.Y. Acad. S5ci.
2862 T0=77 (1979).

A vhite malae employed for 5 1,2 yrs as 4n autoclave
cleaner bafora a spleanectoay and a livar biopsy
showed portal fibrosis and histologic abnormallties.
This casa report represents a uaique follow-ap of
apparanst vinyl chloride-induced liver fajury 2 1,2
yrs after reacval from exposure. The caze vas
evaluated by the Yational Institutes of Health, and
speclal studies, directed tovard finding a suitable
screening test of liver function which would reflaect
histologic abnorwalities, vere perforaed, The
detalled evaluation {ndicates that hepatic fibrosis
persists and may progress despite rasoval froa
further erposure, Because of the nature of the
hepatic infary, the lesion may be eztensive but wmay
not bhe revealed by aboorwal resuelts of standard
liver function tests,

LIV2R; LUNG; DIAGNQSTIC; OCCUPATIONAL EIPOSURE;
AUMAY; CASZ REPORT

<36
3lock, J.B., Angirosarcoma of che liver folloviag
vinyl <chloride exposuce., JAMA 229: S3-%4 (1973).

Case studies of six aaployees vho had vorked foc at
leazt 12 years vith vinyl chloride are presented.
The extreaely rare angiosarcosa of the liver vas
disgnosed in all & cases, Pour cases shoved an
unusual type of cigrhosis.

CLSE REIPORT: CASE STODY; OCCOPATIONAL ZIXPOSURE;
AXGTOSARCONA; CIRAHOSIS: HUAAN; ZPIDEATOLOGT

£37>
Boettner, E.A.; Veiss, B., Aan analytical system for
{dentifying the volatile pyrolysis pcoducts of
plastics,, lzar. Ind, Hyg. Assoc. J. 28(1): 335-540

(1967).

ror Ldentifylng and quantifying the pyrolyelc
products of cectain synthetlc cesins vhen heated I(n
air, a systea of {nstrueental apalysls sakas use of
diffecantial tharmal analysis to determine the
temperature at vhich physical and chaesical changes
occur In the plastic, and thersogravisetcic analysis
for detersining the temperatury at vhich it
undergoes valght losses. Compounds libarated at tha
decosposition teapacatuces are eithar analyzed
directly by infrared absorption spectroscopy, mass
spectroscopy, OC gAsS chrosstography, ot are
collacted in fractions through use of a cosbustion
furnace and s9parated furthec through gasx
chrcmatography. Application of tha analytical
system to polyvinyl chlorile s dascribed.

INALYSIS

<38 /

Bol 'shakov, A.f., (Hyglenic evaluation of vorking
conditions In tha synthetlc leather industry.), Gilg.
Yop. Prolzvod., Priwen. Polle, Mater, 1963; 47-52
{(1969) . (CA75: 1417Q1p)

At cartaln locations in an artificial leathac
sanufacturing plaat vinyl chloride concentrations
reachad 0.06 sg/n3, Employess axpearianced a general
raduction lo suscular strangth, absenteelse was
uouaually high, and many oparators repocted pariodic
palns {n feet and hands. Of 127 vorkecz sranined,
38 shoved vaegetative polyneoritls effects,

Rusa.

QCCOPATIONAL EIPOSURE; STANDARDS; NEOROLOGICAL

<39

Breder, C.¥.: Deaalson, J.L.; Brown, X.,
Inveatigation of s0=e GLC procalurwvs for vioyl
chleride monomer in polyvianyl chloride, food, and
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€39y CONT.
food siwmulants,, J. Assoc. Offic, Anal, Chea, To be
publ lahed,

Preliminary studies are described for the
detetrrination of vinyl chloride monomar in polyvinyl
chloride, food, and food-siaenlating solvents,

Topics discussed include: Probleas in preparation
of stanjaprds, GLC columns, detectors and operating
paraseters, techniques for achleving rapld GLC turn
around time, interferences and thelr elinination,
(Author Abstract).

ARALYSIS

€ud>»

Bridbord, X,: Brubaker, .3 Gay, B.; Yrench, J.,
Erposure to halogenated hydrocarbons in the indoor
environment., Environ. Health Perspect. 11: 215-220
{197%) .

Halogenated hydrocarbons fros aeroszol products smay
contribute to levels of indoor alr pollution vhich
at¢ a publie health concetn, Aerosols containing
vinyl chloride as a propellant is one of the
documented examples. Contawination of the outdoor
anvironaent by halogenated hydrogarbons aay also be
a factor In the contasination of indeoar alr apaces,
and should be carefully exaained.

NON-OCCUPATIONAL ZIPOSORE; HOMAN; AERISOLS

cuy

Burgess, R.A.; Greaves, J.C,, bDeposition prevention
in vinyl chloride polymerization., Ger, Offen,
2,157,869 (feperial cheslical Industries, Ltd.) 18 pp
(30 may, 1974¢). (CA 81: 78540t}

Deposits on the valls of the teasctor vessel during
polyserization of vinyl chloride (VC) were pravented
by coating the reaztor vith cross-linked
forsaldehyde polysers such as
forealdehyde-ethyleneinine copol ysers prior to the
aqueous suspension polyseri{zation process. The
British processor clalas no deposits, as cospared to
0,015 parts of deposit/100 parts vinyl chloride with
untreatad vallsx,

PATENT; SYNRTHYSIS

u2»

Bargezs, X.H.; Tomlinzon, R.%.H,, Deposition
prevention in vinyl chloride polywerization., Ger,
offen. 2,357,867 (Isperial Chemwical Yndustries,
Ltd.) Yf paqes (30 EKay, 1974). (CA 81: 785391.)

Aqueous suspension polymerizatlon of vinyl chloride
(YC) at pHo {n the presence of 1000 ppa
polyethyleneizine vas accomplished vithout
deposition on the valls of the reactor vessel.

PATENT: SYNTHESIS

<83y

8yren, D.; Holewberg, B,, Tvo possible caszes of
anglosarcoma of the liver {n a group of Svedish
vinyl chloride-polyvinyl chloride workers., Aan.
¥.Y. hcad, Sci. 2661 269-250 (19795,

In Sveden, atround 6§20 vorkers are employed in one
polyvinyl chloride {(PVZ) polymerization plant and
one vinyl chloride (YO} synthesizing plant. Both
began ooeration in 1945, but no measuytresent of
erposufe vas made before 19568 vhen hyjienic
conditions vare greatly Lfeproved to reach 18-20 ppa
in reactor rooss and under 5 ppm {n drying and
packing depacrtments, Tha flrat case reported ia
that of a reactor operator eunployed for 1B yrs
before appearance of disease at sge 49, Sysptoss
presented vere loss of veight, spleno- and
hepatonegaly, anesla, moderate elevatlon in
erythrocyte sedisantation rate, greatly elavated
alkaline phosphatase, snd =l ightly elevated GPY.
Angiography confireed liver tusor, and cytologlc
stamination indicated prisary hapatocellular cancer.

At poatmortes, the tusor vaz diagnosed as lov
diffarentlated primary liver carclnowa. Casze 2 vas
euployed in vC production for 23 yrs and for 4 more
yCs at vary lov exposures before appesrance of the
disease at aga §1. Symptoms included epigastric
tusor, throabocytopenia, and slightly elavated
alkaline phosphatase, transamipnases, and lactic
delydrogenaase. Anglography revealed tusor masses in
4 grossly enlarged livar, saligaancy vas continmed
by biopay, and postmortes dlagnoals vas primary
hepatocellular carcinoaa. Pegent spacialized
exasinatfion has coofirael 5 2iagnaais of
hewanglozarcoea iz bhoth casas, with probable
coexistence of 4 hepatocellular cancer {n Casze 2,

CANCER; ANGIOSARCOMA; CAS¥ REPONT; HOMAX

o>
Capurre, P.0.; Gray, R.Ll., Meed for research for
protective measures agalnst chronlec chesical
indury., JAMA 229(7y: 763-764 (1974).

Several vears of exposure to industrlial chesicals
may occur before aalignant neoplasm can be detected.
Studies of patients erposed to solvent vapars
indicated damage to liver and pancreas before a
dafinite increased rate of malignancy vas noted. 1
30-7vr old san who bad cleaned vionyl chloride atorage
tanks for four years cosplained of great fatigue,
S5cans of the liver shoved {t to be ssall vith an
irregular concave profile; scans of the pancreas had
an abnormally lov count and uneven isotope uptake,
Glucose tolerance and inaulin curves vere abporeal.
These tindings vere comeon in people exposed. to
solvents, A stody of trace minerals say be of valua
in helping to control dasage to liver and pancreas.
Protection against chemical erposure vill requirce
cooperation from physiciaas, labor unions, and plant
sanagers.,

LIVER; CANCER; OCCUPATIONAL EXPQSURE

Cu%d>

caputo, A.; Viola, P.L.; Bigotti, A,, Oncogenicity
of vinyl ¢hloride at lov concentratfons {n rats and
rabbits,, IRCS Library Cospendium <Jfsternational
Research Communication System) 2: 1582 {1974,

The carclnogenic effect of vinyl chloride in alaast
all tissues and orgqans was confirmed in experiments.
vith 1100 rats exposed for 3 hrs/day, 5 days/vaek,
for 12 months to a flow of alr contalniag 20,000,
10,000, 5,000, 2,000, 500 or 50 ppa vinyl chloride.
A1l concentrations except the lovest produced
neoplasws ln different organg and tissuas, vith
prevalence of the liver. 7In experlments vith other
anieals, tywors siamllar to those described in rats
appeared, In particular, the rabbit diaplays a high
sensitivity to vinyl chloride.

RAT; CARCINOGENICITTY

<46>

Carr, C.J.; Burgison, R.M.; Vitcha, J.P.; Krantz,
J.C., Anesthasla IXXIIY. Chesical constitytion of
hydrocarbons and cardiac sutomaticliey., 2.
Pharmacel. Pxp. Ther. 97(1): 1-3 (1949),

Gaseous cospounds, inclwdjing vinyl chloride, ia
concentrations fros 15 to 90%, vere aduinistered to
doga vho had previously been injected vith
eplnephrine RCL, 0.0) ag/kg., Closed circoeit
inhalation was continued from 10 to 20 sinutes, then
repeated. In 3 of 7 dogs {ahaling vinyl chloride,
san=i{ tization of the myocardiue occurred,

#yocardial sensitization oceurved less fraquently
vith vinyl chloride than with its saturated analog,
athyl chloride, Fallure to seasitize vax & matter of
degree add not an absolute absence of some inciplent
effect, %o correlation wvas passible betvesn
observations nade and the physical propacties of
saturated or unsaturated hydrocarbons.

DOG: WEUROLOGICAL; PROPERTIES; ANESTAETIC
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Chatelaln, A.: Notillon, P., Un =yndrose
d'acra-astaclyse d'acigine profesalonnelle ¢t de
constatation nouvelle en Prance, (A syndrose of
acroosteolysis of occupational otigin of racent
observation in Prance.), Radiol., Blactrel. 48 (5):
277-280 (1967y,

Pive cases in a population of 10) persons exhibited
acroosteolysis with Raynaud's syndrosza presumabdly of
occupational, and probably of toxic origin. All were
cleaners of autoclaves used in the polyserization of
vinyl chloride. Wine other cases of Raynaud-type
syndrome vithout bony lesions, and 14 casas of
siaple sanajitivity to cold vere observed, Could
these signs represent the onset of tha disease?
Three hundred and thirty=-eight vorkers vho
sanlpylated the polymer after autoclaving vere fouad
radiologlcally free of all lesions,

rr.

OCCUPATIONAL TYPOSURZ; HORAN; BOXZ: RAINAOD'S
PAZNQARNQN; ACROOSTEZOLYSIS; ZEPIDINIOLOGY: CASE STUDY

L43: 3] -
Chenoveth, M.B,; Hake, C.L., The sealler halogenated

aliphatic hydrocarbons., Annuy, Rev. Pharmacol. 2:
381 (1962) .

This ertensive reviev considers the litarature from
1955 to June 1961 on coapounds contalalng from 1 te
4 carbon atoas and 1 or sore haleqgen atoas, The
effects of vinyl chloride in wice, rats, and guinea
pigas vere investigated by Danziger and covorkers
aftar 2 acclidental deaths in the polyvrinyl chloride
industry. Principal pathological changes noted vere
congestion {n the lungs, liver and xidneys,
pulaonary edena and heaarrhage, and fallute of the
blood to clot, These results tended to confirm the
cause of death in the huasan overexposure. The vork
of Torkelson and colleagues indicated that
concentcations of vinyl chloride of sore than 50 ppm
vere delaterious to vats, rabblts, gulnea plgs, and
dogs. The reviev concludes that the accepted
threshold liait of 500 ppe {5 too Mhgh.

TOITCITY; OCCUPATIONAL ETIPOSURE

<49>

Christensen, H.EB., ®d., Chloroethylena, Toxic
Subatances List, National Institute for Occupatianal
Safaty and Health, Rockville, AD. p 350 (1974},

Listed asynonyms for vinyl chlaclde fnclode:
chlorothena, Trovidur, Ylinyl C Monomer, and vinyl
chlorida, Chesical Abstracts Registry aoumbar Ls
75014, and ¥issvesser Line Rotatlon i3 G10Y, The
lovest concentration at vhich toxlc effects
(cardiovascular) vaere found from ilpbalation of vinyl
chloride by humans §3 20 pee. In the rat, 250 pga
axposute for 4 hr/day for 260 days vas the lovest
lethal concentration, vhich also acted as a
carcinogen. In the souse, 500 ppw exposure for 4
hr/day for 10 wveeks vas tha lovest lethal
concentration, also vith carcinogenic effacts. The
D.5. tlme-veightad-average Standacd is 500 ppa. An
aserqgency Standard of S0 ppa was set fa 1978,

STAMOARDS: OCCUPATIONAL 2XPISORZ; BRAT; aICE; RUMAR;
CARDIOYASCULAR; CANCER

50>

Cohan, G.F,, Tndustvial preparatlion of polyvinyl
chloride,, EZnviron. Health Perapect. 11: 53-57
(1975) .

vinyl chloride (¥cn) {3 unloadad froa tank cars
(call or truck) into pressurized storage spheges,
Retared YCA, ewulsiflers, and catalysts ace then
reacted in an aquacus medius {n polymacizatioa
vessals undar controlled conditions of tespagatorw
a0d pressuro. These contents are transferred to a
swcondary veszal vhera atean {a {ojected, and the
YCA-containing vapors are pamped to a Cacovery
systes vheres the vapors are compressed, coolad,

June 1975

condansed, decanted, and recycled for rense,
Batches of the PYC resin vater slurry are blended
for product uniforsmity, and thepg a devatering
centrifuge reesoves approrlaately 90X of the vater,
vhich is discharged to the industrial saver srstes,
Bamaining water ix resoved {n a flash dryer and the
dry resin enters & tvo-stage collaction systex for
separation of conveyring air. The PYC raesin is thea
screened, and storad to be later shipped,
coapoundaed, or bagged.

MANQPACTORE

<51>

Cook, ¥.i.; Glever, P.M.: DOinean, 8.0.: Magousaa,
B.J., Cccupational acroosteolysis, II. An
indystrial hygiene study., Arch. Povicoa. Aealth 22:
7482 (1977),

An {ndustrial hyqlese investigation for
acroosteolysis (AOL) was conductad {a 32 plants
engaged in the handling of vinyl chloride.
Identification of variables in processas and
cheaicals vhich vere peculiac to plants having kaown
cases of ADL vas the objective. ¥o uaique
situations vere shovn to exist. A correlation of AOL
cases vith manual reactoc-cleaning wethods was
observed. A nusber of situations relating to a
precise cause of AOL require additional exploration.

QCCOPATIONAL EIPOSURE; ACROOSTEOLYSIS; POLYCLEANER:
INDOSTRIAL HYGIENEZ: ZPICZAIOLOGY

<52>
corn, 3., Discussion paper (Control and managesent),
Ann. N.Y. Acad. Sci. 246: J03-105 (1979).

Equatlonx for the calculation of pollutant
concenttation in & vorkrooa are presanted and
discussed. Ventilation approaches to the control of
toxic saterlals are standard, and although it ity not
possible to design to a zpecified Threshold Limxt
Yalua (TLV), sufticient deaign optioans exist ta
ensuce control for highly torxlc =materials. Past
designation of vinyl chloride as a lov toxictty
materi{al encouragad a Lass controllad deslgn of
ventilation, but future design vill ba for a highly
torlc material with techniques appropriate to this
designatian.

.

INDOSTRIAL ATYGIEZXE; STANDARDS; OCCUPATIONAL EZIPOQ3SURE

<53>

Creech, J.L.; Johnson, M.X., Anglosarcoma of liver
in the maoufycture of polyvinyl chloride., J. Ocgup.
Med, 16(3): 150-151 (1974},

Three fatal cases of anglosarcoma of the liver
accurted vithin & period of approximately tvo years
asong the eaployees of a polyvinyl chloride
asnufacturing plant, Since all 3 were treated by
different physiclians, no relationship to polyvinyl -
chloride vas sutuised unt{l the authors recognized
the rarity of the disesase and learned that all 3 man
had vorkad in the sawe plant, One casa report ix
presentsd, History, patholeqy, and cllnical cougae
are conslstent vith tha other tvo vho dled of
angiosarcaowa, Clin{cal, apidesiologic,

toxicolegical, and occupational investigations are

nov being vigoroualy pursued vith regard to othar
anployees,

CAS? BEZPORT: OCCUPATIONAL ZIPOSURE; HURAN;
ANGIOSARCOMA; LIVZR

<53>»

Creech, J.L.: Havk, L., Liver disaazxe asong
polyvioyl chloride production vorkera., Ana, N. Y.
Acad, scl, 206: 88-9a (1975).

In an atteapt to relate livar abacrwallirvy to viuyl
chloride (YC) exrposure in the B.P. Goodrich chesical
plant {a Loulsville, Ky, five categories ware
daterainad: The higheat ezposurm la in 1} polyvinyl
chloride production; folloved in order of ezposure
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by 2) other production, luncludisg the tubber plant,
3} malntenance of polyvinyl chloride production, &)
all other malntenance, 5) all other esployees,
series of tests to determine extent of liver disease
in vinyl chloride vorkars vaa initiated, vith a
predotersined protocol of testing to be folloved
vhen abnormalities appeared. 7Tvo additional cases
of anglosarcoma have been found and ! casas of
portal fibrosis, 2 of vhich vere not in polyvinyl
chloride prodoction. Pifty-nine esaployeas vere
moved to areas of no erposure to knowa hapatic
toxins, the studies vlill continue throughout
eaploysent life, and perhaps after retirement,

DIAGNOSTIC; LIYER; OCCOPATIONAL EIPOSURE; C1SE REPORT

<55

D*yachuk, TI,.A,, (A contriburion to the hryglenic
evaluation of PYC floor tiles for apartments.), Gig,
sanit. (Hyg. Sanit.) 35(%-3 : 328-427 (1970).

Toxic sybstances released fros polyrinyl chloride
(PvC) floor tiles vere investigated la both the
laboratory and in apartsents with PYC floors. Air
vas sampled for volatile substances at heights of
0.5 and 1,5 a above floor level at 9, 11, and 14
nonths after the floors vere lald. V¥inayl chloride
vas deterained titrimetrically. Physiological
effects on the aparteent dvellers were deterained by
questioning, blood pressure, and pulse. In contrast
to oczupants of apartsents without PYC tiles,
noticeable signs and symptoas included irritated
sucosae of the tesplratory tract, lov blood
pressure, bradycardia, dizzinesa, loss of appetite,
irritability, and warefulness during the night. 1In
generil, vinyl chloride concentrations vere higher
at the lover saapling helght. In one rooam, for
exanple, 0.308 ag/al was detocted at the 0.5 »n level
vhereas 0.193 ag/a) vas found at the 1.5 s helght.
Levels decreased vith time, PVC tiles vere not
recommended in hot, Ary climates.

Russ.; Enq. Transl

INDUSTRIAL HYGIENEZ: HAUmMAN; DEGRADATION;
DEPOLYRERIZATION; EPIDEAIOLOGY; NEOROLOGICAL;
GASTROINTESTINAL: STANDARDS; CASE 5TUDI;
NON-OCCOPATIONAL EXPOSURE

<56

Danishevsky, S.L.: Egovrov, X.N%.,, (Problems of
toricology in the chemistry of high-molecular
compounds.), Gilq. Tt. Prof, Zabol. 5{(9): 26-31
(196 1) .

Ronowers, catalysts, and additives used in the
synthesis of polymers are different both chealcally
and toxicologically. Honomers are generally
reactive and biolegically aggressive. HRonoser
tor{city way be increased by contamlmants. Polyser
toxicity may inctease vith an increase in
temperature, and may be significant In the aging of
the polymer, Proper hygienic standardization i=s
{wportant, both in the vorking conditloas durlng
synthesis and in the utilization of the products in
the national econowmy.

Rusx,; Zng. Sunma,

OCCOPATIONAL EXPOSURE; NON-OCCOPATIONAL BIPOSORE;
TOXICITY; STARDARDS

<57>

Danziger, H., Accldental polszoning by vinyl
chloride: Report of tvo cases,, Can, Med, lssoc.
J. B2: 828-830 (1960).

Tvo fatal cases in antoclave cleaners of accldental
poisoning by vinyl chloride are rteported. Aotopsy
tindings in both vere sisilar but could not be
ertrapolated for diagnostic purposes -~ other
chesicals cause sisllar reactionx=. Pathology
locloded cyanosis; local burns of conjunctivae and
corneae; congestion of internal orgmnz, wapecially
lungs and kidneys; and failare of the blood to clot.
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Circunstances proved one case to be causad by visyl
chloride vhareas s0se doobt accospanies the other.

POLYCLEZANER; CASE REPORT; CASE STODY; LUNG; KIDNET:
ETE; BLOOD

<58>

Deichaann, ¥.B.; Gararde, H.¥., Vinyl chloride
(chloroethylanae; chlorethene). Toricelogy of drugs
and chesicals,, icademlc¢ Press, New York Ch,.e:
620-621 (1969).

Yinyl chloride 13 & coloiliwass *7 vith & sweetishk
odor and 1ittle or po irritatisng effect. Six husaws
exposad to 4000 ppm for 5 ain reported no effects;
12,000 ppn caused dizzinesas; 25,000 ppa Caused
disorientation as to =pace and site, and a buganing
sensation in the feet, Porty percent vinyl chloride
caused death in 2 of 5 quioea pigs with congestion
of the lungs, puleonary edema, hesotrhages, and
congestion of the liver and kidneys. Thirty-one
cases among 3000 polyvinyl chloride vorkers
exhibjted hand disorders vhich included Raynaud's
phenomenon, acroosteolysis, clubblng of the fingecs,
skin lesions, and a rope-like appearance resembling
scleroderma.

REVIEV; ROMAN: GUINEL PIG; LUNG: LIVER; KIDNWEY;
RATNAOD'S PHENQNENON; ACROOSTZOLYSIS; SKIN

<593

pDerby, J.V.; Treedman, R.W., Vapar-phase pyrolysis
and GC analysis of fire-retardant materials
containiag PYC., Amer. Lab, 6(5): 10-16 (197s8).,

In vapor-phase pyrolysis, which i{s useful for
characterization and quantitative analyais of
polyaers, the products of rapid pyrolysis yleld
recorded traces called "pyrograasx™ vhen separated on
chromatogqraphlic columns, These traces characteriza
the polysers by peaks {dentifiable by retention
time, volume, Kovats fndices, and other coastants.
To detersmine functlional groups, major peaks are
subjected to vapor-phase pyrolysis to yield =small
wolecules such a8 CO2 or CHA, vhich can be measured
quantitatively by chromatography. Once the
functional group of a solecogle is astablished,
Ldentity can ba deterained from the ratio betvean
retention time and carcrbon nusber, Reproducible
prrograss of polyvinyl chloride iniicate vinyl
chloride as a possible product of pyrolysis on the
basis of retention timae,

AMALYSIS

<60

Dlagv, D.; Beritic, T., Profesionalna akroosteoliza,
(Occupational acroosteolysis.), Arh. Hig. Rada
Toksikol. (Arch. Ind. Ryg. toxicol.) 22(V): 53-5%
1971y,

A tvo-page reviav iz presented on the serles of 3
articles-by Dinman, et al; Cook, et al; and Dodson,
et al-~on occupational acroosteolysis previously
published in the Archives of Environsental Bealth {in
1971,

Serbo-Croat

ACROOSTEOLYSIS; REVIEW

<61>

piosan, B,D,; Cook, ®.\,; Whitehouse, W.H,;
Rmagnuson, H,J.; Ditcheck, T,, Occupational
acroosteolysis. I. Ao epidamjologlcal scudy.,
irch. Eanviron. Health 22: 61-73 (1971},

In epidemionlogical study covering 5,011 esployees
with 21,510 san-years erpecience {in various phases
of vinyl chloride and polyvinyl chloride
nanufactoring exposed 25 defloitive cames and 16
questionable cases of acroosteclysis (AOL). A1l
vere clearly associated vith the hand cleaning of
polyserizers. The disease appears to be systesic
cather than local, and the laportasce of Raynaud's

-
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<61> CONT.
phenomenon as & concomitant {x asphasiyed. fNeither

the etiological agent nor point cf entry iz knowao.
Several statistical approaches for rapid sadical
survey are suggested.

PPIDEMIQLOGY: OCCOPATIONLL EXPOSORE; RAYNLOD'sS
PHENOMENON: ACROOSTEOLYSIS; STATISTICS; INDUSTRIAL

HIGIENE

<62

podson, Y.W,; Dinman, B.D.: Whitehouse, ¥.M4,.: Masc,
A.K.M,; magnuson, 8.J., Occupational acroosteolysis.
111. Clinlcal =xtuydy., Arch, Environ. Realth 22:

83-91 (1971).

Four subjects with osteolytic lesions, especlally in
the distal phalangexs of the hands, vere studied
clinically, All had faynaud's phenomenon which
anteceaded the osteolytic lesions. All had vorked as
polycleaners {n the polyvinyl chloride industry;
band scrapling vas comson. Oetailed sedical and
family histories, physical exaalnatioas, dietary and
setabolic studles, and laboratory invastigations
vere aada. Nusmerous roentgenographic techniques
were used, Plethyssography revealed abuorsalities in
threa sen, vhereas esophageal motility vas pormal.
The ipitial signs= and symptoms suggest ing
acroosteolysis comprised blanching of the hands
associated vith either tingling of the hands or
tenderha=s of the fingevtips.

ACROOSTEOLYSIS; RATNAQDD'S PRENOMENON: POLYCLEANER;
QCCOPATIONAL EXPOSORE; CASE STOUDY; BONE:
BIOCRENISTRY; INDOSTFIAL HYGIENE

€63>
Doll, ®., Discussion paper., Ann, K. T. acad, S5ci.

2465 320~-32% (1975).

The problea of extrapolation of data is an erxtremely
complicated one. A particular chesical carcinogen
{3 only one factor vhich interacts vith a nuaber of
others, and & ximple linear relationship vith ope
factor uay be seen in all sorts of coaplex
sltuations., OQur regqulations for control should be
based on observations= i{n wan, and ip the case of
vinyl chloride (VC) the concern is not only for
angiosarcoma, but for other types of cCancer as vell,
Health studies should be continued after the
eaployee leaves the varking force, At present there
is no reason to suppose that there has been any
seasurable risk to the general public.

INDOSTRIAL HYGIENE

<6ay
Dowell, D.L., Handlipg vinyl chloride esergencles.,

Loss Prevention S: 29-3Y (197V).

A Manafactaring Chesists' ixsoclation CRENTREC
Progras vas developed In order to sisplify reperting
and receiving accident iunforwation involving vingl
chloride railrpad tank cars, to ald in giving
response to any caller regarding the Lusediate
hazards of vinyl chloride sonomer, and to aild in
establishing lialison vith both the accident scene
and the shippar. Recommendations for hasdling vinyl
chloride accidents in maritiee trfansportation vere
al=o foraulated, A buraning tank car (200,000 1bs)
of vinyl chloride, under unfavorable conditions of
Atwosphere and vind, will produce a ground lavel
concentration of ACl of 5 pps up to distances of
10,000 ft. As much az 20 to a0 pps phosgene can be
produced in the immediate viciplty of the fire, but
the large quant{tiex of HC] present vill secve as a
varning and a barrier, atd the lov lavals of
pbtosgene will ba readily hydcolized and dissipated
by the updrafe of the flanse, Coubastion of vinyl
chloride produces a very sooty flame vith
approxisately 10% of the carbon converted to carbon
black.

SLPETY; KOF-OCCOPAYIOWAL EIPOSORYE; DEGRLDATION

June 1975

€65

Drev, R.T.; Rarper, C.; Gupta, B,H.; Talley, P.1.,
Effects of vinyl chloride exposures to rats
pretreated vith phenobarbital., Eaviron, Health
Perspect. 11: 235-242 (1975).

Male rats pretreated vith phenobarbital or & alwllar
group treated vith J-wethylcholanthrene vere exposed
to 13,500 ppa vinyl chlaride (VC} & hrs/day for 10
consecutive days, Investigated vaera grovth rate,
organ welghts, morphological changes, and both
banzphetanine-N-demethylase activity azd cytochross
P-850 content of liver microsomes. The only
otserved effect vas a decrease {n jrowth rate in the
phenobarbital group, particularly apparent on the
thicrd day of YC exposure. Occasional sorphological
changes vere also %een in the livers of thesa
animals,

RAT; INTERACTION; PHARMACOLOGY; PHENOBARBITAL:
RETHAY LCAOLANTRRENE

<662

Oublin, L.I.; Vana, R.J., Vinyl chloride, Occupation
Hazards and Diagnestic Signx, Div. of Labor
Standards, U.5. Dept. Labor 8ull. W¥o., 41: (Ites
126) 6u-65 (1941).

The acute toxriclty of vinyl chloride vas teated by
the Bureau of Mines in single exposure erpecisents
with quinea plgs and men. Onsteadiness, sotor
ataxia, {ncosplete and finally complete narcosis
vere produced in quinea pigs, vith gross
pathological findings of congestion and edema of the
lungs, and hyperemia of the kidneys and liver.

Men, exposed to 2.5% vinyl chloride for 3 min
experienced dizziness and disorientation as to space
and size, and cosplained of burning sensations in
the soles of the feet. They recovered lammediately
vhen resoved from the toxic fuwes, and cosplained
only of a slight headache vhich lasted 10 minutes,

TOIICITY: RUMAR; GUINEA PIG: WARCOSIS

$671>
Dugols, P.; Awblard, P.; de Blgalcourt, 8.; Lagrand,
J., Acropathic polyvinylique professionelle.
(Occupational polyvinyl acroosteolysis.), Bull, Soc.
Fr. Dersatol. Syphiligr., 79: 197-198 (1972,

A J8-yoar-old wan vho had vorked tfor 2 years in a
polyvrinyl chloride plant vas diagnosed as having
edematous scleroderna of the hands and feet, edema
of the face, and Raynaud's syndrome. Chesical
treatment vith sterols had little success, and the
case was not folloved after 6 wonths' treataent.
Eleven years latar, during a systematic exasination,
radiography of the hands shoved characteriatic
azpects of occupational acroosteolysis with
dissolution of the distal phalanges, vhich had not
appeared in the earlier radiological eramination.

Fr.

ACROOSTEOLYSIS; OCCUPATIONAL EIPOSORE: SKIN; CASE
STUDY; BONE

<68>

Tevironmental Protectioo Agency, Terre Haute vinyl
chloride vapor escape., Saithsonlan Institution
Center for Short-lived Phenomena. Zvent Notification
Report, Event 83-79, ¥o. 1825 (1974},

On magrch V7, 1974, & railroad tank car carrylng
vinyl chloride overtarned and vas damaged, alloving
vapors, but no liquid, to escape. Becausae vinyl
chloride ix an ircitant apd can affect the nervous
systams, residents vere evacoated froas their hoses
for nearly 36 hoars,

FON-OCCOPATIONAL EIPOSORE; HOMAK
<69>

Environmental Protection lgency, Tentative sethod
for the deteruination of vinyl chloride {p the

P
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atmosphere (28-heoar integrated saspling)..
Bnvironsental Protection Agency, Hethoda
standardization and Performance Branch, Quality
Assurance and Pnvironmental Monltoxring Laboratory
Report, Octoher (1971},

In a method applicable to meazuresment of vinyl
chloride (¥C) 4in asbient air using a 28-hr sampling
peciod, YC Ls adsorbed on charcoeal adsorbers which
are sobaequently extracted vith carhon disulfide.
The resulting solutlons are weasured
chromatographically, asing a flame lonization
detector. Lim{t of detectlon 1s 0.003 =3/23 (1ppb).
The saximum of the vanje is 20 ng/al (8 ppm) vhich
may be increased by extending the calibration range
or by dlluting the sasple, Certaln volatile
hydtocarbons and rreons have elution characteristics
sisilar to ¥C, but no knova common pollutasts in
awbient atmosphere at sufficiept concentration Cause
interfarence. (This sethod has received no
laboratory evaluation, and {5 st{ll under
investigation,)

ANALTSIS

<70>

Environmental Protection Agency Task Porce,
prelisinary assesssent of the envirossental probless
associated vith vinyl chloride and polyvinyl
chloride: R report an the activities and findings
of the vinyl chloride task force., Environsental
Protection Agency, 7ashinqton, D.C. 1-29 (Sept.
1974y

The Environwental Protection Agency ls concerned 1)
vith the alc eulssions frow vinyl chloclde (V€)1 and
polyvinyl chloride (PVC)-=-estimated by the Task
Porce to be 200 willion pounds VC and 50 willion
pounds P?C discharged into the environwent annvally:
2) vith aerosol sprays--a 30-saecond release could
result in 8900 pps concentration in the af{r vhich
vill pecrsist for several hours (aerpsols are now
banned}; 1} accldental releases, as {a
transportation--16 rall aceidents lnvolving tank
car= of VU wete reported in the last three years; )
¥C trapped in water effluents, sludge, and other
s0lid vastes, vith particulay concern for lts
appearance in drinking vatar; 5 the fate of
unreacted VC wonoser in the manufacture of
PYC--ranging frow as high as 8,000 ppa {n the Tesin
to as lov as 5 ppe in finished PVC products; and 6)
the sigration of the mdnoser into vater frow PVC
pipes and liners used in vater systess. The ¥inyl
Chloride Task Porce wmakes the folloving
reconnendations to and for the EPA in order to a)
kelp clavify and reduce riszsks assocliated with 9C and
PYC, and b) take advantage of eXferleaces vith these
chemicals in addressing other chemicals: 1)
rstablish alr standards. Detersine the possible
ambient levels and the health risks associated with
such levels., 2) Sduppert requlatory actions uander the
Clean AiT Mgt vith adaditlonal asblent air
sonitoring, and correlate the weasuresents with
specific in-plant activities, 1) Conduct detalled
materia)l balance studles in cooperation vith
industry, and correlate the magoltude and timing of
extinated losses vith monitored laevels of vC, &)
Deternine background levels of YC in both indoor and
outdoor amblaent alr. 5 #monrltor drinkiog water
suppliea vhich sight be contawinated fros YC
discharges fros nearby PYC plants. 6) Determine the
amgunt of YC aigratiog froas PVC products used in
vater distribution systems. 7) Standardize methods
for mositoring levels of ¥C, and lnvestigate the
feasibllity of developlng continuons alr sonitoring
deyices, 8) Detarsine types and quantities of toxic
substances leached or dlscharged fros a) sesi-asolld
and so0lid vastes generated by YC/PVC facilities, or
b) PYC vaztes 4ixcarded by consumers. Develop
quidelines for control of stotage and disposal of
vastes, if studies indicate & bhazard in this area,
9} Saupport carrently plansed ¥C toxicological
studies, 10) Support correstly planned YO
epideniologlical stadies. V1) Ipdustry and
Governwent shogld support intenalvs stadlesz on the
bebavior of YC in the atsosphere and in the
environsent, and particalarly on {ts degradation

262 .

products and related chemical reactions. 12) Expand
the Bffluent Guidelines for the Plastics Indastry
Promulgated under the rederal Water Pollutlioen
Control Act to cover the coepounding and asscclated
activities vhich resolt In discharjes of toxic
metals and other chemicals (nto the vater., 13)
Continue enforcesent efforts to insure that
pesticidal sprays contalaing ¥C as a propellast are
removed from the channels of trade, 14} Keep
tegional, state, and local authoritiea informed of
Agency efforts and encourage suppoctive action. 19)
Build on ¥C experience for uze vith other chealecals,
Make ipformation on handling of VC available for
aasistance in responding to acclidents resulting in
release of YC, 16) Develop zafe handling procedures
for ¥C in the laboratory, and extrapolate these
procedures to other carcinogens vhich way be of
concatn to the Agency, V1) Should the Toxic
Sabstances Contral Act be enacted, consider aj
requiresents for industrial testing of the torxicity
of YC st lov asbient levels and the persistence of
YC in different wedia, and b} lismitations on the
levels of unreacted V¢ monomer in selected pvC
products. 18) Coatinue leadership of Federal
interagency activities vith regard to ¥YC and pvC,
and davelop an interagency mechanisa to address
prtobless azsoclated with the plastics industry. 19)
Stimulate governsent and ifndustrial efforts to
analyze in depth other high voluse cheaicals to
fdentify those vhich need testing or controls to
reduce potential environmental probless,

Recomnmended Steps for Industcy: 1) taprave operating
and maintenance procedure in vC, PVC polymerization,
and PYC fabrication facilitlies in order to feduce ¥C
and PYC losses. Erpand reseatch and developaent
efforts to develop new approaches to teduce losses.
2) Provide up-to-date inforesation on character and
extent of chenical pollutants which leave the plant
as alr, vater, or solid vaste discharges of
degradation products. Operate systematic aonitoriag
ptograss vhen essential. 3) Ascertain levels of
unreacted vC monomer in all grades of PVC resin and
advise purchasers accordingly. 4) Reevaluata, in
consultatlon vith interested GCovernment agencies,
the manufacturirqg Chewists association planned vC
toxicological experiments at lov doszes to insure
that they are statistically reliable and relevant to
the ambient air concerns of IPA. Sectjonal headings
to the report include: executive suazary, character
and scope of problems beyond the vorkplace,
interests and activlties of government aqencies and
industries, and reccamendations.

STANDARDS; OCCOPATIONAL ETPOSURE; NON-OCCUPATIONAL
ELPQSURE

<74

Pnvironmental Protectlion Agency Task Porce (A},
Appandix I. Selected economical consideratiosns.
Prelininary assessment of the environsental problems
assoclated vith vinyl chloride and polyvinyl
chloride., Report on the Activitiez and Flndings of
the Yinyl Chloride Task rorce I: 1-5 (1978) .,

The 0.5, vinyl chloridespolyvinyl chloride (VC/PYC)
industry has operated for 40 years and shovn an
average annual growth of 14% over the past five
vears. Duaring 1973, 5.3 billion pounds of ¥C and
4.6 billion pounds of PYC vere produced, awousting
to about 1/3 the vestern world's supply, vith the
0.5. consuaing about 1/3 of the total. 1In 1973,
3.7% of PYC and 7.8% of ¥vC produced ias the 0.5. vare
exported, Ylfeean 0.5. plants syntheslze the
sononer, 43 facilities polysecriza PYC and

copol ymars, and at least 7,500 plants are engaged in
fabrication of PYC products. About 1,500 workers
are eaployed in monomer synthesis, 5,000 in
polyaserization, and an esxtiwmated 350,000 ln
tabrication plants. Should requiresents for vorker
safety or environmental controls drive the price of
PYC products up, sany vill probably be treplaced by
other plastics or disappear fros the warket. The
major market categories of PYC products vith their
ptoduction levels, poasible substitutes, aod
coasparative price ranges agce tabulated. Hfighar 0.5,
prices may stlaglate incressed isports. Several
approachas to control of esissions are possible, but
{on sany respects aust be tallored to the lndividaal

Environmental Health Perspectives
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<71> CONT.

plants, Developmant of coatinuous flov processes,
the use of larger kettles, better housexeeping,
and/ot veddctions in the numter of fesd lines could
dramatically reduce VC leakage.

ECONONICS; ENYIRONNENT; PRODUCTION; STATISTICS

<12

Environmental Protection Agency Task rorce (B),
Appendix II. Producers of vinyl chloride and
polyvinyl chloride. Preliainarcy assessaeat of the
environaental problems assoclated with vinyl
chloride and polyvinyl chloride., Report on the
Activities and rindings of the 7inyl Chloride Task
rorce IT: 6-9 (1974).

¥inyl chloride producers, polyvinyl chloride
produzers, and peolyvinyl chloride copolymer
producers are tabulated, together with their
locations and annuzal capacity in sillions of pounds.

ECONONICS; PRODDCTION; ENVIRONMENT

<73

Environsental Protection Agency Task Force (C),
Appendlix I1T. The asaterlals balance at vinyl
chloride and polyvinyl chloride facilitles.
Prelisinary assessnent of the environsentsl praoblems
assoclated wvith vinyl chloride and polyvinyl
chlerlide,, Report on the Aetivitles and Findings of
the ¥inyl fhloride Task Porce IIT; 10-16 (1972},

The production of vinyl chloride (VC) fros ethylene
and chlorine is diaqtasmad, It is difficult to
estimate the areas and quantities of vC losses vhich
cowe priearily from vent streass, the storage and
transportation loading systewms, and seecages fros
pusps, Total losses from a plant produecing 500
mllion pounds of YC per yeart could ascunt to
500,000 pounds or approrimately 0.1%, Some vented
¥C is converted to vater and HCL: sethane {s flared;
the heavy chlorinated hydrocarbons aar be sold tao
m=olvent scrap dealers, dusped at sea, put into
landfllls or deep vells, or incinerated. The purity
of the ethylene and chlorine fed into the units
influences the by-products produced, Jore reliable
data are avallable for estimating losses at
polyvinyl chlntide facilitles, but each plant has
itz ovn idiosyncrasies., Older and saaller plants,
vith ssaller reactors requiring wore patch
operations and changeovers fros cne type of resin to
another, tend to have larqger losses. Never plants
vith wultiple production linaes alloving the
dedication of one line to a given product result in
lover resin loss due to product changs. A properly
Tun plant should bhe capable of a 95% yileld. Presant
estisates put losses of VC at polyserization plants
from 3.0 to 6.3%, vhile FYC losses are about 1,3%,
Feed rate, reactor size, reactor cleaniag
procederas, batch sizes, and level of technology all
influence the los=s rate, but overall sloppy
operation and the recovery systes are the tvo sost
important factors,

ECONORICS: ENYIRONMEMT

<18y

nviconmental Protection Agency Tast Force (D),
Appendix IV. Intaris method for saepling and
analy=ts of vinyl chloride 1In vaste vater effluents
and alr esissions. pPrelisinary assesssent of the
environsental probless assoclated vith vinyl
chloride and polyvinyl chloride., Report on the
Activities and Findings of the tinyl Chloride Task
Porce IV: 17=2% (1974).

This method for vinyl chloride (¥C) determinations
fa vater effluents, sludges and ascoms, and
atmospheric esissions vas developed during the
sonitoring progras carried osat by EPL in the spring
of 1978, and was later refined. vater cosposite
sasples, alr coatingoos composite bag =zasples, and
alr and water grab samples are avalyzed vithout
clesnap by qas chromatography (GC). Separatioas ace
effucted by selection of one of tvo types of colusns

June 1975

Ceatection

depending upon the nature of the sasple,
is by means of the flame lonizatlon detector.
Tetrahtdrofuran axtracts of sludges and scuss are

used for Injection Into the GC, Alr conmtinuous
sasples on activated carbon are extractad vith
carbon disulfide, and the exztract (s analyzed by
direct {nfection ioto the GC, callbration curves
are developed using qgraviswetrically prepared
calihration solutions, or by using knowg dilutions
of ¥C in carrier gas. V¥C confirsation should be
made by mass spectrosetric analysis of the GC eluant
if posaible. Iadependent confirsation say also be
sade in the event of extraordinarily high vC
concentration samples by using long path Pourier
ttansfors IR spectrophotometty. <This IR techafque
requires special equipsent aad about 2Q cubic feet
of alr saaples, Detailed are apparatus, saterials,
and procedures.

ASALYSIS; ENVIRONMENT

€15

Environaental Protection Agency Task Force (%),
Appendix ¥, Suamary of regional activities,
Preliminary assessaent of the environseatal probless
associated vith vinyl chloride and polyvinyl
chloride., Pepart on the Activities and rindlags of
the vinyl Chloride Task Porce V: 26-30 (1974).

This Appendix briefly summarizes the vinyl chloride
{¥C) renitoring activitijes conducted at the
felloving IPA Reglonal Offices during the spring of
1974, PReqioen t: Leominster, nA, Borden Chemical
Co. (PYC}; Reglon 2: Flemington, ¥J, Tenneco
Cheaicals, Inc. (PYQ) : Region 3: Delaware Cley, OE,
Stauffer Chewical Co. (PVC); Diasmond Shaarock
Chesical Co. (PV¥C): 5. Charleston, WV, Union Carbide
Corg. (PYC); Region u: Loulsville, KXY, B.P.
Goodrich Chenical Co, (PVC), Region S: Painesville,
O#, finiroyal, Inc. (PYC): Robintech, Inc. (PVC);
Reqion 6: Plaquesine, LA, Goodyear Tire and Rnbber
Co. (PVC); Dov Chemical Co. (V(): Regioa 9: Long
Reach, CA, B.P, Goudrich Chemical Zo. (PVC):
Aserican Cheaical Corp. (¥C): and raerican Chewical
Corp. (PY¥C). Sampling and inalyses vere carried out
in a short period of tise using nav-nethods based on
previous analytical studies in vhizh sisilar
chesicals vere evaluated, The nature of the
polysinyl chloride (PVC) manufacturing process
tesults in the escape of VG pulses vhich lead to .
videly fluctuating levels of ¥C in the anblent alr,
and changes in air wovesant may influence
concentrations at any given station, Therefore, the
data reported are subject to change as additional
sonitoting is performed. MNaximus esissians teported
in the overall testing vere: Vater effluent: 22
ppe: Asbleat aic: 33 ppw; Sludge: 06200 ppe.
Minisum enissions vere in all cases belov the
deatecvable limit.

ANALYSIS; ENVIRONSMENT; OCCUPATIONAL EXPOSURE;
NON-QCCUPATIQONAL EXPOSTRE

-~

76>

ravironsental Protection Agency Task Force (F),
Appendir YI., Persisztence of vinyl chloride.
Prelisinary assesssxent of the envirousental probless
azsoclated vith vinyl chloride and polyvinyl
chloride., Report on the Activities and Pindings of
the Yinyl Chloride Tazk Yorce ¥YI: 3t-33 (1974),

The peak absorption of vinyl chloride (VC) in the
nltraviolet region is below 2900 Angstrowms,
indicating that ¥C vould not react in sunlight in
the absence of other reactive chenicals, Laboratory
resolts using simsulated solat radiation in the i
presence of nitroqgen orides indicate a rate of
reaction for YC of B to 10%f pat hour. Direct and
{indirect reaction productx include ozone, nltrogen
dioride, carbon sonoxide, formaldesyde, foreic actid,
and formyl chloride. The lov geaction rate of YO
indicates that ¥C eninsions vill persist for a few
ailes dovnvind and can be conszidered a stable
pollutant, Teaperatore javersions and lack of
=onlight may causze a buildap of ¥YC {a the
ateoaphare, Reactioon products are of congers in
large induxtria) sreas on =unny days. In vater,

263

OLvSEL SBY




ivSEL SBYH

€76> CONT.

vinyl chlorile is volat{lizaed, rather than
hydrollzed, vith the rate of losx depandling on the
rate of agltation or aeratlon. Photolysis does not
appear to be of {mportance. VYith poot wlzing in
lakes or ponds and a continuous release of ¥¢ from
sediments and sludges, Lt i3 conceivablae that YC
could persist long enough to accumnlate biologlcally
or caase other ecological effects., Op to 380 ppm ¥C
vare collected one minute after a 30 second release
of insect apray in a =saall room.

MOM-OCCUPATIONAL =XPNSURE; ANLLYSIS; WATER;
AEROS0LS: ENVIRONAENT

£17>»

enrironmental Protection Agency Task Force (G},
Appendix VIT. Health effects of ¥C. Prelisinacy
assessment of the environwental problaes assoclated
vith vinyl chloride and polyvinyl chloride., Report
on the Activities and Pindings of the vinyl Chloride
Task rorce VIT: 34-62 (1974) .

rifteen occupational cases of cocfiraed anglosarcowa
of the liver have been discovered in the Uolted
States, Tvo are still alive and underqoing
treatment. All vere at one tiee "pot cleaners®
vhere the potential for exposure to high levels of
vinyl chloride (VYC) vas partlicularly great., The
latent period for occupational anglosarcoua appears
*0 be approximately 20 years. Ten cases of
vorketr-related angiosarcosa of the liver have been
reported froa S forelqn countries. ZEpidemiological
data collected fros the Connecticut Tuwor Reglistry
reveal three cases, one of vhow vorkel in a pyvC
factory as an accountant, vhereas tha other tvo
lived near polyvinyl chloride products plants. The
significance of these cases must be further
clariflied, The Standardized Nortality Ratio (SaR)
expresses the ratio of the nuaber of leaths vhich
actually occurred as a percentage of the nusber
vhich would have been wxpected in a cosparable
population abserved over the same age and time
{ntervals., These ratios are tabulated from a
nortality study of YC/PVC vorkers by
Tabershav/rooper Assoclates. Data from 1§
toxicological and epldaniological stulles on vinyl
chloride are also tabulated,

CARCER; ANGTOSARCONA: HOUmMAN, CASE STUDY: TOXICITI:
EPIDENIOLOGY; POLYCLEAWER

<78

Environwental Protection Agency Task Force (H),
Appendix ¥ITI. Disposal of products cantairing
polyvinyl chlorida., pPrellisinary asseasment of the
environsental probleas assoclated viti vinyl
chloride and polyrinyl chloride., Report on the
Activities and Findings of the Vinyl Chlorlde Task
Yorce YIII: 63-66 (1974},

tThe only large scale methods for disposal of =olld
vastes of polyvinyl chloride (PYC) are incineration
and landfilling. Approximately 32,000 tons of PYVC
are burned annually, releasing about 18,500 tons
hydrogen chloride (RC1l) per year, the smajor toxie
material {n the air emissions., PVC Ls responaible
for aboot 42% of the RAZ) released durlng the
incineration of all aunicipal wastes {n the United
States., Other pollutants can also be formed during
incineration, but 1t is highly unlikely that large
quantities of vinyl c¢hloride (¥C) will be released.
There {s no evidence that PYC vwill revert chewsically
to VC. Technoloqy exists for controlling the HCL
enissions, but the process is expensive because of
corrosian probless, PVC comprises about 0.2% of
municlipal solid vaste in landfilling. It decosposes
very slovly. Plasticizers are the additives of
greatest concerh vith reqard to leaching or gases,
Separation of plastic waste from other sunicipal
vaste is a deterrent to recycling., Sows types of
PYC are being recycled in the manufacturing process.

NON-OCCUPATIORAL EXPOSURE; ENYIRONREND; TOIICITY

<79>

Enviroamental Protection Llgency Task Force (I),
Appendir IX. Actlvities of Task FPorce. Preliwioary
assessment of the eavironsental probless assoclated
with vinyl chloride and polyvinyl chloridae,, Raport
on the Activities aod riadlogs of the Vinyl chlotide
Task Force IX: 67 (1978).

The principal activities undartaken or stimulated by
the Task Porce frow its inception Lo Nagch, 1974,
through July, 1974, are enuserated in chronological
order., .

ERVIRONARERT; EPA CHRONQLOGY

<80>

Pairhall, L.T., Yinyl chloride., Industrial
Torlcology, 2nd ed,, Ratfner Publishing Co., Nev Tork
Pt.2: 356=357 (1969).

Yinyl chloride (YC), chloroethylene, CH2=CHCl, is a
colecrless gas which condenses belov -13,9 C.,
freezas at -159.7 €., boils at -13.9 C.,, has a
density D20/20 of 0.9121, and a vapor pressure of
2,300 willimeters of mercury at 20 €. vC linmits of
inflamaability are 4,0 to 21,7 per cent by volums of
alr. V¥C is prepared by the chlorinaticn of
ethylene folloved by the elisination of hydrogen
chloride, accoaplished industrially by passing the
vapar of ethylene dichlorile over zuch contact
catal y3t3s as alumina, activated charcoal, or pumice
at high tewparatyres. VC polyaerizes on exposure to
sunlight and {n the presence of peroxides og
catalysts, Polyaers are strong and resistant to
vater, and are used as rubber substitutes, coatings,
insulation, €lles, foilx, glass subatitutes,
refrigerants. Syesptoas of exposure to the wooomer
are chiefly those of narcosis. VC does not diffuse
a warning odofg, but a 5% concentration gives a
physiologic vacoing by producing sysptoas of
dizziness and disorientation in advance of harsful
effects, No method has been developed specifically
for deterwination of lov ¢oncentrations of vinyl
chloride as an aerial contasinant.

REVIEW; PROPERTIEZI; USES; OCCUPATIONAL EXPOSURE;
HOMAM; XEOROLOGICAL

<81>

Falk, H,; Creech, J.L.; Heath, C.¥., Jr.: Johnsoo,
m.N.: Key, A.M., Hepatic disease asong vorkers at a
vinyl chloride polyeerization plant., JAak 230(1):
59-63 (19749,

To date, (Oct, 197%) 11 cases of hepatic disease,
including seven cases of hepatic angliosarcoma, have
been identified among employees at the Loulsville,
KY, vinyl chloride polyserization plant. All 11,
vhite men, had vorked at szose tise as reactor
cleaners, the point of greatest exposure ta vinyl
chlaride. UOntil the late 1960s, cleaning of the
reactors vas done sanually, but since then
high-pressure vater hoses have been used because of
the danger of acroosteolysia, a disaase peculiar to
polyrinyl chloride vorkers but not found in any of
the anqglosarcoma cases. ALl 11 hal vorked in close
and contlinuous contact vith the vinyl chloride
polyserization process, Avaerage vork duration vas
21,5 years for the flve patlents vho spent nine
sonths of less as reactor cleaners, and 15.1 years
for the six men vho apent 20 wonths or sore as
reactor cleaners, theafeby suggesting a possible
telationship betveen lotensity of exposure and
latent pariod for liver disease. Ages at diagnosis
ranged from 28 to 58 vears; doratlion of employment
from 5 to 29 years. Pathologic reviev of specimens
suggusts a close sisilarity in the portal fibroais,
sipusoidal dilation, and atyplcal sinusoidal licoing
cells of the malignant and hon-salignant cases.
Cohcalvably such conditions represent a presalignaot
state vhich say be reversible {f the vorker s
rescved from the high-risk ataea.

LIVEIR; ARGIOSARCONA; CANCER; OCCOPATIONAL EXPOSORE;
EPIGEAIOLOGY; CASE STODY
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<82>

rilatova, ¥.5., (Sanitacy-hyglenic conditions of
vork in the production of polyvinyl resins and
seasuces of jmprovement.), Gig. Sanit. 22(1): 38-42
(1957 .

Analysis of vinyl chloride (¥C) in the air of a
polyvinyl chloride (PYZ) wanufacturing plant vas
carried out by the method of Gronsbery, that 1=,
photobrosination of a solutiop of ¥C in chlorofors
vith & solution of bromine fa & sixture of
chlorafors and glacial acetic acid. vC
concentrations fluctuated considerably but averaged
0.05 to 0.8 ag/). Incidences of toric angloneutases
asong the vorksen necessitated loveriag the wazisys
allovable concentration of ¥C belov the current
lagal lisit of v mgsi.

Russ.; EBEng. Suse,

STANDARDS; OCCUPATIONAL EXPOSURE; ANGIONEUROSIS

<8I>

Filatova, VY.5.: Antonyuzhenko, ¥.A., (Changex in
hygienic conditions of work and occupational
disease-incidence anong vorkers engaged in the
production of polyvinyl chloride over a period ot
years.), Gig., Tr. Prof. Zabol. 15{a): 32-34 (t97Y),

Over s perfod of 16 years (1953-1968) air pollution
by vinyl chloride vithin vork presises of the
polyvinvl chloride industry has been correlated vith
the incidence of occupational diseasa. Impravesent
of machinery, equipaent, and vaentilation have
isproved hygienic conditions i{n the presises, The
clinical plcture, accordingly, shovs longer periods
of exposure before developaent of dizease,
Conslderable variability exists in clinical
sanifestations of chronic vinyl chloride poisoning
as a function of environmental air contamination.

Russ.; Eng. Suma.

RAYNAUD'S PHENOMENON; SKIN; BONE; NEUROLOGICAL;
CARDIOQYASCOLAR; OCCUPATIONAL ETPOSURE; EPIDEMIOLOGY

<Bax»

Pilatova, v.5,: Balakhonova, L.I.; Gronsberg, BE.S5h.,
Hygienic conditions in the production of vinyl
chloride., Gig. Tr. Prof. Zatol. 2: 6-9 (19%8).

For an estimation of the degree cf contamination in
the vork space air in a vinyl chloride production
plant, about 300 samples of air vere apalyzed for
waxinue, sinimum, and sedian coutent of
chloroethane, methanol, and vinyl chloride.
Iaprovesent vas directed tovard the elismination of
leakage and spills, insulation of portions of the
production, and increased affectiveness {n the
ventilation arrangesent of the vark space.

Russ,

CCCUPATIONAL ETPOSORE; INDUSTRIAL HTGI ENE

<85>

Filatova, Y.5.; Gronaberg, EZ.Sh.: Radzyukevich,
T.M.: Reznik, N.D,: Tosichev, A.I., (Hygienlic
assexsment of vorrlng condltlions and health status
of vorkers In the productifon of block
polyvinylchloride.), Gig. Tr, Prof. Zabol. l8(V):
1-6 (1978) .,

Air pollution in the polyvinyl chloride (PVC)
industry from vinyl chloride apd PYC dust {s caused
by the interwittent nature of the tachnological
process, reactor cleaning, imperfect sealing of
apparstus, and noise fros the machinery, These
unfavorable conditions correlate vith fanctional
dimorders ln sose vorkers, Resedlal aeasures are
recoasended.

Ross.: Ing. 3Suam,

OCCUPATIONAL EXPOSURE; RATNLOD'S PHEKOMEROR; SKIR;
CARDIQVASCOLAR: RO&AR

June 1975

<B6>

rilatova, Y.5,; Groasberg, B.Sh.; Swicnova, X.A.;
5tulova, E.Ai.; Oreshkavich, L.V,, (Industrial
hygiene and the state of health in vorkers enqaged
in the production of polyvinyl chloride latex).,
Gig. Tr, Prof, Zabol, 9(B8): 9~14 (196%5). (Ca67:
1036a3)

Individual sectlons of the polyvinyl chloride
production line are pervaded vith polyvinyl c¢hloride
dust and the vork premises are polluted vith viayl
¢hleoride, Some operators handling visyl chloride
shov changes in health conditions vhich are
characteristic of initial forws of chronic
polszoning. Health measures are recossended.

Rusax.

OCCUPATIONAL EXYPOSURE; INDUSTRIAL HTGIENE

<873

Pilatova, v.5.: Vinogradova, V.X.; Bashkitova, L.S.,
{Byglenic evaluation of vork conditions {no some
branches of chealcal industry operating In the open
air.), 6ig. Tr. Prof. Zabol. 17(8): 8-11 (197} .

Nev asmonia and vinyl chloride plants shoald be
bullt vith key tachnological equiosent outside ia
the open. Sanitation and hygienic conditions of
vork at existing open-air plants ate quite
satisfactory. A cosparison of air pollution in a
conventional factory and an open-air iastallation is
nade.

Russ.; Eng. Sums.

HOMAN; OCCOPATIONAL EXPOSURE; EQUIPMENT

[4: 10

Filov, Y.A., (Thermodynamic activity of volatile
organic compounds and their action on samsals.),
flofizika T (1) : 73-79 {1962).

The thermodynamic activity of B84 substanpces,
including vinyl chloride, vas fovestiqated in anice
and rabbits relative to non-specific biological
effects, PResultantly, thersodynasic paraseters
could he utilized only for an approxisatae
classification of substances according to their type
of action, The total suaber of carbon atoms in a .
comgound, along vith the logarithmic function of {ts
activity, could hovever be used for the prediction
of biological activity of corresponding
concentrations of sesbers of a hosologous series. A
similar relationship is effective for hypothesizing
a comparvative sechaniss of the activity for the
speclfic meabers of the homologous series.

AICE; RABBIT; WARCOSIS; THERMODYNANICS

<a9>

rtine, S.b., Yinyl chloride as an ingrediant of drug ////

and cosmetic aerosol products., Fed. Register
39(166): 10830 {Aug. 26, 197u),

Effective September 25, 19783, any aerosol drug
product containing vinyl chloride vas declared to be
a nev drug, and hence a nev drug application
approved under section 505 of the Pedearal Pood,
Drug, and Cosmetic 1ct is required for marketing. A
coapleted and signed "Notice of Claimed
Investigational Exesption (or a Nev Drug® is
required to cover clinical investigations as
aevidence that such preparations avre safs and
effective for purposes intended. Any cosmetic
aerosol product containing vinyl chloride is decaed
to ba adolterated onder section 601(a) of the sams
act, and is subject to regulatory action.

REGOLATION; LEROSOLS
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€<90>

Fishbein, G.¥., Publisher, Prof. Maltonl uses vigyl
chloride to produce angiosarcoama by gastric route.,
Occupatlonal Health and Safaty Latter 5(4): Y (1975).

On March 12, 1975 the Mational Institute for
Occupational Satfety and Health (NIOS5R) vas informed
that, in Italy, Cesare Haltonl had produced
anglosarcowa in rats by gasttlc intubation of vinyl
chloride (7C) in olive oll. Anqliosatcoma of the
thysus developed in one rat after 45 veeks of
feeding, and another aniwal daveloped anglosarcosma
of the liver after 50 veeks. Additional details atge
torthcosing.

RAT: ANGIOSARCOMA; LIVER; TRTYRUS; INGESTION

<9
rlinn, ¥.B,, Industrial exposures to chlorinated
hydtocarbons., Awser. J. Med. 1; 388-394 (19u64).

Thiz report revievs the toxicity of several
industrial chlorinated hydrocarbons --carbhon
tetrachloride, trichlocoethylane, chloroprene,
dichlorosethane, nhlorinated naphthalenes, snd (only
briefly) vinyl chloride., ©vinyl chloride (V(C) reacts
sowevhat like Adjchloroaethane, VG is reportedly
xlightly toxlc, i= narcotic, and causes alld
incoordination and ataxis as vell as increased
reaction time., fecauyse of this inductlon of
lethatgy, VC aay cause acclidents to occur vhen the
concentration is not hiqh esough to cause noticeabla
narcosis.

OCCUPATIONAL EIPOSURE: PROPERTIES; TOIICITY

<92>

Gabor, 5.:; Lecca-Radu, MN.; ®manta, I., (Certain
biocheaical indexes of the blood Ln varkers erposed
to toxic substances {(beanzene, chlorobanzene, vinyl
chloride) .y, Proa. Toksikol. i Kliniea Prof. Zabol.
Khia. Etiol. 221-223 (1962}. (GA &1 11212a)

Liver function and oxijdative processes vere studied
in #2 vorxers chronically exposed to vapors of
benzene, chlorobenzene, and vinyl chlocide, A
decrease in catalase activity and increase in
peroxidase and {ndophenoloxidase activity, and an
increase in glutathione level in the blood vere
observed after ! year 5f exposure to vinyl chloride,
Such a study {s recoassended for dlagnaszsls of early
changes in liver function.

Russ.

DIAGNOSTIC; LIVER; HUAMAN: OCCUPATIONAL “IPOSORE

93>

Gaycia Perez, Jose, la pollsetizaclon del Clofuro de
Yinile y sus riesqos, (The polyserization of vinyl
chloride and itz hazards,), Ion Rev, Eap, Qulis,
Ropl. 293 376-377 (1969),

Some of the Tuvopean literature concernlng the
polyserization of vinyl chloride and the resultant
potential hazards to health are revieved. Mo
teferances,

Span.

REVIEW

[3TH)

Gay, B.W,: lLonnesan, ®.A,; Bridbord, K.; Boran,
J.B., ReasurTements of vrinyl chlaride frow aerosol
sprays., Ann. %.Y, kcad. S5ci., 206: 286-295 (1975).

Pive experiments designed to detersine human
eyposure levels and decay of wvinyl chlotlide vere
perforsed in home and office environments which
alaulated norwal everyday use of the aeCosol sprays.
In all cases, the user is exposed to high peak
concentrations, even with good ventilation in the
room., The decrease in vinyl chloride concentration
vith time appears to be a dilutlion effect of roowm

ventilation.

An approximated relation of predicted
general population exposures from aemrosols to an
cccupstional erposure sitvation reveals that oo a
time-velghtad average basis, the erposuce could ba
vell above the currest proposed occupational
standard,

LEROSOLS; NOM-QCCUPATIONAL BIPOSOBE; STANDARDS

<95

Gedlgk, P.; Aueller, R.; Bechtelsheiser, #.,
Rorphology of liver damage among polyvinyl chloride
production vorkers, A report oa %! cases., Ann,
N.Y. Acad. Sci. 246: 378~285 (197%) .

Histological findings frow S cases of liver diseasa
vare classifled into five groups: 1) dagenerative
changes of liver parenchysa, 2} adaptive responzes
vere occasionally manifest as a ground-glass
appearvancea of the cytoplasa, attributed to an
adaptive increase of the ssooth endoplasmic
reticulua, 3} fibrosis vas found {n tvo forss -~
fibrosia of the portal tracts aad septa, and an
intralebulat, pecrisinusoidal, net-like fibrosis with
collagenlzation of sinusmoid walls, 8jhepatocytas
vere hyperplaseic vith evidence of proliferative
activity, and %) sinusoidal cells vere activated and
showed marked prolifeavative actirity, with
hyperchromatic and polysorphic nuclei vhich vare
ohvicusly an expression of polyploidy. Together
vith the pattern of the degenrrativa lesions, this
proliferation of sinusoidal cells way be cons{dered
rather characteristic of viayl chloride dasage.
There i3 an obvious relatjonshlp betveen the total
tine of erposure and the changes of the sinusoidal
cells, The proliferation and, particularly, the
pelyeorphlse and hypecchrosasia of the nuclef
clearly increase in propertion to e¢xposure time,

PATROLQGY; HISTOLOGY:; LIVER

<96>

Gibney, L., Toxlc Substances Control Act. Could it
preteat the vinyl ehlorides of towmorrov?, Ches. Eng.
Nevs 53(17); 12«13 (1975).

A House of Reprasentatives' varsion of last year's
Toxie Substances Control Act is expected in April.
Heatings are being hald (Racch, 1974) on the Senate
version, 5. 776. Aajor provisions of the Senate
version are: 1) The Environmwental Protection Agency
(PPA) adsinistrater 15 cequicved to prescribe
standards for test protocols for chesicals., 2)
manyfacturecs must notify the EPR adainistrator of
plans to sanufacture or import nev chemicals 90 days
before beginning comsercial production. 3) The
sdainistrator can approve sale and distribution or
either bhalt or restrict smanufacture and distributioan
of & chemfcal except for export, u) Hanufacturers
or cltizens may challenge tbe action of the
administrator through suit in 0.3. District Court.
S} Manufacturers are required to subeit safety and
health data from studies {n progress as vell as
those wade since 1935. 6} The director of EPL's
office of Toxic Substances is to ba a Presidential
appelntsent and wust be qualified in the chemicals
and health fleld, 7) The bill authorizes $1}
niliion for the fiscal year ending Juse, 1976, and
$12.6 willion to flscal year endiny Sept. 1977.

REGOLATION; RANUPACTURE

<97>

Gilbert, 5.G., Lov molecular waight components of
polysars used lo packaging,, Environ. Healtdh
Perapect, 11: 47-52 (1979).

Chronic torlcity of migraving residues and additives
fros polysers used in the packagiang of foodsx and
drags is of lasportance {n the increazing osze of suck
polyners. To develop useable and practiced safety
standards one mast consider the origin and chesical
nature of potential sigiants, the sethods of
transfaer, and the basic undarlying principles of
safety.

Environmental Health Perspectives
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<97> CONT.
STANDARDS:; HOMAN; NON~DCCOPATIONAL EXPOSURE

€£98>
¢itsios, C.T., Acro~osteolysis {in PYC vorkers.,, fed.
Ball, (Standard 0il Co., NJ), 31 (1-3): 89-56 (1971).

the sanafacture of polyvinyl chloride (PYC) and noase
literature relating to diseases of PVC polycleanhers
i3 revieved briefly, IZaso polycleaners hand-acraped
the reactors only after the concentration of vinyl
chloride aonower reached 50 ppa or less. The Zsso
Pappas PYC plant L= desctibed in the fllustrated
article vhich detaila the {ndustrial hygiene
measures and progras of sedical check-ups to be
folloved by employees of the plant.

OCCUPATIONAL EXPOSORE, REVIZW; ACROOSTEOLYSIS:
ROMAN; POLYCLEANER; RAYMAUD'S PHERCHENON:

<99>

Goethe, R.; Calleasn, C.J.; Threnberg, L,:
vachtselster, C.A., Trapping vith
J,u-dichlorobenzenethiol of reacti{ve aatabolites
foraed in vitro from the carcinogen vinyl chloride,,
Awblo 3(6)+ 238-236 (1974).

In expetiments to deteramine {f chloroathylene orxide
is formed as a reactive metabolite of vinyl chlorlide
(¥C) by epoxidation through sicrosomal
detox{fication enziywes, 3,4-d{chlorobenzenathlol vas
used as a trapping agent, An alr-vinyl chloride
sizture vas passed through the supernatant of a rat
liver homogenate freed from nuclei, aftochondria,
and other particles by centrifugation, The
supernatant vas fortified vith all necessary
cofactors for a aizxed function oxygenase systea, and
also wvith 3,u-dAichlorohenzenethiol, After 2 hours
of exposute to the VC jas, the mixture wvas extractad
with herane, and the fractlons vere analyzed by gas
chromatoqraphy-nass spectroaetry.
3,8-0ichlorophenylthicacetaldehyde vas identified by
its wass spectrum, isotope d{stribution pattern, and
base peak. A second peak vith molecular veight of
28, apparently foreed directly froa vinyl chloride
and the thiol, was not ldentifled. In another
experinent designed to trap only the volatile
retabolites of vinyl chloride, by eliminating the
thiol froa the liver homogenate and passing the TC
gas mixture through a second tube containing
J,u-dichlorobenzenethiol dissolved in sethanol, the
same tuo products vers found, tThe reaults are in
accordance vith the formations of chloroethylene
oxide andsor chloroacetsldahyde aa in vitco
netabolites of vinyl chloride,

BIQCHERISTRY; METABOLISH

<1005

Grigorescu, 1.,: Toba, 3., Vinyl chlorlde: Industrial
toxicologic aspects., Rev. Chis. {PBucharest) 17(f);
a99-501 (19AK) . (CA66: 1239p).

vinyl chloride may react vith vater at the level of
the hepatic cell, yielding ethylens
nonochlotohydrin, vhich may subsequently oxidize to
chloral and chloroacetic acid, An analytic method
uging paper chromatography and colorimetry vaa
developed for detection of chloroacetic acid ln the
urine, None vas deteocted in the urine of healthy
personnel, but 80% of the staff vho had heen
enployed 2-5 yeatrs in a viny) chlorlde proceasing
plant gave positive results. 1In these cases, the
alpha~globulin fraction of protein vas highar and
the gamna-globulin fraction vas lover than fin
persons with presusably no chloroacetle acld in the
urine. Thuos capacity to metabolize chloroacetic
acid seeningly decreased after 2 years of chroaic
{omsult.

Ron.

BURAF; BIOCHENISTRY: DIAGNOSTIC; OCCUPATIONAL
EXYPOSORE

June 1975

<10 1>

Gronaberg, I, Sh., Colorimetric detersination of
vinyl chlorfide in aicr., Khim., Prowe, 42(7): $10-511
(1966) . (CA 65: 17592a)

Aft 13 dravo through tubas contalalng activated
carbon, and the loaded carboa i3 then treated with a
1:1 mixture of acetic acid and ethyl alcohol. After
10 sin. an aqueoas sirture of potaisiow permasganate
and {odic acld is added and the mixture i3 shaken.
It is than decolorized with 3I0% =odtum sylfite and
centrifuged. A chrosotrople acld solaution ls added
and the mirture heatod in a boiling vater bath,
cooled, and diluted, The color is seasured at 574
nillinicronsa, or cospared vith standards, Ethylene
is an intecfereance.

ANALYSIS

<102» :
Gronsberq, E.Sh., Detersination of vinyl chloride in
thea alr., Gig. Sanit. 11: a3-uu (1994).

This method is based on broalamation of ¥C uxing a
soluticon of bromine in a 1:1 alzture of chlorofors
and glacial acetic acid, Sensitivity of the
deternination equals 0,10 aq YC per sample. YC 4=
absorbed fros the alr, at the rate of 10-12 1 At
during passage across chloroefors caoled to 10-1%
dugrees. Ethylene and chlorine do not presant
interference.

Russ.

ARALTSIS

<101

Hamilton, A.; Rardy, H.L., Plastics. 7Vinyl polysers
and copolywers., Industrial Toxicology. Publishing
Sclences Group, Ing., Acton, AA 3rd ed., J480-3ua
(197u).

Polyrinyl chloride (PYC) 13 a thermoplastic vhich
can be reheated and reshaped tepeatedly. The
finished pvC hasx been found to be vithout f{njurious
properties, but the wonoser, vinyl chloride (VC),
has recently become suspect as a potent carcinogen
since the report of several cases of hepatic
angiosarcomna in a =zingle YC polymerization plant.
Thersal dagradation products of PYD iaclude the . -
sonceer and hydrochloric acid fuses. Dizzinmasx and
confusion are caused by ¥C. Tt i3 i{mplicated is
acroosteolysis, a disease occurriny in wen vho clwan
PVC polymerization vessels by hand, although the
actual toric agent and its mechaniam of attack s
unknovn. One process for the production of vinyl
chloride uses marcucic chloride as a catalyst, and
has been responsible for the introductios of mercury
into natural wvaters, where it enters the food chain.

WERCURT; ACROOSTEQOLYSIS; RAYNAUD'S PRENOMENQNK:
POLYCLEANER

108> /

Aardie, D.W.PF., Vinyl chloride., Kirk-Othaer
encyclopedia of Cheaical Technology 2nd ed., S:
171-177 (1968),

An extensive patent bibliography is lacluded in this
raview of {ndustrial processes, physical and
chenical properties, aconomic aspects, technical
standards, haandling and toxieity, aad usax of vinrl
chloride (VC)., ¥C may be mtored or transported gader
ptexsure, and say bhave stabilizers added. Bylk
transportation i{s {p taok trucks, vith transfer to
storage vessels by pamplang or bloviag, sometines .
under a nitrogen atsosphere. Leakages sunst be
detected by means of soap solution, never a halide
laup, because of the flassability and exploaibility
of YC, VC exerts a narcotlc action like that of
athyl chloride a=s vell as being similar {n tox{city,
YC cagses dirricess and disorientat{on at S% by
volume, and at 20 to 80% it is rapldly fatal to
snall test animals, Concentration lo work spaces
should pot exceed 500 ppm, at vhich there Lu no
evidence of direct injury from proloaged exposare.
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<10u> CONT.
PROPERTIES: PATEYT; AANUPACTORE; USES; TOXIICITY

<105

Harris, D.K., Health problemz in the sanufacture and
use of plasatics,, 8vit. J, Ind, med. 10: 255-268
(195 .

A suryey of the most cosaon synthetic plastics and
associated materials is reported. EXxaaples of
addition polymers and condensaticn polysers, vith
cettain additives, are presented vith relative
clinical and pathological effects. Second-degree
burna received by accidental apraying with vinyl
chlori{de cosprise a caszsae study, 1Initial sensstlions
resaeabled local anesthesla, The condition healed
vithin tvo weeks,

SKIN: HUMAN; CASE STODT: INDUSTRIAL HYGIENE

<106>

Harris, D.K,:; Adaas, V.G.FP,, Acro-ostemolysis
occurring in men engaged in the polyaerization of
vinyl <hloride., Brit. med, J. (3): 712-714 (1967,

Tvo male autoclave cleaners engaged in the
manufacture of polyvinyl chlorfde displayed
acroostealysis in fingers and sacroiliac joints,
Also, the patells vas affected in ohe case, vhereas
in the other the phalanges of the feet vare
involved. faynaud's phenomenon and skin lesions
accospanied the condition, One man hid cleaned
autoclaves since 1950, the other singa 1960.
Aechanical methods of cleaning these aytoclaves
should be adopted,

ACROOSTEOLYSIS; RAYNARUD'S PHENOMENON: HOAAN; CASE
STUDY; BOKEZ; SKIN; EPIDZALAOLOGT; OCCUP ATIONAL
PAPCSURE

<107>

Heath, C,v,, Jr.; Falk, H.: Creech, J.L.,
Characteriztics of cases of anglossrcomss of the
liver among vinyl chloride vorkars in the Opnited
States., Ann. M,Y. Acad, Sci. 246: 231-236 (1975).

tpideaiologic features of vinyl chloride (VC)
indicate that either polonged exposure and/or a
long interval from initial ezposure {s required
pefore llver 41 sease becowes apparent. Nonaallgnant
diseases of the liver, as well as incidence,
clinical asxpects, and epidenloloqy of angiosarcoma,
vare included {n this study, nanifesytations of
liver dlsease atve quite variable, and detection vas
sometines difflcult until hepatic fibroslxz vas so
far advanced that splenomegaly and increased portal
pressure vere evident. A major concern is to
develop a sensitive means for detecting liver
disease in the early stagas.

ZPIDEMIOLOGY; DIAGNOSTIC

<108>
feath, C.¥,, Jr.: Key, n.#,, Natlonvile survelllance

of anglosarcoma of the livaer,, Arch. Eoviron.
Realth 29: 360 (1974),

In the Center for Disease Cootrol, the ¥ational
Inatitute of Occupational Safety and Health and the
sutean of Epidemiology have established a
sarvelllance registry for cases of anglosarcoma of
the liver in the 0.5. {n response to the fecent
discovery that some cases may stes {rom exposure to
vinyl chloride, Physicians ln contact with soch
cases ATe urgwd to contact the Center for Dimease
control, Bldg, V, Roow 520, Atlanta, Gi 30333, The
national morvelllance registry is pary of the
epldeniologic study nndervay to define the apparent
relationship betveen hepatic anglomsarcous and
azposare to vinyl chloride. Full partici{pation by
physiciana is solicited,

TPIDEMIOLOGY: LIVER; ARGIOSARCOAL; BUNAN; LETTER

<109>»

Heck, ¥.¥.; Plres, E.G., Grovth of plants fumigated

vith saturated and unsaturated hydrocarbon gasaes and
thelr derivatives., Texas Agr. Expt. Sta, AP~603 12

pages (1962).

Squash, cotton, cora, soybean, and covpeas vers
fumigated vith 10, 100, aad 1,000 ppa of acetylenas,
ethylene, ethyluna axide, pcopylens, and vinyl
chloride. Plant helght, leaf siza, flover bud
nusber, cotyledon injury, and an overall injury
index vere criteria for mffecta. Zthylene oride
appears to be a true tox{cant. Sysptomatology of
ethylane, acetylene, propylane, and vinyl chloride
injuries vere {dantical suggesting a cosson
metabolic pattern producing a phyalological
response. With the exception of ethylene,
concentrations of these gases vould reach
injurious-to-plant levels only in very exceptional
circumstances, and are not lsportant as air
pollutants. ¥ioyl chloride vas the least injurious
in a relative aaalyzis of all five gasaes,

AGRICOLTORE: TOIJCITY; PLANTS

<110

Hefner, R.B., Jr.; Vatapnabe, P.G.: Gehring, P.J.,
Prelimlnary studies of the fate of inhaled vinyl
chloride sonoaer (YCK) in rats., Environ. Health
Perspect. 11:; B5-95 (1975).

Rots, exposed to ini{tial conceatrations of vinyl
chloride wonoser (VCA) tanging from 50 to V167 ppa,
ratabolized the gas via a prisary pathway,
poatulated to involve alcobol debylrogenase for
levels balov 220 ppe. In rats exposed to
concantrations at and exceeding this level, the
prise pathvay saturates, and setaboliam odcurs vla a
seccndary pathvay(s}, postulated to be epoxidation
and/or peroxidation. For all coacentrations
disappearance folloved apparent first order
kinevics, Onrelated to dose, rat liver sulfhydryl
content (glutathione and cysteine) {» reduced
tolloving exposure to 50-15,000 poa VCX. The .
primary wetabolites of YCM seemingly react vith the
nonprotain sulfhydryl. The degree of reduction is
reduced vith repeated dally erposure. MNetabolltes
erxcteted in the urlne agpear to ha
S(2-hydrozyethyl)cyateliae and
S{2-carhozymethyl)cysteine and the N-ascetyl
derivatives. HXonochloroacetlic acld way also be a
setabolitae.

BIOCHEMISTRY; RAT; AEZTABOLISH; LIVER

<l

Hefner, R.E., Jr.i Watanabe, P.G.; Gehring, ¢.J.,
Preliminary studies of the fate of inhaled wiayl
chloride monoser in rats., Ann., X.Y. Acad. Scl. 286:
135-148 (1975).

Rats exposed to concenttations of vinyl chloride
(YC) belov 100 ppm metabolize it in t1/2 = 86 aln
but in concentrationas exceeding 220 ppm, vi/2 = 261
aln {ndicating that the predosloant pathvay is
saturable, Pyrazole lahiblts the metabolise of TC
sugqesting wetabolisa via alcohol dehydragensse,
Inhibition of setabolism of YC by ethanol vax leas
pronounced at coocentrations of 1000 pps than at 100
ppa, suggesting that metabolism occura via pathvays
other than alcohol dehydrogennse at the higher
concentrations. PMetaboliss via sicrosceal orxidases
1a suggested by the depresaion of uetabolisa by sk?
$3%-A in rats sxposed to over 1,000 ppa YO, with oo
effoct at levels of 65 ppa. MNopochloroacetic acld
vax found in urine of rats exrposed to 5000 ppa. ¥C
daily for 9 vaeeks. VG exposure reduces the
ponprotein sulfhydeyl concentration of the liver,
with a tendency for the redoction to hecose lesas
prosounced vith repeated daily axposmures. Ethanel
reduceus this depression of concentratfon of
nonproteln sulfhydryl o rats exposed to 1000 ppe
YC. In rata exposed to 99 ppa, TC im metabolized to
polar products vhich appear to be derlved after
inftial metaboliam of ¥C and subsequent conjugation
vith glatathione and/or cystaine througk covalent
bioding vith the sulfbydryl, Thess metabolites are

Environmental Health Perspectives
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<t1t> CONT.

excreted in the urine, a seall fraction ia
setabolized to CO2 and expired, and ancther seall
fraction appears to be retalned in the liver and
other tlasces for am long as 75 brs. HAypotheses
based on these observations arae discussed.

NETABOLISM; RAT

112>
Aeimann, A.; Lills, P.: Havkins, D.T., L

bibliography on the toxicology of vinyl chloride and

polyvinyl chloride., Ann. K, 7. Acad. S5cil. 2u6:
322-337 (197%) .

This bibliography of 3189 references is listed
alphabetically by firat author, together with
sequential nowbering, The bibliogtaphy is
sobdivided by ssbiect aatter into the folleving
cateqories vith pertipent twferences indicated by
nusber in each category: carfcloogenesis, Effectas at
cellular level discussed, Carcinomsa,
Hemanglosarcowa, vinyl chloride diseasas, Liver,
Liver clrrhosis, Porta)l bypertension, Lung effects,
Skin effects, A¢roostealysls, Geberal arperisental,
Thorotrast, Arsenie, Nltrosaslnes, polyvinyl
chloride, Mensaration and control, Industrial
processes, Plastics.

BIBLIOGRAPHY

<113

Hess, Z,Y.; Schneider, #.,; Roush, G,, Clislcal
studies in occupational acroosteolysis--a nev
disease., J. Lab. Clin. Med. T0(6}: 1023 (1967},

Tvanty sale vorkers undervent a cosptahensive
clinical investigation to detect involvesent of the
hematologic, fasunologlc, wetabolic, hepatic, venal,
cardiac, and pulmonary systems, which sight be
attributed to associlation with vinyl chloride
polyserization processes, Flfteen aen had Raynaud's
phenonena, of vhos 7 had temperatute changes on
provocative testing, 11 had skip changes with
tibrotic-1ike lesions on hands and forearms, and 9
had pseudoclubbing. Ten man had definite and 6 had
squivocal neurotrople-like changes ln the hands, and
4 vers norsal. Tvo had delayed eaprying of the
esophagus; none shoved x-ray lung chanqges. varying
dagrees of darssl sclerosis vere showa in 11 skin
biopales. Sowe or all of these lesioas, i{ncluding
bone changes, are reversible.

ACROOSTEOLYSIS: RATWAQD'S PRENONENOR; SKIN; BONWE;
LUNG; CASE STODY

<1163

Biraiva, K., Bffect of nargotics upop the flexion
teflex of rat., Osaka Daigaku Igako Zassi S(1):
95-100 (1952). (Ba 28: 1102%)

Disappeaarance of the flexion reflex im the hind liad
of the intact rat vas studied under natcotics, The
flexion reflex curve shoved that the latency of
fespoose to a single alectrical stlaulatlion was 12
to 15 sillisecoads and the peaks of coatraction
appeatad at 30 to 60, 60 to 80, 100, 150, 290
ailliseconds, etc. The group of narcotics vhich
included vianyl chloride 4id rot change the latency
period, bat the peaks at 250 to 400 sllliseconds
dizsappesred, and after 400 millisecoods other peaks
appearad,

Jap.; Eog. Sass,

FARCOSIS; WEORQLOGICAL; RAT

<115>

Bolsberqg, B.; Molina, G., The ilndustrlal toxicology
of viayl chloride. ) reviav,, Fork-edviroam.-hlth
1t 128-1a& (19708},

Thix reviav vith 89 geferences suasarizes the
pertioent litereataore on vinyl chlocide (YC) toxliecity
in man ard anisals. Techalcally, the sosat widely

June 1975

used synthesls of VC is by oxychlorinatlion of

ethylana, The monomer i3 cused as propellants for
deodorants, pesticildes, balr sprays, snd furpiture
polish, but its maln ose {s a3 resia for plaatic
production. Threshold liait values at the end of
1973 ware 100 pps in Veat Germany, 10 pps {n the
Soviet Onion, SO0 ppm ip Svedan and 200 ppa in the
United Statea, Standards vere lovered to a
tine-wolghted average of 1| ppe and a celliag value
of § ppu for 15 sinutes {n the 054 and Sveden as of
Japuary 1, 1975. 2Acute and chronis toxicity vith
syaytons of acroosteolysis, Raynaud's phenomssnon,
liver function abnormalities, and liver cancer are
discussed frow an epldeaiological standpoint.
Torlcological data from anisal studies indicate that
YC {5 a sultipotential carcinogen in animals and
pethaps Lin man,

REYIE®R; CANCER; ACROOSTEOLYSIS; EPIDEAIOLOGY; HOMAN;
RAT: RICE; INDOSTRIAL HYGIERE

<1i6>

Honwma, M. (Pd.); Crosby, H.J. (Zd.}, Syapoaslums on
torxicity in the closed ecological systea., Defense
Docusentation Center for Scientific and Technical
Tnforsation AD4WOR42, pp 9-18 (1963).

In a coepllation of all contawinants identified in
the atsosphere of a mercury spacecraft, the
cencentration of vinyl chloride was recorded as 0 to
1 ppa. UYxposures in spacecraft are unalleviated and
continuous for 24 hryday, 7 day/veak., New criteria
of safety are needed.

STANDARDS; SPACECRAPT

<1t

Hori, M.; Kobayashi, T.; ota, T., Vinyl chloride
soncmer odor concentration., Plast. Ind, Nevs

18 (11} : 16u~YER (1572).

vinyl ehlouride, a colorless gas at oorsal
tesmperatyre and pressure, producas narcotic symptoms
at 1,000 ppa. Though eaitting an odor sieflar to
chlarofors, the threabold of detection may vary 10
timas betwsen subjects, and further depends on the
subfects' acclimatization to the odor. Vinyl
chloride mononer was diluted vith ailr sad supplied
slovly in increasing —onceatration to the nostrils
of 5-10 workets selected at randos fres eachk of 13
polyvinyl chloride manufacturing plants. The stgnch
pecceptive concentration, a4 ratlio betvean the
concentration of gas and the percepti{on poliot, was
thus deterajined. Sixety percent of the vorkers
percelved the wofcaer at 500 ppa; 1,000 ppa vas
secessary for perceptioo by all vorkers.
Concentration of the gas belov the perceptive
concentration was studied by a gas detectlon tube
and gas chromatography.

SAPETY; OCCOPATIONAL EIROSURE

<118»

Iofante, P.F., Oncogeni{c apd sutagenic rtiaks in //,f
cosaynities with polyvinyl chloride production
facilitles., Conference on Occupational
Carcinogeaesis. Nev Yotk lcadesy of Scleaces, Nev
York, R.Y. (March 24-27, 1975), (Abstract)} Annm. N.T.
Lcad. Sci. (To be published)

L significantly greater nusber of childrean wlth
walforaations vers born dufing the period 1970-73 {a
the three Ohlo cossunities vith polyvinyl chlocide
production facilities, when cospared vith the
axpected salformation statistics for the eptire
state. The rate of malformations ia the inder
cities vas sigoificantly greater thao ia the .
counties {n vhich these cities vere located,
Coaparable coonty-city coablaations did not reveal
the same differences, fost notable ancsalies vere
those involving the central nervous systes: 17
observed va 5,62 erpected ssong live bicths; 8 vs
2.85 among stillbirths., In 7 cosmuaities a
siguificant excess of deaths from CXS tusors ia
adolt males 45 years of age and older vas observed,
these prelisinary findings indicate the need for
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<118> CORT,
farther study of posalble contributing factors.

BOTAGENICITY; TEIBATOGYSICITY: CARCIROGENICITY

<119>

Izeecoy, N, P,, (The toric action of vinyl
chloride,), Tech. Pub, Branch, Ianforwatlon Services
Div., EZPA Tr. 9-75: 1-10 (1974).

The developmect of chronle oecupational
intorication by vinyl chlovide was ficat established
by investigators of tha Gorky Institute of
Occupational Ayglene and Diseana in V9%,
Observations of 18} persons over a 27-year perjod at
the Institute shev that the anglonearoses and
acroosteolys{s avre only part of the clinfcal plcture
of intorication caused by the lndury principally to
the nervous systea, #ild acute intoxication
proceeds with a preparcotic syndrewe (nild
agitation, euphoria, nausea, disturbance of
coordination, somsnolence). Sywptoas vanish in fresh
alt, Symptoms aof chronic intoxication appear in a
sigrificant number of vorkers within a J-months to
S-yesrs exposure periol., 1Initial wanifestations are
Raynaud's syndrose and acroosteolysis, Later, in
addition to neurological disturbances, the liver is
enlarged in 1/) of all cases, vith zowe functional
disturbance of proteln setaboliss, There (= a
tendency tovard anemla vith sild hesolytic
phencaena, Gaye-Vernike type bralnates
encephalopathy aay develop vwith increasing asthenia,
gross aye-sotor disturbances, insafficlency of
facial and =zoblinqual nerves with makr-like face,
and qross deviation of the toagque. PRallucinations,
paroxyssal disturbances of consclouspess, and
dysphoric episodes way appear, HARypertension,
cardiovascylar insafflclency, and dystrophic changes
in the ayocardium develop in a significant numsber of
patients, Pperipheral hlood shovs a tendency tovard
erythrocytosis and enlarged forws of erythrocytes,
changex in the esophaqus and gastro-intestinal tract
are manifested by difficulty ia svalloving, choking,
fallnexs in the stomach. Acldity of tbe Stomach
conteats is reduced, sStructural disturbances in the
hrainstes section of the brajian account for most of
the observed disturbances of interpal orgaas and
disorders of vascular cegulation. Despite the long
period of observation on a large nuaber of patients,
no cases of heasnglosarcowa of the livrer verw
observed.

Russ.; Zng. Transl.

OCCOPATIONAL EXPOSIRE; PATNAUD'S PRENOAEXON;
NZOROLOGICAL; GASTROINTESTINAL; CARDIQVASCULAR;

ALOOD; AORAK; LIYER; ACROOSTEOLYSIS; ARGIOREUROSIS;
REYIZW

£120>

Jackson, R,L.; RcCormagk, %,B.; Rondestvedt, C.5.;

Sseltz, K.C,; Viele, I.E., Safety in the chemical

laboratory LX!. Control of perorxidizable

cospounds., J. Ches, Zduc. 373 175-188 (1970).
stracture, detection, and exaxples of cospounds
vhich are potential peroxide forwers are dlscussed
with saphasis on suqqested procedures for bandling
und gtorage., Yinyl chloride {s hazardous due to
perozide initiation of polymerization; storage
recomsendations inclode a yellow label and insuring
less than 12 wonths shelf storage.

PERDXIDE

EIPLOSIVE; SAFETY;

<121»

Jaeger, R.J., ¥inyl chloride acaonmer:
its hepatotoricity and interactioa vith
1,1-dichloroethylens., lan. N.Y. lcad.
150-151 {1975) .

Commepts on

Sci. 236:

A s{wilarity 1a noted betwsan vinyl chloride(vC) apd
vioylidene chloride (), V-DCE} although 1, 1=DCE is
the more rwactive and a potent hepatotozin, Vorksrs
at 3,F, Goodrich ia Loalaville vho devaloped
wngiomarcoss of the liver vera expossd to both

compounds. Atsospharic concentratloos of vYC up to —
8.6%% (v/v) produced no elevation of =serua
alanige-alpba-Xketoglutarate transasinase (AXKT) in
8-hr ezposaras to fasted rats, Ckroalc exposure to
YC cauaed reduction is rat liver glutathione
concentrations. ¥C prevented 1,1-0C% {afury in
fastad rats by an undetersined sechaniaa,
nonochloroacatic acid as a urinary aetabolite
suggests forsation of ethylene chlorohydrin am an
intersmedlate, Intrasolecular nucleophilic
dizplacenent of chlorise by the hydroxyl group ob
the alpha carbon results {p a positively charged
protonated epoxide vhich fulfilla the criteria tor

PRI N T R

electrophilicity of alkylating qroups asx a b
tequiresent for tusorigenicity. This hypothesis of X
toaorigealcity shauld be tested; other -
monchalosthenes say be sore toeorljenic than viayl -3
chlaride. (preliminary data) b
Z
CARCIVOGEINICITY; LIVER; )1,1-DICALOROZTHYLENE ;ﬂ
<122
Jueger, R,J.; Conolly, B.B,; mucphy, 5.D.,

Short-ters inhalatlon toricity of halogenated
bydrocarbons, =REffacts on fasting rats.,, Arch.
Environ. Realth 30: 26-31 (197%).

Yinyl chloride monomsr (¥C) was not hepatotoric to
fed rats or tats fasceed for 18 hours, folloving ¢ hr
exposures of 10,522 and 46,554 ppa, To test the
synerqgixs or antagoniss of YC with 1,1
dichloroethylane (DCE), the tvo vere adsinistered
sisgltaneocusly to fed and fasted rats, and smacus
alanine-alpha-ketoglutazate transaminase (AKT)
activity detersined. VC vas not toxlc at 1,122 ppe
in tasted rats, wvhereas DCE produced injury at 205
ppa. The combined exposuce of 1,056 ppe YC to 199
ppm DCEZ (a molar ratio of 5 to 1) resulted in
cosplete protection of fasted rats, Injury occurred
in 2 of 5 fasted raes at an equimolar concentration.
Simultankous exposure of [asted rats to 12,09) ppa

B gy Pt ity e 2ty g e

i et v

YC and 1,971 ppm DCE d4id not {ncrease elther seruns %
MRT or serus debydrogenase sorbitel (5D0H). Vinyl "
ehloride vas therefore antagonistic to the :
hepatotoxic effect of DCE. '
RAT; LIVER; FASTING; INTERACTIOX; DICHLOROETHYLENE i
<12 :

Jaeger, R.J.: Conolly, R.B.; Reynolds, 2.5.; Harphy,
5.0., Blochemical toricologyy of ussaturated :
halogenated monomers., Environ. Mealth Perspect. 11:
129=-128 (197%).

Inhalation toxicity studies shov that
1,1-dlchloroethylane, 1, 1-dibroancathylene, and
2-chloro-1, 3-butadiene are more toric to fasted rats
than to fed rats. Vvinyl chlocride monomer and
1,td{fleorcethylene vare not acately hepatotorxic at
46,500 and 82,000 ppm respectively in oorwal male
rats vhether fed or fasted,

TOIICITY; RAT '

-
-

<124

Jaeger, R.J.; Reynolds, E.S.; Conolly, B.B.; Hoslen,

A.T.:; Szabo, S.; Myrphy, 5.D., Acute hepatic {njury

by vinyl chleridae in rats pretreated vith
pbenobarbital., Nature 252(5885): 728-725 (1974).

Tiposure to 5% vinyl chloride sonoser (YCH) for 6
hrs in an inhalation cChamber caused acute liver
injury to rats pretreated for 7 days with
phenobarbital ({PBT). Injury vasz assessed at 24 hr
by serus anzyme aszays (alanine-alpha-katogluearate
transaslnase and sorbitol dehydrogenase) and
histology exanmination after petfusion firation
revealed vacuollzation of centrolobular pareachymal
calls and focal necrosis of sid-zonal patenchysa,
ten=£01d decrease in exposufe concentration to 0,5%%
YCM for & hr caused po apparett indury to either P8T
pretreated or non-pretreated rats. O0Only after
hoppretieatsd Cats wers axposed to V0% YCA (an
atesthetic dose) for 6 hr did a aslight elevation of
serum enzywes and centrolodalar vazuolization ocmur,
Activation of VYCH to an epoxide intersedlate aight

Environmental Health Perspectives
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£124> CONT,
occur by a wechani{xs siaflar to that proposed for

trichloroathylene,

RAT; PATROLOGY; INTERACTION; PRARMICOLOGT;
PAENOBARDITIL

125>

Jaeger, N,J,; Reynolds, B.S.; Szabo, 5.; Moslen,
B.T.: Hatphy, S.D., Inhalation toxicity studies of
vinTl chloride wonomser in phemobarbital or Arocler
1254-pretreated rats., Abstracts of Papers for laeh
Annoal meeting of Soclety of Toxicolojy,
¥illiawabarg, virginta, March 9-13 ({1975) Abstract
Mo. 27: p. 23 (1975).

Exposute to 60,000 ppm vinyl chloride (YC) led to an
approrisate 50-fold increase of serus
alaninea-slpha-ketoglutarate traosaslpase (SAET) in
7-day phenobarbital {PB)-treated fasted rats, wvhile
PB-treated fed rats only erhibited increased enzyee
activity approxzimately 7-fold, SAKT vas elevated
after exposure of PE-treated cats to 40,000 ppm YC,
but no fed-fasted difference vas appaTent. Also,
20,000 and 5,000 ppm YC sShoved no elevatios {m SiKT.
rasted rats, treated for 7 days with drocler 1254,
had elevated SAKT after exposure to 25,000 ppe YC.
Rat2 treated with 100,000 ppw ¥C alone for & hrs
shovad no elevation of SAKT,

INTERACTION; TOXICITY; RAT; FRENOBARBITAL; AROCLOR
125u

€126>

Jensen, 5.7 Jernelov, A.; Lange, R.; Palaork, K.R.,
Chlotrinated by-products fros vinyl chlovide
production: A nev source of marine pollution.,
Marine Pollution and Sea Life. H. Ruivo, 2d,,
Fishery Resources Division, PAO, Fishing Nevs
(Books), Ltd,, Surrey, Eng. 242-244 (1970).

Chlorinated aliphatic hydrocarbon (C-Cl) by-produces
of vinyl chloride production wvere sampled in the
North Atlantic from June to Septesber 1970:; toxicity
tesrs vere parforsed using algae, cod, plaice,
crustaceans, molluscs, and echinodermata. Cod and
plaice proved most sensitive; thirteen ppe caused a
50% reduction i{n photosynthesis. Chemical analysis
by chrosatography showed that C-Cl originates fros
industries on both sides of the Atlantic and {s
widely distribyeted. Degradation experiments showed
that the various C-Cl coaponents disappeared at
varying rates; i{n water vith no blologlcal activity
bovever, C~Cl remained unchanged up to 27 days at
roos tempeTature.

TOXICITY; BY-PRODOCTS; RARINE -

127>

Johason, C,A., €Clinical sanagessnt of vorkers
exrposed to vinyl chloride and polyvinyl chloride,,
Ann., N.Y, Acad, Sci, 286&: 313-319 (197%5).

The madical surveillance progras at the Goodyear
plant in Wiagara Palls consi{sts of the following:

1) a comprehensive medical history, 2) physical
exasination, 3) anterlor and posterior x-rays of the
cheat, 8) re-ray of both hands, 5) pulaonacy fanction
test, and 6) extensive clinical laboratory testing
prograa, Effective clinical wacagement must
inclade, in addition to the madical surveillance,
the cooperation of the toxicologist, the process
wogineer, the ladostrial hygleaist, the physiclan,
and tha vorker.

OCCUPATIONAL EXPOSURE; DIAGNOSTIC

128>

Jeehe, 3.; Lange, C.-P., Sklaroderaieartige
Hantveranderungen, Raynand-Syndros und
Llkroostaclysan bel Arbelteara der PYC-herstellenden
Indastrie. (Scleroderma-liXe skin alteratioas,
Raynaud's syndrose, and acroosteolysix {n workars in
the polyvinyl chloride industry.), Deat. Hed,
Yocheaschr, 97: 1922-1923 (19712).

June 1975

Cold sensitivity, irri{tation, bDusbness, blanching,
and paln of the fingers vere reported by saven
patients over a pariod of V to 3 /2 years. Later,
a drumstick~like ealargesent of the apds of the
fingers and an hourglass shaping of the pails
occurred. Clinical dlagnosis coafiraed 5 casasz of
Raynaud's zyadrowe. Knotty ivory-colored
infiltratas vers observed {a finger joints, backs of
the bands, and uoderarw areas while three pationts
erhiblted a thickened, fleshy, sask-like appaarance
in the upper cheek area. Band-forsing osteolysis
vas seen in flve patients. Disturbances of liver
and reapiratory function occurred in tvo patiants,
Differentiation of vinyl chloride effects from
sclerodersa {s possible by 1) the relative fraquency
in cosparison to sclevodersa, 2) erclusively an
11lness of wen, 3) lack of Llaportant early sysptonms
as shortening of tongue ligaments and sclerosis of
the esophagus, 8) asvelling and shortening of finger
end phalanges, and 5) acroosteolysis, seldom seen in
sclarodarsa,

Ger,

ACROOSTEOLYSIS; BONE: SKIN; RATHAUO'S PHENONENON;
LIYER; LONG; HOMAN; OCCOPATIONAL EXIPOSURE;
POLICLEANER

<129

Juehe, 5.; lLange, C.-E.; Steln, G.: Yeltaan, G.,
Oeber die sog. Yinylchlorid-Kctankheit (eine neue
Berufskrankheit), (The sgo-called vinyl chlorcide
illness, a nev occupaticnal illness.),
Berufsdermatosen 22: 4~22 (1974).

Lesions of skin, bones, vascular and hematopoletic
systems, liver, spleen, and luags suggest a systesic
disease causmed by prolonged exposuce to vipyl
chloride in actoclave-vorkers in the polyvinyl
chleride industry. The connective tissues undergo
an unknovn alteration together vith developaent of
‘fibrosis of the skin and of the vascular systes, and
perhaps of the lurgs and liver as vell., The agthors
Suggest Tenaning the syndrome called "occupational
acreosteolysis™ to the sore inclusive ters "viayl
chloride disease.”

Ger.; Eng, Suss,

LIVPR: SKIN: BONZ; LUNG; ACROOSTZOLYSIS;
QCCUPATIONAL EXPOSUORE; CASE STUOTY

<130>

Juehe, S5.; Lange, C.-B,; Stein, G.; Yeltman, G.,
Oeber die sogenannte Vinylchlorid-Krankheit, (The
so-called vinyl chloride {llness.), Deut. Ned.
Vochenschr, 98: 2034-2037 (1971)).

Thirteen wvorkers aged 29 to 50 yrs (avg 39 yrs) with
an ewploysent span fros 2 to 18 yrs (avg 7 yra) is a
polyvinyl chloride sanufacturing plant werge
exanined, Pirst sysptows appeared in 11 patients
batveen 1 1/2 to 3 1/2 yrs erposurs to the soooser.
In 2 patients sysptoms appemred at 7 and 11 years
exposure, Initial sysptoms included cold
senaitiviey and ouabness or crippling in hands and
feet; thickening of finger-eands ani loosening of the
nails: and general coaplaints such as fatigue,
sloving of responses, forgetfulness, dizzinesx and
nausea at vork, sweating, upper abdominal
discomnfort, and skin changes. Principal findings on
exasination vere: splencmagaly of either a primary
toxic origin or a secondary effect: toxic liver
dawage ranging from slight histological alteratioons
to hypertrophle cirrhosis in the portal area and
{ntrahepatic¢ block in advanced cases; restrictive
alterations and partial jnsofficiency f{n the
respiratory systea perhaps due to the zame -
alterations in collagen and elastic fibers seen in
the skin; cardiovascular disturbances evidenced by
Raynaud's phenomsenon and cold sensitivity,
thrombocytopenla, reticulocytosis, and leacopenia;
changes in the esophagnas; and chaanges in the skin
apd bohes vhich led to baadforming osteolysis and
fraguentation of the phalanges. The sysptos cosplex
iz not a knovn syndrome, and etiology and

271
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<130>» CONT.
pathogenesis are st{ill to be clarifiel. V¥inyl
chlorida is implicatad in a brief lltarature reviev.

Ger.

ROMAN; CASE STOUDY; REVIEV; LUNG; LIVER;
CARDIOYASCOLAF; RESPIRATORY:; BORE; SKIN;
ACROOSTEOLTSIS; RAYNAUD'S PHENONENON

<1y

Kaltaanovich, P.L., {Sanitary-chesical
characteristics of polyvinyl-chloride floor
coatings.y, Gig. Sanit, (Hyg. Sanit,) JI(1-1):
274-280 {1968) .

Alr above polyvinyl chloride tiles ani floor
coverings vas exasined for vinvl chloride, Analyses
for unsaturated hydrocarbons vare perforaed at the
sase tise as those for vinyl chloride. HNelither
hydrocarbons nor vinyl chloride were celeaged after
30 days, but the liberation of torlc substances
during the first 30 days vas sufficient to requice
an intensive ventilation peciod of 1 1/2 to 2 months
before use in children's {nstitutions. Purther
toricological investigitions were recomeended., The
laboratory procedures are detalled.

fuss.3 Enqg. Transl.

SAPETY: DEPOLYMERIZATION: CHILD: HOMAM; STANDARDS;
RON-QOCCOPATIONAL ZXPOSURE

132>

Keplinger, A,.L,.; Goode, J.¥.: Gordon, D.E_:
Calandra, J.C,, Interian results of exposure of rats,
haasters, and mice to viayl chloride., Ann. w.Y.
Acad. Sci. 2u6:; 219-226 (1979 .

An interim suosary of tusors in alce axposed to
vinyl chloride for 8 months in ccacentcations of S0
to 2500 pps, shoved tuaacrs in lung, liver, and
mammaly glands, vith aetastases of the zameary
tusors to the lung at all levels of erposure, No
tusors have been obsarved {n rats orf aaasters
exposed to 50 ppe, but angiosarcomas xay have heen
observed {n one smale hamster and one aale rat
exposed to 2509 ppm, and in one feeala rat exposed
to 200 ppa. These tentative data wil) be expanded
as the study continues,

CARCINQGENICITY: RAT; MICE; HAASTER

<133
Kern, W.H., Vinyl chloride and liver tumors., JAMA
229¢10y: 1286 (1974).

This letter to the editor sakes the distinceion
betyeen primary carclnoma of mesoderaal origin, a
type of sarcoma, and prieary carcinosa, a tamsor cf
considecably greater frequency., The tvo types have
been confused in certain comeents oo the literature,

LIVER; CARCER: DIAGNOSTIC

<13u>
Key, A.A., Occypational dermatitis froe plastics.,
J. Bed. Assoc, GA S57: 421-824 (14968).

polymers caase little dermatitis. most industrial
dersatitis in the polymer fiald occurs in curiog or
hardening of thermosetting resins, and ls caused by
wonomers, lov molecular velght polymars, condensate
cosponents, or add{tives, The acute scage is
vanifested by erythema, edema, and vesicles, and i=
sccoapanied by proritis, The chronic stage has a
dry, scaly, fissared, and lichenified appearance and
i3 alaso pruritic., Polyvinyls have caused little
dermatitis, and ontil recently the polyviaryl
sannfacturing process vas thought to be safe.
lcroosteolysis vas firat reported in 1968 aamong
polycleanars, sad is thought to be caosed by vinyl
chloride aonoser or by a peroxy-oeoapound, The
scrooateolysis i3 usnally reversible {f detected
warly.

ACROOSTEOLYSIS; PQLICLEANER; DERMATITIS; SKRIN

<139y

Key, ¥.%., NIOSH Recommended Standard for
occupational exposure to viayl chloride. (Bicerpts
{rom a Karch 11, 1974, aesorandus.), National
Institute for Occupational Safety and Health, 0.5,
Departaent of Realth, Educatioa, and vaelfare 0.S5.
Government Printing Office: 657-060,2007 (1974).

on January 22, 1974, B.F. Goodrcich Chesical Co.
informed NIOSH that several deaths may have been
telated to ocgupational exposures, particularly
those in the area of vinyl chloride polyserization.
On Pebruary 1, 1374, a briefing betveen RIOSH/CDC
and other Pederal agencies vith heslth research
responsibilities concluded that viayl chloride was
the prime etiological agent 1n causing angiosarcosa
of the liver as an occupational dismaze, At ac O0S5HA
Inforsal Yact-rinding Heavring on Possihle Hazards of
Vinyl Chloride manyfacture and Use on FPebruary 15,
1970, some prelisinary data vere oresented vhich
shoved {nduction of angiosarcoma of liver and other
aorqgans, as vell as other cancers, in rats exposed to
vinyl chloride. Consequently it is recomaended that
any esployee exposed to measurabdble concentrations of
vinyl chloride shall vear an alr-supplied
resgitatar. The eaployer 13 tequired to develop a
Control Plan to reduce airborne concentrations of
vinyl chloride to levels not detectable by the
reccanenied sethod, The standard applies only to
the manufacture of sSynthetic polymer from winyl
chloride, Requlated areas shall ioclude losding
oprrations; storfaqe and transfer facilitiesx;
polyaerization processes and operations; and resin
handling, cospounding, packaglng, and storage areas.
Routine opetations shall include 1) Amsssuresent of
vinyl chloride in afr at strategic sampling points
ander normal operating conditlions, 23 Control Plan
faor centrolling vinyl chloride levels and
developing additional healthful vork practices, 3}
periodic tests far leaks or eaission of vinyl
chloride, ) Use of full-face, air-supplied
respirator unti} eaxposure to vinyl chleride is
reduced belov detectable levels, S} Specific and
detalled transfer procedures for loading or
transferring vinyl chlogide wonomar, 6) Pull-body
protective clothing 1n requlated areas, and 7
Ispecrvious containers for disposal of protective
clothing and equipment, Reactor and vessel entry
procedures and techniques shall be developed to
sininize employee exposure to vinyl chloride, .
maintenance and decontasination activities are two be
condycted to prevent alchorane contasination and
sccidental skin contact, A roster of eaployees
entering regulated areas shall be maintainad for a
period af 20 yeags, Emergency proceduraes,
{informative signs and labelling, and training
requirearnts are established., Pru-eosploysent and
periodic health exavinations directed primarily to
detect liver disease ands/or hepatic tumor shall
include the folloving tests of livar function: a)
total bilirudin, b) alkaline phosphatase, ¢) serus
glutamic oxalacetic trapsaminase, d) serus glutawmic
prruvic transaminase and e) gamaes jlutamyl
transpeptidase. Requlated aresas, nusber of
eaployees in each requlated area, and a Control Plan
shall be reported vithin 60 days to OSHA; results of
air measurement samples shall be reported
sewni-annually; and all incidents vhich release vinyl
chloride monoeer to eaployee exposure shall be
reported,

STANRDARDS; OCCUPATIONAL EIPOSURE; HUAAN

<138

Kovac, A.; Kurajlca, L.; Juric-Ruilc, D.; Parac, 8.,
scropathia extresitatum in polyserisatione
vinylchloridl -- nev occupational disease,,
Lifecnicki Yiesnlk (Aed. J.) 9V{1): 5-17 (1969},

Case studies of aytoclave cleaners in a polyvinyl
chloride (PVC) masofacturing plant led to the
designation of tha nevly observed occupational
dlscaze as "lcropathla extresitatua {n
polyserisatione vinylchloridi”® to zoaprise all &

Environmental Health Perspectives

-

s
o

.inﬂﬂﬁr{klﬁﬂ#*ﬁi

vy

S e R Rt b L b B P Py SRR B

it

B R Ll R e NI

- PR o L T

g Rt ol N

LAY (191

SR T Ny &




JRPRPDIL LM RR) PTRPRLY T W1 3 L S NRTS S gy

Ll

L Mg

<136> CONT,

stages of the disease vithin the definition and
esphasize the occupational oriqin., The =stages are:
t) translent subjective Raynaud-type syaptosz such
as pallor and nuabpness, 2) changes in color and
quality of skin, 31 cosblnation af | and 2 vith
recent, =shallov, sarginal, bony lesions of tersinal
phalanges, ) combination of 1,2, and 3, wvith
definitive bone changes, lncluding permanent
shortening and thickening of fingertips vith
applanation and transversal widening of naf{ls., If
the vorker is remsoved from exposure, proghosis is
velatively favorable vith no sarked dacreases in
vorking abllity, although fingertips are permanently
deforaed vith lessened tactile sensitivity.

ACROQOSTEOLYSIS; CASE STODT; OCCOPATIONAL EXPOSURE;
BONE; SKIN

<137>

Kraser, C.G.; Mutchler, J.X.,, The correlation of
clinical and environmental seasuresents for vorkers
exposed to vinyl chloride., Awer. Ind. Hyg. Assoc.
J. 33N 19-30 (137 .

A nevly developed statistical technique correlates
clinical sanifestations vith individusl lavels of
enviranaental vinyl chloride exposure. A
retrospactive survey of 98 healthy male vorkers
erposed chronically to vinyl chloride for periocds up
to 25 years indicates that vinyl chloride, together
vith smaller amounts of vinylidene chloride, causes
certain physiological and clinical changes. “The
rstep-vise multiple linear regression analysis®
technique tequires good environwental and medical
data in substantial guantity for relating mesasured
clinical changes directly to measured erposure,
More studies are needed on vorker populations
exposed only to vinyl chloride.

PEVIEW; STANDARDS; NCCUPATIINAL EXPOSURY; MODEL;
CASE STUDY: EPIDZAIOLOGY

138>

Krantz, J.C.: Carr, C.J,: PMusser, R.: MHartne, ¥V.G,,
The effect of chlorinated ethylenes on the perfused
leq vessels of the frojy., MArch. Tnt. Pharmacodyn.
52: 369-372 (193%).

The vasoconstrictive actlon of ethylene, vinyl
chloride, cis and trans dichloroethylane,
trichloroethylene, and tetrachloroethylene vas
investiqated by perfusing the vessels of frog's
legs. Vvinyl chloride vas dissolved in Ringer's
solution contafining 5% methyl alcohol. A saturated
solution of phosgene in a parallel erperiment tested
the effect of decomposition products of the
chlorinated ethylenes: but no vasoconstrictive
effect vas found, nor could vinyl chloride be
prepared in sufficient concentration to elicit a
response.

NEOROLOGICAL; CARDIOVASCULAR

<139>

Kudryavtseva, 0.PF., (Characteristics of
electrocardiographic changes in patients with vinyl
chloride polsoning.), Glg. Tr. Prof. Zabol. 14 (8):
54=-56 (1970}.

Together vith the vasonenroses in the clinical
pleture of chroanic vinyl chloride intarication,
disturbances of the card{o-vascular systes vhich
appear on electrocardiographlc exawmitation cccopy a
significant place. Condition of the patient's heart
cah be folloved and supervised by weans of the
electrocatdiograph.

Rusa.
ROMAMN; CASE S5TODY; CARDIOVASCULAR; ANGIOFEUROSIS
<140>

Kueblar, H., The physislogical properties of asarosol
propellants., Aarosol Age 9(4): 88, 47-48, 50, 90-91

June 1973

(19€4) .

Yaper pressure, bolling point, solubility, chemical
resistance, flaswabllity, and lov toxicity ace
isportant in aerosol propellants, One hundred and
tventy each of wice, rats, and quinea pigs, (a2
groups of 10 (5 sale, 5 female), vere e¢xposed 2 hrs/
day for 100 days to an open inhalation systes with
constant alr flov of 0.5, 1.5 and 5.0 vol % of
several propellants, iancluding vinyl chloride.
Aoimals vere fed a norsal diet and weiqhed veexly,
No effects fros vinyl chloride vere noted up to
1.5Y; 5 vol % increased mobllity and then reduced (¢
as testa progressed. [Effects vere reversible.
Growth, blood pattern, condition of the liver, and
histopathology and morphology of internal oggans
vere normal. One qras viayl chloride yielded 39.5%
ag CO, 0.1t aug phosgene, and 102 »7 ACL at 1000 C in
thersal decosposition tests. Mo skin reaction vas
observed {n 500 tests with 50 patients using aerosol
propellants, including winyl chleride.

AERQSOLS: TOXICITY: DEGRADATION; BRAT; RICE; HURIN:
GUINEA PIG

<151
Kuyebler, H., Yinyl chloride and methylene chloridae.,
Parfues, Koswet, HO(U11}): 625-627 (1459).

Seventy gqrass of viayl chloride can be sprayed i(n a
50 cubic seter space before reaching the Maxiaowm
Acceptable Concentration of %00 pps. . Up to 100
times this amount, or 20 eighteen-ounce cans of
spray will preduce only a slight physiolegical
effect. HNarcosis begins at 12 vol £ or the
equiralent of 50 aighteen-ounce cans, TFavorable
ptoperties of vinyl chlorjde for an aerosol aediuynm
include a pressuce of 2 ataospheres at 20 degrees €,
gqoad solvent properties for lacquers and perfumes,
lack of odor, high ignitioa tesperature,
dersatological inertness, and very low torxicity.
methylene blue »r copper ion are effective as
polymerization inhibitors in the spray cans,

Ger.
AFROSQLS; HWUMAN; PROPERTYES; TOTICITY

{1a2>»

Kuebler, H#., Vinyl chloride as an aarosol (e

propellant., Aerosol Age 3(9)y: 26, 28, 59-61 (19584).

An inhalation test of vinyl chloride (VC} perforsed
on mice indicated that exposures to 0.5 and %.0%X by
voluse ¥C (2 tises/day for 60 days for petieds of

1/2 hr each) produced oo observable changes in
behavior, wvall-being, or appetite. No damage or
bodily injury vas observed on dissection at ejther
concentration., Dermatological testx using an
aerosol sun-tan oil pressurized vith vinyl chloride
applied over a 5 day period to ear-lobes and
arm-pits of people aged 18 to 73 years shoved no
skin reactions. MRaxisum allovable concentration is
quoted at 500-1000 ppa, and the safe experience of .~ .
loaders and fillers of aatosol canas over a period &f -
years 1=z cited.

0ZvSEL S®YH

AEROS0LS; NON-OCCUPATIONAL EIPOSURE

<1

Lange, C.-E.; Juehe, 5.: Stein, G.; Veletman, 4.,
rurther tesults ian polyvinyl chloride predoctiosn
vorkers., Ann. N.Y, dcad. Sci. 2u46: 18-21 (1975},

tifteen vorkers i{n the polyvinyl chloride (PVQ)
processing industries (mixing and manipulation of .
basic PYC povder in processes where gases, fuses,
and seoke tend to develop) vere srasined.
Occopational exposure to PYC ranged from 1 1/2 yrs
to 13 yrs with an avg of 5 yrs. Coaplaints locluded
pressare and/or pain {n the upper abdosan,
ditziness, cold hands aod feet, apd leg veaknesxs,
Clinical sywptows included throabocytopenla,
increased BSP retention time, reticanlocytoals,
laukopenia, splenomegaly, and chacqes {n the liver,
Two recowsendations are sade; a) Aass wrxaainations
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of PYC production vorkers be extended to pVC
processing industries, b) Research on the liberation
of vinyl chloride monomer during PYC processing be
instituted, A second probles concerns the
detersination of a causal relatianship betveen
vorking in PVC production and the foraation of
lethal malignant tusors., Tvo case biatories are
presented, but no definitive connectlion {s dravn,

OCCUPATIONAL EXPOSURY®:; SPLEEN; LIVER;
THROABOQCTYTOPEN IA: LEOKOPENIA; RETICOLOCYTOSIS:
CANCER: HORAN; CASE STODY
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tange, C.-Z,; Juehe, S$.: Stein, G.; Yaltman, G,, Die

sogenannte Vinylechlacrid-Krankheit--elaoa

berufshedingte Systeasklerose? (The so-called vinyl

chloride sickness - an occupation-related systemic

sclerosis?), Int. Arch. Arbeitsaed. 232: 1-32 (1974) .
Ay

Oyt of 13 vorkers emploved at a polyvioyl chloride
factory for 1 3,48 vto 12 years, 8 had
scleroderasa-like skin zhanges: 7 patiants had
thickened finger phalanges; 1) patients had
girculatory disturbances; U had Raynaud's syndrowme;
and f had band-like osteolysis of the tersinal
fingetr phalangas. Thronbocytopenia vas observed in
all patients; 12 had splencosagaly; V1 had liver
salfunction; 4 had esophageal varices; and 8 had
pulsonary insufficiency. Long-tera exposure to
vinyl chloride vapors is suspected of causing these
ertensive pathologic changes. The sujgested name
for this systeaic Adisesase is "vinyl chloride
diseasen.

Gec.: %ng. Suama,

CCCOPATIONAL EXPOSURE: SKIN; LUNG; LIVER: ESOPHAGUS:
ACROOSTPOLTSIS; RATNAQD'S PHENONENON;
THROABOCYTOPENIA; CARDIQVASCZULARS EPIDZAIQLOGY:
OSTEOLTSIS
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tange, C,-E,: Juehe, 5.; Veltman, G., Liver
angiosarcoma in tvo vorkers in a pvC-producing
factory., Deu*., Med. vochenschr, 99: 1598-1599
(1974 .

Case studies describe tvo vorkers in a1 polyvinyl
chloride wanufacturing plant vho died of
anqiosaccoas of the liver after 11 andl 12 years
exposure, Tn viev of siailar case histories fros
other countfies and the results cf anisal research,
the authors are lead to the assumptioa of an
occupationally related cause,

Ger.; Eng. Summ.

ANGIOSARCONA: LIVER; OZCOPATIONAL EXPOSORE; CASE
STUDY

CAu6>

tassiter, D.V,, Case Study 3, ¥9inyl Zhloride--best
available technology., Conference on Occupatiocnal
Carcinogenesis, ¥ev York Acadesy of Sclences, New
York, R.Y. {March 2u-27, 1979 . {Abstract) Ann.
¥.Y, Acad, Sci. (To be published,)

The standard for vinyl chloride (¥Q) wmarked the
first Federal attespt to regulate occopational
exposure to A& carcinogen on the basis of available
analytical methodology. The isportance of polyvinyl
chloride (PVC) to the Nation's econosy rendered ze2fo
erposute limits ispractical. ZExposure vas therefore
limjted ¢o ! ppa on an A-hr tlwe-veighted-average
and 5 ppes on & 15-aipute time-velghted average,
based on recommendations by the Kational Institute
for Occupational Safety and Bealth, vhich
represented the sensitivity of availabdle analytical
sethodology for determination of cospliance.

STANDARDS: ANALYSIS
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17>
Lavery, 0.3.; Wilks, P.A., ¥inyl chloride analysias
by infrared spectroscopic sethods., Amer. Lab.
A(10): 53-60 (197a).

Continuous industrial monitoring is required in vorx
area surveys, in leak detection, and in potentially
bigh-hazard areas, Infrared analrrers are cosparad
vith other types of detectors as to speed,
densitivivy, stability, specificity, reliabilicy,
accuracy, portability, and maintenance requirements,
Characteristics of i{nfrared vinyl chloride
analyzers, and {aftfaced asalytical data for vioyl
chloride are presented. QIxparisental portable and
fizxed-installation infrared analyzers are described
vhich are fall-safe and require little waintenance.
Gatput from sach monitorz can be computerized for
data =torage, erposure calculations, and varnings of
hazardous levels, Comparison of wethods are
tabylated for; flame lonizatlon hydrocarbon
analyzers, halide detectors, automated gas
chiosatographs, and selective vavelength {(infrared)
analyzers vith long path cells,

ANALYSTS; OCCUPATIONAL EXPOSURE
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Lee, P.I.: Harry, D.S5., Asglosarcoms of the liver in
a vinyl-chloride vorxer,, Lancet 1{7870): 1)16-1318
(1974) .

A 71-year-old man, vho had vorked in the production
of polyvinyl chloride from vinyl chloride wononer
for 20 yrars, vas adaitted to enargency treatment
vith sassive edesa, soderate ascites, and a palpable
liver. Liver scintiscan shoved diffuse liver
enlarqgenent with patehy uptake, and liver-biopsy
shoved frageentation, but norwal architecture.

Thete vas no evidence of hepatomwa or fibrosis, but a
sild portal-tract infiltrate vas noticed, The
overall plcture suggested cirrhosis, Tvo veeks
later the patient died suddenly, The liver wvas
composed of irreqular interconnecting reddish-browa
honeycombed areas of malignant hemangioendotheliona
(angiosarcosa) separated by pale brown liver tissue
of apparently norsil structure. Adijacent tissue was
infiltrated, but in areas avay froam the tumor, there
vas no evidence of cirrhosis. Angiosarcoma of the
liver appears to be an occupational tusor with
considerable variation in Susceptibility; vinyl
chloride is the suspected carcinoqen. .

CASY REPORT: REVIEW; LIVER; RUMAN; ANCIOSARCOMA:
CASE STUDY
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Lefaux, R., Yinyl chloride., Practical Toricoloqy of
Plastica, Chemical Rubber Co. Prass, Clevaeland, OH
Pt. 2, Ch, 1, Mo, T: B80-83 (1968).

vintl chloride (VC) -~ CH2CHCL, monochloroethylene

-- i{s at ordinary tesperatures a colorless gas vwith

4 sveet, though not marked, odor. VC polyserizes

very readily. Vapors forwm inflasmable mirtures with P
air above =78 C; 4-22% volume in air i{s exploaive,
Flawes are controllable vith carbon dioride, Animal
experisents shoved parcosis ranglng from no sigas ia
880 min at 10,000 ppa to death in 10-20 sin at
400,000 ppa, Over 500 pps irritates the eyes.
Physiologlical actlon is compared vwith ethyl
chloride. At 1,000 ppm husans showv slight
anexthesia, drovsioess, slight visual disturdances,
faltering gait, ouwbness, and tingling of
extresities, ¥C ix a prisary skin and sucus
irritant, and rapld evaporation can cauvse buras.
Yactory ventilation should allov no wmore thaa the
saxisus parsittad concentration of 500 pps or 1,300
mng/el (Great Britain and US1, 30mg/m) {n Russia).
Exposure to higher concentrations necessitates use
of safety goggles, gas wsask, apron, and ctubber
gloves, vinoyl chloride 1s sot corrosive vhen dry,
but {n the presence of moisture it attacks iron and
steel. It can be transpofted apnd stored at tocs
tesperfature under pressoce.

Fr.; Eng. Transl.
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€150>

Lehaann, K.B,; Flury, F,, Ropochloroethylene (¥ioyl
chloride)., Toxicology and Ayglene of Industrial
Solvents, Williaws and ¥ilkics Co., Baltimore, nd.
pp. 170-172 (19u3),

Local {rritation and general toric effects froa
vinyl chlaride (¥C) are very slight. YC is suitable
for supplementary narcosis because of low toxicity,
vide range of effect, lov concestratlion in the blood
(15-17 ag<® in narcosis), and rapid elimination (82%
in 10 min), Heart and blood pressure are not
affected, and there are no after-effacts, fAice and
rats had no liver or kidney {njuries after 4 hrs
exposure per day for S5-8 days. Dogs shoved no liver
or kidney dasage after repeated exposures at 10 vol
%, but at 20 vo)l % kidney respiratory paralysis,
strong saliva flov, and vomiting occurred., tLieiting
concentration for narcosis in humans is 7-10 vol ¥;
above 12¢ is dangerous, Death occurs due to
vespiratory paralysis vith resultant heart arrest,
Ayperemia of lung and xidneys, and pulmonary edewa,
but no serlous pathological changes vare found on
dissection of test anieals. Confusien,
intoxication, headachex, burning of the soles of the
feet, and other subjective disturbances eccur in
husans, bwt recovery iz rapid.

Ger.; Eng. Transl.

TOXICITY: RAT; RMICE: DDG; GUINEA PIG; HUMAN; NARCOSIS
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Lester, b,; Greenberg, L.A.; Adams, ¥, R., Effects of
single and repeated exposures of humans and rats to
vinyl chloride., Amer, Ind, Ryq. Assoc. J. 24:

265-275 (1963} .

Rats exposed to S% vinyl chleride for up to two
hours exhibited woderate intorxlcation; respiratory
fajlure occurred at 15%, Rats exposed to 5% daily
for 19 days or to 2% for 92 days shovad increased
spleen and liver velghts, decreases in vhite cells,
and an increase in red cells, No effacts vere
observed on the lungs, grovth rate, hasoglobin,
hematocrit, or prothroablin time. Increase in liver
veight vas associated vith worphological changes in
the liver vhich appeared to have no pathological
slgqnificance, No weaningful morphological
alterations vere evident in elther kidneys or
spleens., Based on these experiaental results, the
accepted threshold limit value of 500 ppw seewns to
offer an adaquate wargin of safaty for human
axposure.

STANDARDS; RAT; HOMAN; NON-DCCOPATIONAL EXPOSURE;
LIVER; SPLEEN; KIDNREY: LONG; BLOQD; OCCOPATIONAL
EXPOSORE

€152>

Lilis, R.; Anderson, R.; Nicholson, ¥.J.; Daum, 5.;
tischbein, A.5.; Selikoff, I.J., Prevalence of
disease among vinyl chloride and polyviayl chloride
vorkers., Ann., X.Y. Acad. Sci, 2u46; 22-81 (1975 .

fore than half of 358 vorkers with vinyl chloride
{YC) erposure ranginog from less than 2 yrs to mote
than 20 yrs reported symptoms of acute prenarcotic
effects. Prevalence of the folloving abnormalities
increased vith length of VC erpomare: abnorsal
¢irculation in fingers and toes, cmnosis,
sensitivity to cold, numbnessy and tingling of
fingers, Raynaud's syndrowe, and abnorwal Allen test
indicating delayed artearial clrculation, Both total
exposurs and duration from onhset of erposure vere of
fsportance in the Lixelihood of abnoreslity.
Hepatosegaly vas found 1 15% and splesomegaly in 3%
of the vorkers. ) correlation of 41% vax found
betveen the cazes of hepatosegaly and splenosegaly
and a findlng of elevated alkaline phosphatase,
Throebocytapenia vas present in only ope patient,
The prevalence of lang changes increased with the
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duyration of exposure, aod vas correlated to aome
extent with peripheral circulation abnofealitjias.
Evaluation of paleanaty chasnges roquires furthar
study of artrafeous erposares. Puture exposure to
YC should be controlled ln order to prevesnt
devalopuent of adverse offecta, lncluding caocer.

OCCOPATIONAL ZIPOSORE; LUNG; LIYER; CANCER;
RATHADD'S PHEROBENON; CIRDIOVASCULAR; EPIDEAIOLOGY
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Kakk, L.; Creech, J.L.; Vhelan, J.G.; Johnson, HK.NW,,
Liver damage and angiosarcoma in vinyl chloride
vorkers, A Systematic detectlon prograwm., Jasa

230 (1): 6a-68 (1974y,

The first recognized humwab anglosarcomas of the
liver aasoclated with vinyl chlarlde monomer
polymerization vere di{scovered in Louisville, K1,
vhen a physiclan noted diagnosis of the rare
angiosarcoma on a death certificate and recalled
doing a biopsy three years earlier vhich resulted in
a similar diagnosis. Becausze both patients had
vorked in the production of polyvinyl chloride, a
systematic detection program vas devized whereby
large numsbers of vorkers could he screened for liver
disease with relative case. The initial laboratory
procedure for detection was a 12- or 18-factor
autosated chamical anmalysis. The 12-factor analysis
consisted of teats for the folloving: calciunm,
inorganic phospborus, glucose, blood urea nitrogen
(BUM) , uric acid, cholesterol, total protein,
albumin, total bilirubia, alkaline phosphatase,
lactic acid debydroganase (LDA), and serus glutamic
oraloacetic transsaminase (5G60T). The 18-factor
analysis consisted of the preceding pluas creatioe
phosphokinase (CPK), creatinine, and serus
electrolyte deterninations, If ope liver
abnorsality was found, the 12-factor analysis vas
repeated in three veeks. If {t persisted or if tvo
orf more liver-velated abnorwmalities vere found, a
comsprehensive eramination vas made consisting of
tests for the folleving values: a 12-factor
automated chewical analysis, serum electrophoresis,
LDH {soenzywes, fractlonated alkaline phospbatase,
direct and indirect bilirubin (if total level vas
elevated), serum glutamic pycuvic transasinase
(56PT), G-glutamic transpeptidase (GGTP), {socltrate
dehydrogenaze (ICDy, A-fetoprotein (fetogqlobulin),
and carcinoesbryonic antigen (CEA). Also, a
complete blood cell count (CBC), platelet count, »
chest roantgenograe, and liver and spleen =can vere
done, If serious liver diseaze were possible,
hepatic pananglography, conxisting of hepatosplenic
arteriograss and phlebograss vith free and vedged
hepatic pressuare sessuresents vaere wada, If a tusor
vas suggested, opan-liver biopay, vith hepatic
lobectony L f =0 lndicated, wax advised, Clinical
and roentgenographic studies vere also sade. In the
contert of this condition, when roentgenographic
studles lndicated cirrhosis, histopathologic
exasination often revealed a peculiar portal
fibrosis and Kepffer cell byperplasia. Such a
survelillance program helps to detect liver damage in
an early, possibly reversible or cerable =tate, bat
even borderline abnotmalities must be carefally
folloved up.

HORAN; ANGIOSAECOMA; CANCER; LIVER; DIAGROSTIC
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Kaltonl, C., Occupational catcinogenesis.,
fnternatiocal Congre=s Seriaes No. 322 (ISBN
90-219-0228+~1) Cancer Detection and Prevention,
¢roceadings of the 2nd Internationsl Syeposium on
Cancer betection and Prevention, Bologna, Italy,
April 9-12 (1973) 19-26 (1973). -

The frequency of occupational cancer has increamed
vith industrialization; risks wust be evaluated by
epldeniology or by exrparimental testing--results are
often conaldared equivalent., Any ageat produging
tumors in animals is potentially carcinoqenic far
san. Inhalation apparatas for controlled dosage was
boilt avd carcinogenic bioassays of vinyl chloride
(YC) using rats produced lyubal gland carcinoma,
aephroblast owa, anglosarcosa, and cancers of other

wn
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<158> CONT,

types. varlous chesical agents suspected of haing
carcinogenic are listed and frequency of cellular
atyplas in saveral chesical industries are charted,
Methods of prevention include experimental testing
of all nev agents; up-to-date epldemiological data:
legqal ocutlaving of production and utilization of
strong carcinogens; technical protection in
production of veak or suspected carclnogens; aedical
checks of all vorkers.

CARCINOGENICITY; QCCUPATIONAL EXPOSURZ; PREVERTION

155>
maltoni, C., Occupatlonal carcinogeneals,, Ia:
Cancer Dataction and Preventlon, Prec. 2o0d Int,
Sysp., April 9-12 (197)), Bologna, Intern, Congress
Series No, 322, <©¥xcerpta Hed., Aastegdam 2: 1.8
{1970y .

oncoqgenic factors atve increasingly being produced
and distrihated in occupational environments,
spreading to the general environment to becose an
ecological orobles., Occupational carclanogenesis is
a difficult field hecause the vorkers' health often
conflicts vith productive interests of the
factorirs. The scientlfic community must recognize
occupations vhich present an oncoqenic risk,
identify the causative aqent, and assass the degree
of risk, ®ethods of prevention inclule: 1) testing
of all nevly used agents, 2) up- to-date
epideniological data froa wvorkers exposed, 3}
legislative weasures forbidding production and
ytilization of agents shovn to be oncogenic, #)
technical protection when veak or doubtful
carcinogens are produced ot esployed, and 5) asedical
checks for early detection of preneoplastic lesions
and tusors, as vell as for the quantitative
evaluation of riskx., The value of wmedical checks
say be over-emphasized, for the chief value may be
to evaluate the epidesiological risk.

CARCINOGENICITY; EPIDEMIOLOGY; OCCUPATIONAL EXPOSORE
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saltoni, C.: Lefealne, G., The potential of the
planned experiasent in the predicticn of the risk of
aabient carcinogens., An exawmple: vioyl chloride,,
Atty Accad, Naz. Lincei, Cl. Sci., Pia., mat., Mat,,
Rend., 56: (Series 8, fasc. J) 1-11 (1374y.

A vide varlety of erperisents vere planned to verify
the action of vinyl chloride (¥2) in relation to the
route of adainistration, dosage, duration, time and
Tthythe of treatsent, type of taeast anlmal, aqe of the
animal, and passzage across the placenta. Especially
constructed apparatus permitted erposures froam 50 to
10,000 ppw and the simu)ltaneous trestment of 1,200
erperimental animals. The folloving points are
indicated by the ztudyr 1) ¥YC Lia oncogenic and
produced cancer of the zysbal glands,
nephroblastosas and anglosatcoma in rats, and
pulmonary adenowa-adenocarcinoma, mammary caacer,
and hepatic anglosarcoaa in mice. 2) There i3 a
relation betveen dosage and response. J) The
nephroblastowas and zysbal gland tumors may be
bilateral. %} The liver angliosarcomas are
polycentric., 5) Prequent vasacular changes
consisting of distypical and/or atyplcal endothelial
prolifecation occurred 3o treatad anfaals., 6) Three
osslfying anglosarcomas suggest nev lnterpretations
of acroosteolysis in the action of ¥YC. 7) ¥No
acroosteolytic lesions had been ob=erved at the tinme
of the report, In conclusion, mandatory
carcinogenicity testing must be dooe before appraoval
of the admisxion of nev reagents to the {ndustrial

or general environment.

Ital.; Bng. Transl.

CARCINOGERICITY: RAT; MICE; HARSTER

157>

maltoni, C.; Lefemlne, G., Carcinogenicity bioassmays

of viayl chloride: Curreat resalts., lon, ¥.V,
Lcad. Sci. 2863 195-218 (1979,

Inhalation erperimwents with rats at axpoances of
10,000, 6,000, 2,500, 500, 250, and S¢ ppm viayl
chloride (VYC) extended for 13% veaks. ) pev series
of erperisasts: {No 15) wvith axposures of 25, 10, and
5 ppn has been started, Current results indicate
that ¥C produced tuwors in cats, atce, and haasters,
and that tumors of different types may ba present in
the same aniwmal. The range of indaced tuwors varies
to some extent from species to =pecies, and several
ate quite rare or exceptional. A carcinogecic
effect {a erhiblited at 50 ppw, and dose-rezponse
relationship 1s clear: from 500 to 50 pps for
angiosarcoma and from 250 to SO pps for
nephroblastoma, Neoplastic feaponse is also
affected by the leogth of expdsure and by the straln
of rats used, Tvo subcutaneous anglozarcomas in
offspring of breeder rats exposed for 7 days during
preqnancy appear to jandicate a transplaceatal affect
of ¥C. No acroosteolytic lesions have appearad to
date, but the observation of a fev cases of
ossi{fying anglosarcomas zuggest a nev orlentation in
the pathogenetic foterpretation of acroosteolysis in
vorkers erposed to VC. The results reported are
considered to be both preliminary and locomplete as
ezperiments are still in progress and moce profound
exasinations are andervay, )

CARCIMOGENICITY; RAT: RICE; HARMSTER
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maltoni, C.; Lefemlne, G., Carcinogenlcity bloassays
of vinyl chloride. 1I. Research plan and early
results., Environ. Res. 7()): 387-405 (197u4).

vinyl chlocride (¥C), 99.99% pure, vas administered
to Spraquae-Davley rats, vistar rats, Sviss mice,
and hamsters, by inhalation, ingestion,
endoperitoneal and subcutaneous injections, aod
transplacentally by exposure of breeder tats.
Expcsure concentrations varied from 50 to 30,000 ppw
for 4 hrs per day, % days per veek for varying
ousters of veeks, Preliminary results indicate a
direct relationship betwveen dose and length of
administration and the neoplastic response. HRats
ichaling vC developed Zysbal gland carcinomas,
nephroblastoaas, and angiosarcosas of the liver and
other anatomical s{tes; mice developed pulmonary
adenomss, mamaary carcinomas, and liver
angiosarcomas. Blood vessel ectaslas and
¢rdothelial hyperplasia vere often observed. %o
acroosteolytic lesions developed, but the onsat of 2
ossifring anqlosarcomas suggests a aev
interpretation of acroosteolysis {(n ¥C vorkers, o
tumors occurred in animals tahaling 50 ppe YO, in
controls with no treatment, or in coatrols treated
with 2500 ppa vinyl acetate. Both EZuropean and
Awerican manufacturing groups vere apprised of the
preliminary results of the experiment.

RAT; MICE; HARSTER; CANCER; ANGIDSARCONA;
ACROOSTEOLYSIS: LUNG; LIVER; CARDIOVASCULAR
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Raltoni, C.; Lefemine, G.: Gualano, L., Prelisibary
teport on the carcinogenicity bio-assays of vinyl
chloride., Inforwal Pact-Findlog Heavring on Possible
Hazards of Yinyl Chloride Ranufacture and O=a,
(February 15, V974).

Yinyl chloride (VC) of analyzed purity vas
administered in concentrations fros 30,000 to 50 ppa
sisgltanecusly to 900 experisental rodeants in
specially constrocted ifnoxidizable steel and glass
test apparatus, Thirteen expecisents vere started
in zequence; 1) 10,000, 6,000, 2,500, 500, 250, and
50 ppm of ¥YC, & hrasday, 5 days/vk, for 12 wonths,
One group of untreated animals, and one group
traated with 2,500 ppw vinyl acetate, were added as
centrols. 2y 200, 190, aad 100 ppa ¥YC., 3) Ax Exp.

\ but wvith shorter ‘parlicds of axposure. 8) Aa Erp.
t but with another specles, alce, for 7 wontha. 5
pffects of erposure during pregoancy on offsprinag.
6) 30,000 pps & hg/day, 5 days/wk, for 10
sonths—-same az Prof. Viola‘'s condltions. 7) i3 Exp.
! bot uaing another straln of rats, Oilstar. #) As
Ezp. 1 but with hamaters for 7 montha. 9) Purthar
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asseaasent of YC at 50 ppm., 10) Effact of a high
buot short and/or intermittent exposura. 11)

rffacts of ¥C by ingestion, 12) To aacertals if ¥vC
acts on tissues directly or through metabolites,

13) Studles involving a third gensral roate of
exposuce. Rasulta: After 127 veaks,
nephroblastomas, liver anglosarcomsas, and cancers at
vartious sites had been found in the groups exposed
to 10,000, 6,000, 2,500, 500, and 250 pps ¥C; Zyabal
gland carcinosas had been found Lo rats receiving
10,000, 6,000 2,500 and 500 pps. The studies ara
cont inuing,

RAT; RICE; HAASTER; CANCER; AKGIOSLRCOMA; LIVER
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Mancuso, T.?., Cancer and vipyl chloride -
polymerizatjon iwsplications, probless and needs.,
Internal Report, Industrial Union Departeaent,
AFL-CIO Unpublished

The need for a concerted effort relative to the
problens posed by industrial chesicala -~ the
nagnitude of the prohlea, the sources, and controls
-- and the possibility of the developaent of an
industrial epldesiologlcal cancer survelllance
systes to ajd in this effort are eephasized. The
difficulvies of diagnosis and sedical evalaatios,
patticularly {n the ssall plants, may be magnified
by inexperience and economic prassura., Insurance
cospensation lavs need restudy. Recoamendations for
cooperation asong industry, labor, government, and
international organizations ace proposed,

CANCER: OCCOPATIONAL EXPOSURE; INSORANCE
COMPENSATION; EPIDEAIOLOGY
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Mancuso, T.F., Coaments for opening of discussion on
“Neoplastic Zffects®,, Ann. N.T. Acad., Sci. 2u6:
291-297 {1979).

The significant medlcal observations reported on a
single chesical complexr and type of industrial
arposure -- for example, vinyl chloride -- have
focused on several areas of national aesed and
scientific {nterest: 1) vhether the cancers
observed vwill be confined to the manufacturing
process, 2) nature and ertent of the {ndustrial
sedical surveillance, J) epidemiclogical
desmonstration of an octupational cancar by
histological type, 3y diffilculties and Llisltatlions
of records sade on death certificates, 5) absence of
necessary enviroomentsl data, and 6) the unknowvn
potential of thousands of Industrial chesicals and
importantly the total absence of a pational
concertad study of occupational cancer. The
observations on vinyl chlorlde provide striking
evidence of the potentlal reserveir of carcinogenic
agents in the vork environment which have oot been
studled or investigated.

EPIDERIOLOGY; OCCUPATIONAL EIPOSORE; DIAGNOSTIC:
CARCINOGENICITY *
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Banufactoriang Chemistx' Assoclatiosa, Inc.,
Propetties and esseatial information for mafe
handling and use of viayl chloride,, Chemical Safety
Data Sheet, nanafacturing Chemista' Asxsoclation,
Inc. SD-56: 16p. (V95u) .,

Vinyl chlorfde is a highly valatile, ertresely
flasmsable, compressed gas vhich 1s oriilparily
handled {n liquified fors under pressure. 7Tt bas a
sild anesthetic action vith slov onset in
conceperations above 500 ppm, and its vapors are
irritating to the eayes and skin, Pracilities for
vashing ayes for 15 sjnotes in running water and
skin vith coploas guantities of vater must be
readily avajlable. Prolonged contact with ¥C will
resalt im refrigaration aad fresxing. Other
precantions necessary in handliog are; 1) keep avay
fros beat, aparks, and open flase; 2) provide
adeqoats ventilation; 3) grouad equipsent wnd
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contalners;: 4) do not heat contalners above 50
deqrees C and no heat shoeld be applied to tank
cara; 5) all equipmepnt should be sade of steal and
bave a designed vocklag pressuce of at least 100-150
psi; 6) in the event of accidental leaks, spills, or
excessive vapor concantrations only persasnael
equipped vith approvad respiratory protectien shounld
be permitted in the contaminated area; 7) chemical
safaty gogglea should be vorn wvhen there {3 danger
of the liquid or saturated vapor coslng {n contact
vith the eyes; and 8) vaste disposal should ba avay
froe any source of iganitien.

SAPETY; EIPLOSIYZ; OCGCOPATIONLL EXPOSURE; HORAN;
PROPERTIES .

<\6»

Marin, A.; Strauss, J.; #Michiela, R.; Benolt, J.P.:
Baltie, R.; Plerre, C., Mlcro-osteolyse dtorigine
professicnnella. (Aeroosteolysls of occupational
origin.), Rev, Rbhuw. 38(6): 340-351 (1967).

Five case studies of autoclave cleaners exhibiting
acroosteolysis are presented vith the results of
clinical, radielogical, and histological
luvestigations. The lesion isx concluded to be a
vascular one complicated by bony resorption. A
general cheaical {ntoxication from occupational
doutces not yet completely ldentified is prodable,
An {msunological disfunction say be superimposad on
a genetic susceptibility, and activated by a toxic
chenical in certain individuals., No efficacious
cheesical therapy is knovn to date, Treatmest is
chiefly vaso-dilatory.

Fr.: ¥ng. Suua.

ACROOSTEOLYSIS; oCCUPATIONAL REXPNSTURE; CASE STUDY

16Uy

Aarkowitz, 5.5.: NMcDonald, C.J,: Pethiere, ¥.:
Kecrzner, A.S5., Occupational acroosteolysis., Acch,
Derwsatol. 106: 219-223 (1972) .,

Occupational acroosteolysis emarqed as a nev
clinical entity {a 1963. The disease is
charagterized by sclerodersoid-lixe lesions of the
skin, conditions similac to Raynaud's phewomenon,
and asysptosatic bony defects of the ertreaities;
appears to be confined solely to vorkers engaged in
the production of polyviayl chlorida from vinyl °
chloride; and is thought to occur in 3% or less of
vorkers, Treataent 15 nonexistent vith the oaly
knovn preventive beling temoval froa the environsent.
Two case reports of this cnique disease are
presented highlighting the Incldence, cause, sequel,
treatsent, and prognosis,

CASE STOUDY; CASE REPORT; REVIEW; AOMAN; SKIN;
RATNADD'S PHENONENQON; BONE; OCCUPATIIONAL EXIPUSORE;
ACROUSTEOLYSIS; POLYGLEANER

<16% .
marsteller, H.J.: Lelbach, V.K,; Mueller, R.; ///

Gedigk, P., Unusual splenosegalic livar diseass as

evidenced by peritoneoscopy and guided liver blopsy
among polyvinyl chloride production workers., Aon.

H.Y. Acad. Sci. 2062 95-13a (1979).

This arcellent and extensive reviev of the
literature betvesn 1913 and 1973 covets prior
stadles of approzrismately 12,500 vorkers asployed f{no
vinyl chlorjde (¥C) and polyvinyl chloclde (PYC)
polmaerization and processing. Owtailed case
raports by the agthors of 50 wvorkers in YC and PYC
plants inclode sedical histories detailing
anamnestic, clinical, blochealcal, pacritoneoscapic, ~
and hiastologic data. fethods of {avestigation amd
lllustrated findings are {ncluded. ) bibliography
of 161 reforwnces {s appanded.

RYYIXW; CASE REPORT; BYEBLIOGRIPHY; OCCUPATIONAL
EXPOSORE; DIAGNOSTIC; LIVER
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Harsteller, H.J.; Lelbach, ¥.K,: Aueller, R,; Juehe,
S., Lange, C.-2%.: Rohner, H.G.; Veltman, G.,
Chronisch-torische Leberschaeden bel Arbejtersn 1n
der PrC-pProduktion. (Chronic-toriclty liver danage
in vorkers in polyvioyl chloride production.}, Deut.
Aed. Wochen<4chr. 98 (u8): 2311-23Ww (131)),

Porty-five sale astoclave-cleaners fros a polyvinyl
chloride manufacturing plant vere given erxtensive
disgnostic labovatory, roastgeaclegical,
scintigraphic, and laparoscoplc erxaminations because
of V) demonstrated alterations in the esophagas, 2)
spleeg enlargement, and 3) uascharactecistic
alteratlions {n the liver parenchyma as vell as &)
difficult~to-classify sub-clinical liver damage. Of
these, twenty sen from 3D to 56 years of age vith
erposure durations to vilayl ¢hlorlde ranging frow 1
1/2 to 21 years were glven further clinical and
biochesigal tests, Thrombecytopenia (16 cases),
chroniec liver damage (15 cases), spleaomegaly (7
cases)y, and portal hypertension emergad as more
significant symptoss of chronic torlcity than
actoosteolysis (& cases).

Ger.

POLYCLEANER; HOMAN; DIAGYOSTIC; BIOCHEZAISTHY; LIVER;
SPLEFN; ACROOSTEOLYSIS

€167

sason, T.J., Cancer mortality in U.5. couptlies with
plastics and related industriex., Environ. Health
Perspact, Y1: 79-88 (1975).

Cancer smoprtality rates wvere calculated in
indiyidual counties of the 0.3, ytiliz{ng the 1963
Census of manufacturers for establishaents prisacily
enqaged in sanufacturing plastics and other
synthetic materials. Tancer aortality vix low in
the agqregate for many anatomic sites vhen cospared
to the total Uolted States, but there vere
significant excesses in vhite wales in sose
cateqories. Por {nstance, in the plastics
industries excesses appeared {n 1ip, vestes, eye,
endocrine glands, and skin cancer other than
welanosa, In the synthetic rubber industries the
excesses vere {n nasal sinusSes, lung, prostate,
bladdar, mselanoma, and other skin cancer, HAmultiple
nyelowa vas exgessive in the syntheric fibers
induseries,

FPIDEMIOLOGY; CANCER; HOUMAN

168>

Rastrosatteo, P.; Fizher, A.M.; Christie, N.;
Panziger, A., Acute inbalation toxicity of vinyl
chloride to laboratory animsalsz., Aser. Ind, fyg.
Assoc, J. 21: 394-398 (1960) .

Zxposure for )0 minutes to 10X vinyl chioride in air
produced deep narcosis in wice and rats but no
desths, Thirty percent concantrations killed mice
and Tats. ©PExposure of guinea plgs to 20T prodoced
deep narcosis, but 3 of 5 gulnea pigs survived
exposure to 80%. Ppathologlcal changes lncluded
congestion of the langs vith pulwonacy edema and
sose hemorthaging; fallore of blood to ¢lot: and
conqestion of liver and kidneys, vith aexteasive
fatty infileration of the liver in 1 guicea pig.
survivors shoved little pathological change,

RLT; ®ICE; GOIXEL PIG; TOITCITY; BLOOD; LIYER; LUNG:
KIDNEY

€169
#cCord, C.P., L nev occupational dieeasa {s boru,,
J, Occup. med, 12(6): 234 (1970) .,

lcroostenlysis (AOL) was first reported Lln 1963, and
appears to he confined to hand scrapers of reactor
vessels in the polyvioyrl chlaride industry,
Raynaod’s phenosenon is chatacterlistically the first
sacifestation, accowpanied orv followed by bony
dissolotion, gederally confined to the distal ends
of the fingers. Caunsa, portal of emtry, and therapr

78

ate not koown.

LCROOSTEOLYSIS; OCCORATIONAL EXPOSDRE; RAINAOD'S
PRENORENON; ROUMAN; BONE;

<110

fcKkinley, C.; Beckmans, R., Vinrl chlorida. In:
Control of harardous waterial spllls. Considaration
of hazatds aszociated vith bulk ses tranaport of
liquefled gases., Proceedings of the 1979 Natiocaal
Confarance on Control of Hazardoua Raterial Spillls,
August 29-28, 1974, San Prancisco, Callfornisa p 70
(1915) .

¥inyl chloride presents a real danger in shipping:
forma explosive acetylldes vith certaln metals, and
tends to polywerize vith {taelf or to copolymerize
vith othar wonomers in the presence of air,
sunlight, or heat, vith an exotheraic reactios vhich
can be violent. rlassable smirxtures of vinyl
chloride vapor and aip exist betveen 4 and 22% by
voluea, vhich produce carbon sonozide and hydtogen
¢hlaride on combustion., Recosmendations include a)
keep avay froms sparks, heat, and open flames; b)
sufficient inhibltots should be prezent to prevent
polyserizavion in storage and transpoft; <) avoid
contact vith aluminum, copper, bronze, brass, or
other acetylide-forming setals; aad 4) prevent
exposure to suh and orrgen.

SAPETY; NON-OCCUPATIONAL EXPQSOURE

<171
feyerson, L.8.; meler, G.C., Cutaneous lasions i3
acreosteolysis,, Arch, Dermatol. 106: 224-227 (1972).

A 36-year-old fesale-~-vho had oevar vorked in the
vinyl chloride iadustry--exhibited idiopathic
scroosteolysis vith unique papular skin lesfons,
This scemingly nonoccupationally-related disorder is
compared with selected litecature on occupationsal
acroosteolysis ia vinyl chloride vorkers.

ACROOSTEOLYSIS; OCCUPATIONAL EXPOSURE; SKIN; CASE
STODY: HUMAN: RATHAUD'S FHENOMEWQON; NON-OCCOPATIONAL
EIPQSURE

C1TD

Afller, A., Pulwonaty function defects in nonssoking
vinyl chloride vorkers,, Environ, Health Perspect,
11 247-250 (1975).

Clgarette swoking wust he considerod {n soy
investigation of ailr flov, and the smoking variable
relative to the effect of atmospheric pollution and
occupational exrposure as causative factors in

chronic nonspecific respiratory dizease is of

lwportance. 1 bigh prevalence of air flov

iwpairment in vinyl chloride-polyvinyl chloride

(YC~PYC) vorkers canaot he attributed to smokxiag.
Prevalence in nonswokers varled frow 36.9% vhen
occupational erposure te YC-PYC vay less than 10 yo

to 80X wvhen exposure exceeded 20 yr. The latter is -
virtually the same as for swakers erposed wore than
20 yr, and the sxame equivalency Ls apparent in
varkers over 30 years of age. Tfor those less thas
39 yr of age, hovaver, 53% of seokers aud 28% of
nonssokers erhibited reduced alr flov, The
difference in prevalence betveen swokers and
nonseokers narroved from 23% vheno ezposure vas less
thas 10 yr to 11% vhen exposure wrcaesded 10 yr.

CIGARETTE SAOKIRG: EPIDEMIOLOGY: OCCUPATIOMAL
LIPOSORE; LONG

<C17TH

#lllec, A.; Telrstelin, LA.5.; Choany, M.; Selikoff,
I.3.; Varahasv, R., Changes lu pulmsonary functiea in
vorkars exposed to vinyl chloride and polyvinyl
chloride., Ann. K.Y. Acad. Scil. 2896z 42-52 (1979).

Spirowetry and saximum expiratory €lov-volose curves
frow 348 vorkers in a vinyl chloride {YC)
polyserization plant vere sxanined in order to
deteruine vhether occapational efposate to YC gas

Environmental Health Perspectives
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and polyrvinyl chloride (PYC) dust {3 asaoclated with
changes in pulmonary function, i dislaution in alr
flov was found 4{n 200 vorkers or 57.5%, Prevalence
of the disinution was sisilar in ssokers and
nonswokers over 40 yrs of age or vhen eXposure
excasded 20 yra, thus suggesting an oparative
occupational factor, Hovever, the findlngs do not
dotersine vhethear ¥C or PVC is the more pathogenic.
The fine dust of the polymer could coancentrate in
and damage swall alrvays, or the dust and/or other
swall respirable patticles coull serva as carglers
for YC monomer vhich could settle in the afrcvays,

LONG; OCCUPATIONAL PXPOSURE; ZPIDEMIOLOGY:
RESPIRATORY: ROURAN

<174

miller, P.D.: Jenksz, D, P.: Wational Distillers aed
Cheslcal Corp.,, NT, Process for the manufacture of
vinyl chloride., The Official Gazette of the 0.5,
Patent Office T44: B33 (1959).

A patent application for chlorlination of ethylene
to vinyl chloride, using the reaction of a solar
etcess of athylane with chlorine in 2 tesperacyre of
300 to 500 deqgrees € in the preseoce of ethylene
dichloride in the proportion of 0.3 v5 | mole
ethylene dichloride to ! aole chlorina, vas sade on
May 9, 195% and granted on July 21, 19%9. Patant
ousbher 2,A96,000 vax issyed,

PATENT

€175

Mixgeld, ¥,; Stolpmann, R.-J.; Schulte, 5., Iunr
Intoxikatlon durch vinylchlorid-polymariaate
and/oder deren Begleltstoffe. (Polsoning by seans of
polyvinyl chloride or Lta constituents.), 1.

Haut ~Geschlechtakr, 4B(11): 425-a36 (1973).

The case study of a worker wvho had laild polyvinyl
chloride (PYC) plpe for 10 yrs, and cailked (et with
PVC resin, is compared with =xinilar case studies of
acroosteolysis in the Lliterature., The characteristic
syndrone of sclerolerma~like deraatosis, Raynauda's
phenoacaon, and bone defects led to a dlagnosis of
chronlc toxicity by skin contact vwith either
iscowpletely polynerized PVC, or vith some additive
in its composition.

Ger.; Eng. Sume,

TOXICITY; RATNAQD'S PHENOAEZNON! ACROOSTEOLYSIS; SKIN

<176
Ronson, R.,R., Proportional sortality among
vinylechloride workers., Lancet 2(7884): R38 (197u),

It i3 desirable to cospare disease ratios {o a study
group with those from a simllar cosmunity in
propottional-mortality studies, but tabulation of
deaths in the Onited States are oot available in
specific enough detail to perslt county-speclific or
state-speclfic coaparisons=, Avafage anaual
age-adjusted cancer mortality rates for Jefferson
County, Kentucky coaparad vith rates f{of the Onited
States (as recently published by the U.5. Dept. of
Aealth, Fducation, and Yelfarel give oo Lndication
that use of proportional sortallty for U.5. white
males could account for the ohservead/erpected ratio
reported, {tonson, P.R., Lancat, 2(7877): 397-1398
{Aug. 17, 1974y .

LETTER; HMORTALITY

477>

Honson, R.R,; Pwters, J.M.:; Johnson, 5.K.,
Proportional mortallty among viayl-chloride
vorkers,, Lancet 2{7877): 397-198 (1979).

A proportional-mortality analysis of 161 deceased
vorkers in 2 vinyl chloride plants revealed a 501%
excess of deaths due to al)l capcer. Greatest ercess
vas saen in liver, billary tract, luony and brain.

June 1975

Since 1970 over tvice as sany cancer deaths as
expected have occurred,

CANCER; OCCOPATIONAL EZIPOSURE; EPIDZAIOLOGY

178>

fonson, R,R.; Peters, J.A.; Johnson, H.X.,
Progortional aortality asong vinyl chloride

vorkecs,, Environ., Health Perspect. 11: 75-77 (1975).

A 50T excaesx of deaths due to cancer vas found in a
proportional mortality analysis of 161 deceased
vorkers in tvo plants using vinyl chloride, Heading
the list of specific capcer sites ars liver and
biliary tract, lung, and brain. Tha excess in fatal
cancer vas seen aainly in men less than 60 years of
age, More than tvice the expected number of cancet
deaths have occurred sioce 1970,

RUHAN; OCCOPATIONAL EXPOSURE; CANCEZR; LIVER; LUMNG:
BRAIN

<179»

#oslen, A.T.; Jaeger, R.J,; 5zabo, 5.; Reynolds,
£.5., Acute lnhalation toxicity of vinyl chloride
nonomer: MNorphologic and blochesmlcal effects of
pretreatsent vith tnducers of hepatic sized fynctica
oxidase systea., Abstracts of Papers for V4th Anaual
Reeting of Soclety of Toxicology, Villlamsburg,
Virqinla, march 9-13 (1975) Abstract No. 28: p.
23-24 (1475).

As shown previously, acute hepatotoxricity of vinyl
chloride aonomer (VCK) 45 markedly enhanced by
phenobarbltal (PB) pretreatsment and {njury lnvolves
mainly the endoplasaic reticulua of liver
parenchysal cells. Because one of the major effects
of PB pretreatment ls induction of certain
coeponents of the mired function oxidase systen
(MFN5), correlation vax attempted betwveen induction
of specific AFOS cosponents and eshancesent of
hepatic injury by VCA. Rats ware pratreated for 7
days with P8, Aroclor 1254 (12%4), hexachlotohenzene
(RCB) , J-methylcholanthrene {3-%C), spironolactone
(5¥L) or pregnencloune-l16-carbonlittile (PCN).
Controls vere given H(2)0 by mouth. On the 8th day
after a Y6 hr fast aninals vace eithar sacrificed
for deternination of aicrosonal cytochroses b (%),
P-4uB, P-450, NADPH-P-U50 reductase and
NADH-cytochrome~C reductase,
oxidative-N-denethylase, and glucosa-4-phosphatase,
ot exposed to 5% YCM for & hr and sacrificed 24 Br
later. Liver injury vas not appareat in H(2)0, SNL,
J-AC or PCX pretreated rats, vhile slighet, moderste,
and severe injuries were consistently found in HCB,
PB and 1254 pretreated animals respectively. 1a
anleals pretreated with 150 micro-soles 1254/kg, &
dose which nearly tripled P-u450, YIA produced the
nost severe injury of the cosbinations tested.
Although liver injury vas only found in animals
pretreated vwith an agent vhich indaced P-a%0,
induction of P-450 alone 414 not correlate vith
injury. PCN vhich Iindaced P-450 dld not potentiate
YCH inqury. Other cellular components i{n additioan

to P-450 say be important inm the potentiation of Igp’/

toxicity,

BIOCHENISTRY; TOYICITT: RAT: LIVER: INTERACTION;
PAENOBARBITAL; AROCLOR 12548; REXACHLOROSENZIENE:
METHYLCHOLANTHRENY

<iao

National rire Protection lssociation, Vinyl chloride
- CA2CHCL, rire Protection Guide on Hazardous
materials. Sth ed.: Section 49, 277 (197},

7inyl chloride (YC) L3 a colorless, szveet-smelllang
qus at ordipary tespetratyres, and isx liquid belov 7
degreeas F. YC acts as a general anesthetic, may be
fatal {n high coocentrations, is a =kin irritant,
and prolonged contact results i{n freezing due to
rapid evaporation. It iz flammable at ordinary
tengaratares, vith flasmable limits of 3.6% and 1%,
Ignition tesperature is 6§82 degrees 7, The gas i3
heaviet than air and wsay travel a conxziderable
dizstance to a source of igoitios and flash back.
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fires produce highly toxlc combustion products such

as hydrogen chloride and carhon aonoxide, at
wlevated tesperatures, as in filre conditions,
polyserization way occur vith possible contalner
rupture. Self-contalned breathing apparatus should
be vorn for personal protection. Storage should be
outside or detached, in a cool, vell-ventilated,
noncowbustible location, separate fros oxlldizing
saterials, and avay from all possible sources of
ignition,

SAFETY: PROPERTILS

<1ar>

Fational Institute of Zovironsental Haaleh Sclences,
Public health tmplications of cowponeats of plastics
manufactures.,, Conference at Research Triangle Park,
Plnehurst, NC July 29-31 (W97,

This tisely conference vas dlvidaed into 5 sessions:
1) Polymeric materials: manufacturing, Processing,
and additives. 2) Epilesjology and Toricology:
Viayl Chloride. 3) Fpldemiology and Toricology of
Polymeric materlals, &) Toricalagical and
Environsental Aspects of Polymeric Raterrals. §)
fegulatory Aspects and Reseapch Needs - Paael and
fpen Discussion, %epresentatives froa unlversity,
industrial, and governaent orqanizations, as vell as
medical and public health authorities participated,
Repotrts of the Conference are published in this
issue of "Znviron, Health Perspect.”

CONPERENCE

182>

F¥ev York Acadeay of Sclences, Working group:
Toxiclty of vinyl chloride-polyvinyl chlocida.,
Conferance, ¥.Y. Acad. sci., Rev York, KY may 10-11

1974y .

This group of international garticlpants vorkxing eon
various aspects of vinyl chloride (VC) held sesslons
an 1) Non-malignant Disease, 2) Experisental
Observatlons (of non-walignant effects), 3)
Neoplastic Effects, u) Pxperimental Observations
{Mecplasms), 5) Control of Exposure, and 6) Problems
and Parspectives. Reports from this conference vere
published in the Annals of the Nev York Acadeay of
Sclence, Voluse 2up,

CONFEREXCE

<180
¥ewmun, D.R., %d., Tox, Mat. Mews vol., 11 (197w,

this twice-monthly business nevsletter published in
Yashington, D.¢. was established to serve the
{interests of those concerned wvith the luwpact of
chenical mubstances in the environment. Clted below
are pertinent vinyl chloride events: 1(2): 15(Apr.
t, 1978) B.P. Goodrich {ssues grant for vinyl
chloride research. V(¥ : 17 {rpr., 15, 1374} EPX way
control vinyl chlorlde ealssions froa induatcial
plants. 1(3): 21 (apr. 15, 1974) Obey critical of
OSHA intent to permit vinyl c¢hloride exposure In
ewerqgancy rule, ()M : 2¢ {Apr. 15, 1974} Grants,
contracts and proposals. (Industrialsenvironsental
hygiene surveys of vinyl chloride.) 1{4): 3O (Hay 1,
1978) Industry-sponsored tests fndicate angiosarcomsa
in mnice exposed to SO ppm of VC. 1{3): 31 (®ay 1V,
197¢) PDA recalls sprays contalning vinyl chloridae,
1(5): 37 (May 15, 1974) Interview with Dr. Irving J.
Sellkoff, Part 1. 1(5): 15 (may 15, 1374} O5HA
ptoposes “Wo Detectable Lavel™ vinyl chloride
standard. 1(5); Ja (may 15, 1973} ¥inyl chloride
weeting hears gloomy outlook for wvorker erpoasre to
chesicals, 1(5): 33 (May 15, 1974) Raaufacturing
Cheuixts Assoclation Board of Directors this veeX
vas giving final approval to & naev study of vioyl
chlocide affects, (0 to 25 ppe). 1(7): 5% (June 15,
1974) B.P. Goodrich in aldst of sassive vinyl
chloride rwseacch program, VY (7): SO (Juae 15, 1974)
TPA to continue exploring vinyl chloride esission
standacds. 1{V3}: 97 (Sept. 15, 1974) The
Environsental Protection Ageacy flonday ix szpected

280

to release lts tazx force reaport on vinyl chlorides,
1{13): 104 (Sept. 15, 197u) Bendix Launch Support
Div., Cocoa Beach, Pla., receives contract for
$64,729 for environmental/{industrial hygiene on
vinyl chloride. 1{14}; 106 (Oct. !, 1974) OSHA sets
final standards for vorker axposure to vinyl
chlarides. 1(14}: 108 (Oct., V, 1974} EPA Tasak Force
Report on vinyl chlorlde: A special report. 1(15):
117 (Oct. 15, 1978) OSHA vinyl Chlocide Stanpdard
ctwates predictable result from industry, laber.
1(16): 122(Nov. 1, 1974) EPA Vinyl Chloride
Standards due in yeat, but sonitoring probleas
remain.

<18u>

Nicholson, V.J.; Rammond, E,.C.; Seldwan, H.;
selikoff, 1.J., nortality experience of a cohort of
viny)l chloride~polyvinyl chloride vorkers., Aan.
¥.T, Acad. S5ci. 2u96: 22%-230 (197% .

A cohotrt of 257 individvals, each of vhos had been
occupationally exposed to vinyl chloride (YC) for at
least 5 yrs in a vinyl chloride polyaerization
tacility, vere stodied by seans of union and company
tecards. Areas of iavestiqation included: HRator
vork activity during ficst 10 yrs of 9C exposure,
that s, reactor cleaning, maintenance, shipping:
age at 10 yrs from first esployssnt: Status of
individuals exposed to VC for 5 or aore yrs, that
{5, deceased, retired, vorking in production,
vorking elsevhere; Irpected and observed deaths from
variouys causes; Causes of death; and vork Histories
of individuals vho had died of certain selectad
causes such as heaangiosarcoma. At least 17% of the
deaths that occurred vere causally related to
exposure to vinyl chloride, Llonger periods of
observation are needed before concrete conclusions
are made,

EPIDEAIOLOGY; OCCOPATIONAL EXPOSOREZ; HOUMANM

<185

Witel, G.; Petruzzellis, ¥.; Fasano, V., Rheographic
observations on vorkers in the plastics industry.,
Securitas 55: A81-694 (1970).

Tventy autoclave cleaners ~« average age of 1) yrs
{from 23 to 41 yrs) and an average vwork experience
of 2V manths (from ) son to ) yrs) -- vere glven
chest g-rfays, hand x-rays, and laboratory
exaainations i{n addition to hesodynamic tests on the
upper limbs by the duo-rheographic method, using a
Schuhfried apparatus coupled to a Schvarzer
electrocardioqgraph, At 30 amin intervals,
cheaqraphic traces vere obtalned under resting
conditions, after cooling (br subserging the finger
in crushed {ce for five minutes), and after heating
{sutmerging the finger in 40 degree C varer for five
minutes). A saall degree of clinical sysptomatology
vas found by contrast with the high percentage of
rheographic altarations observed. In 14 out of 20
cases existence of syspathetic naurocirculatory
dystonia attributable to a machanlcal and/or
chemical factor vas found.

Ital.; Eng. Transl.

POLYCLEANER; DIAGNOSTIC; ACROOQSTEOLTISIS;
CARDIQVASCOLAR
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©O'Mara, M4.m.; Crider, L.B,; Danial, R.L., Cosbustion
products fros vinyl chloride monoser., Amer. Ind,
Hyg. Assoc. J. 32{3): 153-156 {1971).

Flase tesperatura of burning vinyl chloride monoser
{YCH) varles vith the amount of aitr premirzring and
ranges froam 950 degrees C under diffusion conditions
to 1466 degrees C vith premized alr (120 to 190
co/uin) and YCA (65 to 90 ccymin) . Soot or unburned
carbon content vatles frow ) to 6% of the YCA
consused, ot 7 to 1%%1 of the avallable carhon ln the
YCK nolecule. An analyais of cosbustion gases
ceveals 27,000 ppu RCL: 58,100 ppw CO2; 9500 ppa CO:
40 ppe phosgens; and a trace of VCA, The gquantity
of hydrogen chloride is the wain soofce of danger.

Environmental Health Perspectives
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pangerous awounts of phosgene may be present, but
HC] wil)] already have venderad the ataocsphere
insupportable. RAC1l odor serves as a varnling davice,

SAFETY: PROPERTIES

187>

Occupational Safety and Health Adailnlatration,
Inforsal fact-finding heating on possible hazards of
vinyl chloride manufacture and use., U.5. Department
of Laber, Washlington, D.C., 20210 Feh, 15, (197m),

participants in this hearing on the possible hazards
of vinyl chloride included personnel {rom the
Occupational Safety and Health Adeinistration and
the Natlional Institute for Occupational Safety and
Reslth; industry representatives from B.7,
Goodrich, manufacturing Chesists Axsociation, Dow
Cheaical Co,, Franklin rlegtric Co.: labor
cepresentatives from the 041, Chenmical and Atonmic
Workers Ipternational, AFPL-CIO, and yYnited Rubber,
Cock, Linoleum and Plastic werkers; medical
specialists froa the mount Sinal School of dedicine,
the Bnvironmental Sclences Laboratary, the Instituto
4i Oncologla, fologna, Iraly, and the Uoiversity of
pittsburgh Craduate 5chool of Public Health; and an
officlal of the Organizatlon Resources Counsellors,

STARDARDS

188>
Oster, G., Dlscyssion of paper {Hefner, %.EX., Jr.,
et al, ibid, pp 135-148)., Ann, N.Y. Acad, Scil. 2us;

149 (1979) .

Seruys albyain can transport vinyl chloride (¥C) as
desonstrated by the finding that vC displaces the
fluorescent hydrophobe probe
l-anilinonaphthalene-8-sulfate bound to serun
albusin and the systea thus losaes its fluorescence,
Serus albuein is synthesized {n the liver around the
portal vein and aay becose localized, and wmay he
setabolized via the cytochrose P-450 system {n the
endoplasuic reticulue of the liver cells, 1Liver
sicrosomes vill initiate polyamerization of ¥C {f the
wonoser concantration {s high, Both 2onomer and
free radicals are entrapped during the
polywerization processes anid wmay be released during
varaing, storage, exposure to sunlight, or during
processing.

BIOCHEMISTRY; OCCUPATIONAL EIPOSORE

€189

Oster, A.H,; Carr, C.J.: Rramtzr, J.C.; Sauervald,
H.J1., Anesthesia XXIVII. HNarcosisz vith viayl
chloride., Anesthesiology B: 359-361 (1947).

Tvo dogs, anesthetized using S0 vol 1 vinyl chlorlde
momentacily and then reduced to 7 vol %, showved
continuous *crowing®, salivation, snd uncoordinated
leg movements. Recovery vas prompt, vith violent
excitation, Pour dogs, anesthetized using 10 vol %
vipyl chlorlde maintained noraal bloed pressure
during anesthesia but had interalttent tachycardia,
ertravestricular systoles, and vaqgal haats,
Flectrocardjographic studies on six dogs at surgical
anesthoxia shoved marked tachycardla followed by
bradycardia, Abnorsalities in the QRS complex in all
siz dogs varied fros sinus arrhytheia to
suricnloventricular tlock, ventriculac sultifocal
ertra systoles, and inversion of the T-vave, Por
these reasons vinyl chloride appeared unsafe as an
anesthatlc in the dog, and Lt= use 13 unvarranted in
aan.

DOG; ROMAN; ANESTHETIC; CARDIOVASCOLAR:; NEUROLOGICAL

<190
Partsch, HA,, Olcaromutilie¢rende Keuropsthien der

ghteten Extresmltaeten. (Mutilating ulcerous
nearopathies of the lover ertreaities.), Hautarzt
22: 283-289 (1971).

June 1975

This extensive literature reviev of acropathles vith
skin alterations, bhony lesions, sensitivity
distucbances, and crippling eaphasizes the identity
of the illnesses with knovn acroosteclysis foras.
Case studies of faamillal origlian, sporadic foras with
their possible etiology, and diabetic neugfopathies
atre presented, Occupational illnasses of vorkers in
the vinyl chloride processing industries underscore
the ambiquities of the etinlogical plcture.

Ger,

HOMAN: CASE STUDY; ACROOSTEOLYSIS; EPIDENIOLOGY

£19 1>

Patty, P.A. (2d.), V¥inyl chloride., Industrial
Hygiene and Toxicoloqy, Vol, II. Toricology.
Interscience Publishers, Nev Tork Zh. 31, 1303-1305
(1963).

Uses, physical and cheaical propaerties, and
physiological responses of huaans and test anisals
to vinyl chloride are revieved. The principal
tesponsa to vinyl chloride is central nervous systes
depression. Some lung irritation, but little kidney
or liver damage, vas obsecved on chroni¢ exposurs.
S5c¢me hyperesia of liver and kidneys froas acute
erposure vas noted. Clinical injuries froa {its
extensive use in industry had not been reported,
Available information oo wetabolisas of vinyl
chloride indicates that it is excreted by the lungs
unchanged. The threshold lisit set by the American
Conference of Governaental Industcial Hyglenists {n
April 1959 is 500 pps. The sveetish odor i3 not
adequate varning for excessive exposure. Plre and
explosion are hazacds. The explosive liaits range
from 4% to 22% by volume {n air. Adutoignition
teaparature is 872,22 degrees C.

PROPERTIES; NERUROLOGICAL; LONG; KIDNZY; LIVER;
STANDARDS; OCCUPATIONAL EIPDSURE; BXPLOSIVE; SAPETY

<192»

Patty, F.A.; Tant, W.P.; Walte, C.P., Acute respocse
of guinea pigs to vapors of sose nev cosasercial
organic compounds. V. Vinyl chloride,, Public
Health Rep. 45(2): 1963-1%71 (1930).

Narcosis, rangqing frow unsteadiness to coaplete, is
the principal symptoam of vinyl chloride exposare in
guinea pigs. A 40% concentration produced narcosis
{n 1/0 ainute vith death in 10 to 20 sinutes, ¥No
symftons vere observed wvith concentrations of 0,5%.
Lung irritation as well as hypareaia of kidaey and
liver vere noted, Dizziness and disorieantation vere
experienced by 2 husans exposed to 2,.5%% vinyl
chlecride for 3 alputes. Explosion represents a worae
serious hazard.

TOXICITY; GOINEL PIG; HUXAN; LONG; KIDNEY; LIVER;
EIPLOSIVE

<193>

Peoples, A.5.; Leake, C.D., The anesthetic actlos of -~
vinyl chloride., J. Pharsacol. Exp. Ther. 48; 284 7
(1933).

rirst prepared io 1833, vinyl chlorlde is a qas at
ordifiary temperature vith a boiliny point of -13.9

€, It is heavier than air, with an ethereal odor,
and burns with some difficulty in concentrations of

4 to 20% in air. MNinieal anesthetlic range on mice
erposed for 10 sinutes 15 3.9% to S milliwols in air;
nioimal lethal range for 10 minutes erposure is 10

to 12 millimols in alir. At 7 ailliwols {n air it
apesthetizes rabbitas and dogs vithin 1 sinute.
Recovery is rapid vith no untovard effects. -

PROPEZRTIES; ANESTHETIC: AICE; RABBIT; DOG

<194y |
Perkel, G.: Razzocchi, L.; Bellczky, L.,
Surveillance of vorkers vith history of sxposure to
vinyl chloride., Annh. N.Y, Acad. Sci. 286:; 311-312
(197%) .
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Industrial cocporatlons are wrged to Join vith
unions in support of a Toxlc Substances Coatrol Act
vhich vould mandate the testing of all chesicals
before they can be used in industry. Suvrveillance
of vorkers in the vinyl chloride industry should
include provision for medical examinations after the
anployee's exposure has ceased. Inteosive tesearch
efforts atre urgently needed to develop wsarly-varuing
signs of disease and therapeutic techoiques for
treatmnent., PRegistries for employees oxposed to
carcinogens should bhe established by ovsployers and
transferted to the Natlonal Institute of
oceupational Safety and Health far follov-up
surveillance when the eaployee leaves the Industry.

OCCUPATIONAL EZXPOSURE: INDUSTRIAL HYGIENE: ONION

£195>
Petty, R., Hov surgeon's probe led to vinyl hazard
tindings., Aser, Med, Nevs V17{21)z 1V, 12, V3 (1974},

In Decesher, 1973, Dr. John L. Creech of Louisville,
Ky., after attending a Goodrich ewployee vho died of
anqiosarcosa and cirrhosis of the llver, searched
cowpany records and ascertained b6 cases of
anglosarcoma vwithin € yvears asong 270 worters~-a
sorhidity rate 100,000 times the national avarage.
rindings vere presented to the National foxtitute
for Dccupational Safety and Health (NLOSH) wvhich,
together vith the Center for Disease Control,
iamediatelvy began an epidemiolngical study. The
first case had been dlagnosed in 1961, 20 yrs after
pyC vas first i{ndustrially produced. Tvelve yrs vas
the average time of handling vinyl chlocide by
vorkers vho died of angiosarcoma; the shortest tise
vas A yrs. Hiagh sorbidity rates vere also found for
varfouslv diagnosed ailwents of liver, spleen,
pancreas, and gallbladder. Suspecting a causal
relationship, the Paderal sarzimus on aitrborae vinyl
chloride in PYC plants vas imsediately lovered to SO
ppa fros S00 ppam set in the early 19603 vhen liver
damaqge was found in rats exposed to 500 ppa. L most
isportant reason for lovering the exposure liait vas
the direct suspiclon that vinyl chloride caused
acroosteolysis. In February, 1974, the U.5.
Coasuner Products Safety Coaxission banned the use
of vinyl chloride as a propellant for household
aerosol producta. 1In may, 1974, an faternational
neeting of sclentists in Nev Tork presented an
oxinous picture of vinyl chloride toxicology which
included liver davage, acroosteolysis, a vide
variety of carcinomas, and a treticulated fibrosis
tentatively identified as a precursor of cancer. JIn
addition, "vinyl chloride diseaxe” vaz found in &
vorkers vho had never vorked in the polysetvization
process, but bad wade floor tiles from polyvinryl
chloride, vhich appaceatly had enough residual vinyl
chloride to cause illness.

ANGTOSARCORMA; CANCER; ACROOSTEZOLYSIS: OCCURATIONAL
TXPOSURE: HOMAN; LYVER; BONE

196>

pPhysical and Chesical Analysis Branch; Rstlonal
Institute of Occupational Safety and Health, Yinyl
chloride in air., 0,5, Governwant Printing Office
657-063/2035 PECAN Ko. 178; 1-9 (197%) .

A known volume of air {s drawn through a charcoal
tobe to trap any vinyl chloride present. The
chareoal is then transferred to a vial contatalng
carbon disulfide vhere the vinyl chlocide is
dasorbed. An alliquot of the desorbed saaple is
Injected into a gas chromatograph and the resulting
peak cospared vith a standard, The method is
operational in a rasge of 0.2 to 1500 nanograms per
{njection, but the precision and accuracy of the
aethod have not been detersined. Aigh hosidity and
competing substances in the sample way lnterfere
vith the analy=zis, but may be ealiainated by altering
chrosatographic conditions., The saapling device i=
=sall, portable, and involves no l{quida, The tubes
are spalyzed bty an instrusental sethod, and two or
sore cosmpohents in the sawple aay be investigated
singltaneously., Disadvantages of the method are
related to the limited amount of marxple vhich can be
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taken, and to the migration of volatile cospounds
such as vinyl chloride through the charcoal. This
aiqration can lead to canfusion as to the
pessibility of sample lass, but can be miniaized by
shipping and storing the tubes at -20 C.

ARALYSIS

<197

Pluzhnikova, Z.k.; Kuz'aicheva, a.N,, (Arglenic
assessuent of polyvinyl chlocride flooring for
preschool institutions.), Glg. Sanit. (HYq. Sanit.)
33(M: %0-53 (1968),

No vinyl chloride vas detected (n afr sasples from
desiccators containing polyvinyl chloride tiles at
20 to 25 degrees C, or in the iandoor air of
children's institutjons during the season when
heating is used. Dibatylphthalate vas detected {n
concentrations of 0,05 to 0.% ag/#3, 1In addition,
the polyvinyl chloride floor coveriag absorbed heat
from the children's feet, and caused a builddup of
statlic electricity on the sutfage of the pales.

Rus=x,; Bng, Transl.

NON-OCCUPATIONAL EXYPOSURE; DEPOLYRERIZATION

<198>

Popav, L.A,; Yablochk, V. D., (Characteristics of
gases released by polyvinyl ¢bloride film.), Gig.
Sanit. (Hyg. Sanit.) 32(7-9): N1u-317 (1967).

Gases released during ageing and thersochesical
deqradation of polyvinyl chloeride film included
aldehydes, dihutyl phthalate, carbon dioride, fatty
acids, carbon monoride, hydrocarbons, vinyl
chloride, and hydrogen chloride. Depolyserization
sccompanied the processes of degralation vhich
released gases in excess of the marimum permissible
concentcation for vorking preaizes at 20, 40 and 100
degrees C. At 100 C, 152 mq/u} vinyl chloride
aoncaer was released in 1 hour from a 1| m2 saaple of
polyvinyl chloride filn.

Russ.; ¥ng. Transl.

INDOSTPIAL HYGIENE; DEGRADATION; DEPOLYRERIZATION;
STANDARDS

<199y

Pcpper, H.; Thowas, L.B., Alterations of liver and
spleen asong vorkers exposed to vinyl chloride.,
Ann. N.T., Acad. Sci, 2863 172-194 (1979).

A precursor stage to anglosarcoesa -- characterized
by a conspicuods subcapsular fibrosis, a
nonpathognosonic progressive partal fibrosis, aad a
borderline incresase of intralobular coonective
tissue, all associated vith focal stimulation of
sisusoidal llniaq cell= and hepatocytes -- hax been
found in a prelisminary reviev of hepatic blopsy and
autopsy specieans obtaiped froa vorkers in the vinyl
chloride (vC} industry. This precursor stage is
often accompanied by splenosegaly vith enlarged
nalpiqghian folliclex and in some lnstances by portal
hypertension. Transition to angiosarcoma is
preceded by focal dilatation of sinusoids vith
activation but dedifferentiation of lining cells.
This= lesion is presumably the result of stisulatios
of various hepatic as vell as splenic cells by ¥C or
its smtabolites. TFrequency of the precursor lesjion
in relation to angiossrcoms is not established, bat
{ts detection iz an indication of need to removae the
vorket frow further exposure. Possible arrest of
the progress of the lesion is s2till unclear.

LIVER; SPLEEN; CLRCINOGENICITY: PRECURSOR;
BRISTOLOGT; PATHOLOGY

<200>

Prodan, L.; Suciu, Y.; Pislaru, V.: Ilea, E.; Pascu,
1., Experimental acute toxiclty of vinyl chloride
(sosochloroethane) ., Ann, .Y, lcad. Sci. 286:
154-158 (1975},

Environmental Health Perspectives
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The acute toxicity (L050) of vinyl chloride (YO to
alce, rats, guipea pigs, and rabbits vaz daeterained
by 2 ht exposures to various concentratioas of ¥C
introduced at the lover part of the chasber at the
beginning of the experimant and hald for the test
period without ventilation. The gas has no tendency
to diffuse and bigh concentrations accuwulate
easily. Other experiments deternined the lethality
of ¥C vhen there vas ventilation in the gas chamber,
and vhen the gas in the chamber was constantly
stirrad, -‘Lethal concentratlions wvare } times laover
vhen the gas vas not stitrved. Death vas preceded by
excitement, contractions and convulsions,
accelerated respiratica turning to Chafne-Stokes
respiration, folloved by resplratory fallure and
death, Autopsy revealed general congestion of all
internal organs, Sose anisals shoved pulmonary
edewa, warmorated liver, and slight tusefaction of
the kidneys.

TOXICITY; RAT; MICE; GNINEA PIG; RABBIT

€201>

Prodan, L.; Suciu, I.; Pizlaru, v.: Ilea, Z.: Pascu,
L., Experiasental chronlc poisoning wvith vinyl
chloride (sonochloroethenel., Ann. Y.f. Acad. sci.
262 159-163 (1975) .

Guinea pigs vere exposed daily to 10t vinyl chloride
(YC} for 90 days. A second group vas exposed in the
=ase wvay but received 10 =g of vitasia € in a
solution of 201 sepharose adainistered orally vith a
plpette, which reduced the gravivy of the lasions
caused by vinyl chloride, Grovth was diminished in
poisoned animals vith the exception of a qroup vhich
vas poisoned for 1 sonth and kept for 2 months
before sacrifice, and {n & group vhich vas poisoned
for 2 months and kept for 1| month before sacrifice,
These tvo groups had better grovth than the
controls. No hematological changes vera observed.
Spontaneous sotllity vas lessened dua to the
narcotic effect of vC, Significant differences {n
ascorbinesia occurred, but vitamin C in the
suprarenal qlands shoved no significaat variations,
Liver velght shoved no significant differences as
cospared vith body veight, but veight of the kidneys
vas significantly higher in all paisosed anisals.
Intense histopathological and hlstochewical lesions
vete prasent in liver, kidneys, spleea, and lungs.
These lesions wete conflrwed by special staining
methods,

TOXICITY; LIVER; KIDMEY; LONG; SPLEEN; GUINEA PIG:
VITARIN C

€202

fushin, G.A,, (Lesion=x in the liver aad bile ducts
in vorkers producing some xinds of plastics.), Sov.
Med. 28(2): 132-135 (1965). (BA 47: 27890)

Exam{nation of 150 vorkers in the Sverdlovsk Plastic
factory between 1957 and 1960 revealed that 15% of
vorkers In the manufacture of polyvinyl chloride
(PVC) had liver and blle duct disorders.
Rolling-will operators vere the most (requantly
involved class, probably due to their exrposure to
deconposition products of PVC. The disordar was
diagnosed as chronic epithelial hepatitis. 1In 9 of
23 patients, the hepatitis vas asgsociated wvith
bypoacidic or anacidic gastritis, in 15 with
functional disturbances of the central setvous
system, in 7 vith thyroild disorders, and in 1 wity
hypochroaic anesia.

Russ,
LIVER; NEOROLOGICAL; OCCUPATIONAL EIPOISORE;
IPIDERIOLOGY

€203>

Raanug, U,; Johansson, A.: Ramel, C,; ¥achtmelster,
C.A., The sgtageniclity of vlayl chloride after
setabolic activation., Amblo 3(5): 193-197 (1974},

The mytagenic effect of vinyl chloride (¥C) on

June 1975

Saleonella typhlisurius was analyzed hy meansz of
reverse autations in the histidine locus; metabolic
activation of the VC molecule was studled by the
addition of rat liver micrososal systeas to the
bacterial cultures. The sicrosomal systea {ncluded
the supernatant fros the centrlfuged 1liver
homogenate of Sprague-Davley rats, sized with an
NADPH-gqenerating systea coansisting of NADP,
qlucose-4-phosphate, phosphate buffar, mMgCl2, and
KCl. 9C was added as 1) gas dissolved i{n vater, 2)
qgas dissolved in the microzomal systes, and 1)
erposure of the bacteria io the alctosomal systes to
111 vol/ vol VC-contsloing atmosphere for 75 sinates
at room tamperature. A significant increasa vas
found in the sutation rate after arposure to the ¥C
gas, but not to the dissolved VC, Experisents
vithout liver wicrososes, or without NADP, elicited
no sutagenic effect. Therefore matabolic activation
by the aigrosomes sppears to be required for the
nutagenic effect, vith the most plausible primary
metabolite being chloroethylene orxide. Mutagenicity
tests of the metabolites are under vay, It is
reasonable to assuae that the carcicogeni¢ action is
also dependent on the same wetabolite, and that the
carcinogenicity of VC could have been pradicted by
nutagenicity testing,

0EVPSElL SBY

MUTAGENICITY; CARCINOGENICITY

20Uy

Heed, A,B,, Speclalty propellant blends: Thelr
evaluation and application to aerosols., Proc. Ches.
Spec. Afg, Assoc. Hid-Tear Atng. 48: 56-63 (1962) .

Spray pattern of an aerosol depends upon the
pressure of the package, and volume ratio of
propellant to concentrate, Paint aerosols -
including alkyd, lacquer, and acrylic systeas - vete
tested for flamwability, paint stability, contalner
corcosion, and pigmentation, using different
propellant blends, including winyl chloride. Vinyl
chloride formulations required wore agitation, due
to increased solvency and sore settling.
Polymerization vas not a factor. Corrosion occurred
ip containers with systems contalaipng winyl ,
chloride. rilling equipment and plant facilities
myst be evaluated to insure safe handling.

SAFETY; OCCUPATIONAL EXPOSURE; ARROSOLS

205>

Regnaylt, V., Ueber die ZusSamaenzetzung des
Chlerkohlepvasserstoffs. (The synthesis of
chlorinated hydrocarbons.), Justus Liebig's Annalen
der Chedie 14; 22-28 (1815).

Vhile attempting to verify the forsula for ethylene
dichlorida, Regnault observed a crystalline
precipitate which formed in a aixturea of ethyleone
dichloride and an aleoholic solution of potaszius
hydrate. Wvhan the codtaining receptacle vas held in
the hand, the liquid boiled evolving a gas wvith a
decidedly ether-1lke smell vhich barned with a
yellow flame vith green edges, and vas siailar to
ethyl chloride. HAa identified the precipitate as
potassiuas chloride and, after further researcch,
establiszhed the formyla for the gas to be C2HIC].
It cuuld be liquified at =15 to -18 degrees C, vas
solubla in alcobol and ether, and less soluble in
vater, This gaseous substance vas later recognized
as vinyl chloride.

Ger.

SYNTHESIS; ANALYSIS

206>

Reynolds, E.5,; Jaeger, R.J.; Aucphy, 5.D., lcute
liver intury by vinyl chloride: Involvesent of
endoplasaic reticulus in phenchbarbital-pretreated
rats,, Poviron., Health Perspact. $1: 227-233 (1975).

Phenobarbital pretreated rats vere aerposed to 5%
vinyl chloride (¥YC) for 6 hrs. Dilatation of the
cysternae of the rough endoplassic reticulas
occurred in the cantrolobular liver parenchysa; in
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the ssooth endoplassic reticulum cystarnae coalesced
fato discreet agqreqates reseanbling danatured
mesbranes, These results support the hepatotorxic
hypothesis: ¥C conversion to a toric metabolite by
the mixed function oxidase systam of liver
endoplassic ceticulye.

PATHOLOGY: RAT; PHENOBARBITAL

€207>

Roemp, H.y Tinylchlorid. (7inyl chloride.), Chesie
Lerikon, Prank’'sche verlagshandlung, Stuttgart,
Germany Band I¥: 6931 (1966) .

Properties of the vinyl chloride (V0] gas are
sussarized in a brief paragraph., V€ vas first
described by Regnault in 1838; itz polymerization
capabllities vere recognizad {n 1878, but vere not
utilized until 1933-1935, VC has been utilized in
aeros0ol boabs since 19%%, German patent nusbers are
listed, nmanufacturers in Germany are: Allied
Chesical; BASF; Dov: Dynamit AG.; Ethyl Corp.;
Huels; Schuchardt.

Geg.,

PROPERTICES; MANUFACTURE

208>
Rathschild, L, Jdr., Viryl chloride nevs notes, Pest,
Chea. News Sept. 1973 to Nov, V974,

Detailed coverage and in-depth analysas, every veek,
of kay developaents regqacrding the laws and
requlations governing pesticldes and toric
cheaicals, Por the period September 1973 through
November 1974 the folloving oevs {teas vere
released: V1{u0): 2 (Sept. S, 1973} viayl chloride
sonomer survey to document the health erperience of
vorkers, 2(11): A (Feb. 13, 1974}, Emergency OS5HA
Standazrd for vinyl chlacide and PVC possible. 2¢12):
19 (Peh, 20, 1974). Industry clajms eaergency QSHA
Standatd for vinyl chloride unnecessary. 2(13):
AT-18 (reb, 27, V974). V). Pecrmanent DSHA Standard
for vinyl chlorlde, PYZ aay be effective in April.
2). EPA requested 1o suspend pesticides contalning
vinyl ¢hloride as a propellant, 3). rast
isplesentation of OSHA Persanant Standard may
=atisfy worker groups. 2(15): 7 (mar., 13, 1974). Epa
is expected to act on HPG's vinyl chloride petition
in abour a month, 2(17): 310 (mac. 27, 1374)., OSHA to
issue permanent and tesporary vinyl chloride
standacds, 2(17): 2{(Mar. 27, 1974). vinyl chloride
petition filed by the Health Research Group (HRG) is
marpected to get an TPA responsze soon. 2(18): 18
{(Apr., 3, 197a) ., EPA Vinyl Chloride Task Force
seabers will brief public featerest groups. 2(19): 2%
(hpr. 10, 1974}, EPA plans to releaze nimes of
pesticides containing vinyl chloride april 15,
2{20): 2V (Apr. V7, 1974), ¥oluntary recall of
pesticides containing vinyl chloride requested by
BPA. 2(2V): 20 (Apr. 28, 1974)., EPA suspends 28
pesticides containing vinyl chloride, 2(21): 29
fapr. 2, 1974), Suit filed to try to forca release
of nases of all vinyl chloride pesticides, 2(22): 8
(May 1, 1974) . Suzpension order, notice of intent to
cancel vinyl chloride pesticides lssuyed. 2(22):
20-21 (May 1, 1974). 9. vinyl chloride sonlitoring
protocals being developed by EFA'S ORD. 2). Viagl
Chloride Task Porce could recosmend ragulatory
action. 3y, EPA asked to issediately seasure vinyl
chloride in air near plants. 8). OS5HA Persaneat
Standard on vinyl chloride still pending. 2(23): 2
(may 8, 1974)., vinyl chloride and polyrinyl chloride
toxlcity will be the subiegt of & warking gronp
seeting in Xew TYork City may 10-13. 2(28): 5 (nay
15, 1974y, Scientists hear of viny] chloride
dangera: OSAL proposes parsanent atandard, 2{2%Y: S
(Ray 22, 1974}, ¥inyl Chloride Taak Porce aies at
July \ for regulatory recomsaendatlons. 2(26): 3 (may
73, 1976). more vinyl chloride pesticides suspended
and brand nases released, 2). EPA checks asrosols
for sore vinyl chloride pesticides, 2(26): 21-22
(May 29, 1974). EPFA way recossend above zaro ailr
levels of ¥C; OSHA schedules hearing. 2). PP Tamk
rorce weats to raviev sctions, draft
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recommandatians, 2(27): 3 (June 5, 1974). Yinyl
chleride air esisaion data requested by EPA froe 27
firws. 2(28): 1316 (June 12, 1976). 1), vinyl
¢hloride plant esisnions not lwaloent hazard, Train
says. 2). AC) begina four bev research prograss on
vinyl chloride. 3). Firm requests bhearing on
suspension/ cancellation of vinyl chloride
pesticide. 4)., vinyl chloride pesticlde recall
eati{eated at 271,900 uynits. 2(29: 7(June 19, 1974},
V). PDA tells consuwers PYC data shov lov monomer
levels vith current ases, 2). rinal EZPA vinyl
chleride air emission standacd could be {szsuad {s 10
ronths. 2(30): 10 {June 26, 1974) 1}. Report
estisates 239, 92 pounds of VCN ewissions per hour
froew one plant., 2). OSRA's *inyl chloride standard
vill destroy industry's "viability*, SPI claias,
2(32: 5-6 (July 10, 19783, 1), EPA suspends 18 more
vinyl chloride contalning pesticides, 2). DsSHA Yioyl
Chleoride Standard hearinga continue this veek. ).
OSHA's draft environmental lspact statesment oa the
Standard notes i{ts "adverse consaquences". 2(33): 12
(July 17, 1978). 1). EPL vinyl chloride requlation
nears; wonitoring reports fi{led by Regions 2, 3.

2} . Tenneco plant Lln Reglon 2 has VCA air emisgsions
of 8,6000 pounds/day, report says. 2(34): Tf1-1a
(July 24, 1974) . 1), Vinyl chlaride research plans
discus=ed by szeven agencles, Mo Xnowvn technology to
ceacve VCX from air streass, fipm says. 2(3%); 12
(July 31, 1974), Conclusions in OSHA draft PIS oa
vinyl chloride standard not supported, says 5PI.
2(361: 11 (hug. 7, 1974}, Landf{lling P¥C solid
vastes is probably not an acceptahle disposal
method. 2{38): 6 (Aug. 21, 197uy. 25HL draft EIS on
proposed vinyl chloride standard s "superficial®,
EPA saya. 2(39: 13 (Aug. 28, 1974). ly., Senata
hearings on vinyl chloride eaphasize neced for toric
substances bill. 2)., EPA outlines 3yoals {n control
of vinyl chloride ealssions, 2(42): 13-16 (Sept. 18,
1978) . Traln orders f{mplementation of all Yinyl
Chloride Task Porce recommendations. 2(u%): 2 (Oct.
9, 974). Yinyl chloride fipal standards set out by
OSHA {n the Oct. 4 Federal Wegister. 2(66): 8-9
(Oct. 16, 1874)., ). PY¥C air wonitaring to start
heay tvo plants In the sauthease, 2. vinyl chloride
used again to press for Toxie Substances Control
Act. 2(47): 25-26 (Cqt. 23, 1974), Vinyl chloride
finite asbient air standard not yet possible, EPA
paper says. 2{49): 4-6 (Nov, 6, 1974). Industcy must
act to prevent vinyl chloride type {ncidents,
Schveitzer says.

PESTICIDE; TOXICITY

€209
Rothschild, L. Jr., vinyl chloride nevs notes, rood
Chew, MWews June 14, 1973 to5 Oce, 28, 1974,

A veekly Vashington publication for erecutives
providing in depth information regarding requlation
of food additives, colors, pesticides, and allied
products, News headings frow June, 1973 to October,
1974 are listed as search paraseter gquides: 15(13):
7 {Jane 18, 1973}, Continued use of polyvinyl
chloride resins in alcobol-contacting gaskets asked,
15(17): 2 (July 16, 1970, polyvinyl chloride
proposal to ellslnate the prior sanction for use io
packaging alcoholic beverages. 15(35): 13 (¥ov. 19,
1971) . ZPA cowment on PYC proposal suggests llwiting
vinyl chloride sonomer, 15(40): 22 (Dec. 24, 1973).
Full and complete testing of PVC resins and bottles
urged by firw. 15(50}: 25-36 (mar. &, 1974). rok
Asks SPI for further data on polyvinyl chlorides
15(52): 23-29 (Max, 18, 1973), POA may revoke prior
sanction for PYC food packaging. 16{2): 5 (Apr. 1,
1974 . Interis food additive order for PYC vould st
llajts, 16(3: 3 (dpr. B8, 1974a), schaldt =zays rDA is
concerned adbout PYC food packaging. PDA has beguan
collecting data from indastry, ather goveroments,
16(): 2 (hpr. 8, 1974) . Yinyl chloride use ia
aerosol food producta, V&(&): 20 (Lpr. 29, 1974}y,
PYC proposal wvill liwit ¥CSH by waod test, but sot {n
reasin. 16{8); 2 (May 13, 197a), ¥Yinyl chleoride
indostrial ezposuce lialt, 16¢1H: 3 (June 17,
1974) . vinyl chloride industrial erposare limit.
Ronk says PYC data shov low monomer levels with
curreat uses. 16(22): 25-26 (Ang. 19, 1974), pYC
Docuaent being readiad for publication. 16(29):
15-16 (oct, 21, 1974} . 1), FOA ravises PYC proposal
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to set tvo food uses. 2). VCK static extraction
tests from PYC plpe reported by flew, 16(31): 17-18
{0ct. 2V, 197%), Schaffoer describes PYZ requlatory
situation. 16(32): 43-40 (Oct. 28, 1973). 1). FrDA
policy on PYC food uses delayed for coordinated
agency viev. 2), Johns-manville says VCH aathod can
be used only {n vater.

<2103

foyques, L., L'acfo-osteolyse dans 1'industrie des
satieres plastiques, (Acroosteolysis In the plastics
industry,), Presse med. 75(37): 1388 (1967},

A case stuydy of a vorker in a polyvinyl chlorlde
polyserizaction plant revealed symptoas similar to
®ayhaud's phenosenon as well as cold =ensitivivy and
clubbiog in the fingers, and to a lesser ertent in
the toes. ¥o skin changes vere observed., Hassive
osteol ysis of the terainal phalanges was seen on
tadiological ezssination., Other vorkars vho handled
the rav saterials of the polywer vere not affected.

fr.

PATNAUD'S PRENOMENON; ACROOST20LISIS; BONE;
OCCUPATIONAL FIPOSURE

<211
Rove, V.F., Fiperience in industrial axposure
control., Ann, N.Y. Acad, Sci. 246:; 306-310 (1979.

methods avallable for environmental acnitoring of
air for the presence of vinyl chloride are: 1) gqas
chrosatoaraphy, 2 totsl hydrocarbon analyzer vith
flane {oniza*ion detector, 1)
cosbustion-conductivity, and 6} infrared
spectraophotometry, Dov utilizes
cosbustion-conductivity analyzers coupled to
coeputer output, continuous gas chrosytography
units, and portable instruments based on infrared
spectrophotometry, Personnel aonitoring Ls achieved
throaogh use of absorption tubes filled vith
activated carton folloved by gas chroaatography of
absorbed chlorinated hydrocarbons, BHreath analysis
iz & less uszed sethod, Sose of the plant design and
engineering orinciples recoasended acva: 1) closed
processing systeas, 2) open-air bulldings for ¥vC
manufactore or polyserization, 3) reasonable process
autosation and reaote operation, 8) closed-loop
sampling systean vith on-line wmonitoriang, %)
specially designed vapor equalizing lines for
losding of tank cars, ) continuous environaental
sonitoring, 7) cleaning of reactor vegsels by vater
fets -- folloved by blanking of all entry lines,
with assursd orygern supply, contlinuous vinyl
chioride sonitoriag probe, and air purga during
ently and cleaning of the vessel,

RANOFACTORYE; SAFETY; OCCOPAITIONAL EIPOSORE

212>

Rumyantseya, E.P,: Gorvacheva, L.A,, (Clucocorticeid
function of the adrenals is patients suffering froa
chronic polsoning vith some unsstoratad and
chlorinated hydrocatbons.}, Glg. Tr. Prof. Zabol.
12(12)y: 16-18 (1968},

Adrenal functlion vas substandacd in a group of V05
patients vith chronic poimoniag by unsaturated and
chlorieated hydrocarbons (lacludimg vinyl chloride),
Lfter 20 ACTR onits, the Thorn test proved negative
in 33%; in 35.8% ACTH fajiled to produce
lencocytosis: Lo 73%¥ the reaction of
V7-oxycorticoids vas elther negatlve or perverted.

Puns.; Eng. Sunmnm,

ROAdN; OCCOPATIONAL EXPOSORYZ; BIOCHEMISTRY: CASE
STUDY: ADRENAL

213>

Sakabe, M,, Bone lesions among polyviayl chloride
prodoction vorketrs {n Japan., Aan. K.T7, dcad. 3sci,
2061 78-79 (197%).

June 1975

The flrst case of ocgupational acroosteolysis (o
Japan was reported ia 1972 in a polyvinyl chlocide
{PYC) reactor cleaner vho had cleaned reactors fros
1960 to 1960, Also in 1972 the ainistrcy of Labour
requested health exasminatioas of all PYC vorkers in
polyserization processes. Froa 1599 workers, x-cay
erxawinations revealed 2 clear-cut sases of
occupational acroosteolysis, vith 48 suspected
cases. A standard of dilagnosis has since been
established and distribuoved i{n an effore to 1mprove
x+ray exasinations. fThe threshold Liait value for
vinyl chloride (V¥C} has been reduced to 200 ppa.
Exposure has been reduced by means of protective
clothing, iwproved wethods of reactor cleanling, and
shortenvd vorkxing hours. A thoroujh epidesiologircal
study asong vorkers {n VC and PYC plants in Japan is
planned.

BONE; OCCOPATIONAL EXPOSURE; POLYCLEANER; STANDARDS;
ACROOSTEQLYSIS; CASE REPORT

<2143

Sar, W.I., Vinyl chloride., Dangarous Properties of
Tndustrial materials, Van Nostrand Reinhold Co., Nev
Tork 3Ird ed., pp. 1227-1228 (1369).

vinyl chloride--chloroethylene or chloroethena--vith
a foraula of CH2CHCL {s a colorless gas, or liquid
vhen inhibited, vith a faintly sveet odor. It has
the folloving constants: Holecular veight: 62,50;
boiling point: -13,8 C; lover erplosive level: u%;
upper explosive level: 22X; freezing point: -159.7
C; density of liquid; 0.9155 at 15 C, referred to
vater at 9 C; vapor pressure: 2600 am at 25 C; vapor
density: 2.15; autoignition temp: 882 r. It is
soderately frritating both to the lungs and by local
application, causing skin burns or frostbite, Its
chronic effect on the Systes is unknewn in humans,
but it causes liver injury in rats and cabbits.
Circulatory and bone changes are repocted in vorkers
handling the sonomer. Threshold lisit valoe {s 500
pps or 1290 mg/al), It is a flre hazard vhen erposed
to heat or flame, ard is difficult to extinguish
Exploslon hazard is high. When heated {t eaits
toxic fuses of phasgege.

EXPLOSIVE; SAPETY; OCCUPATIONAL ZIPOSORE;
PROFERTIES; SRIN; LIVER; RUMAN; BOWZ

cevsel S®YH

€215

Schaffner, R.M., PDL and the vinyl chloride problen
- An overviev., Association of Official Apalytical
Cheslsts mMeetlng, Yashington, D.C. 11 pages (October
15, 1974).

Polyvinyl chloride (PYC) vas approved by the rood
and Drug Adalnistration (rpi) as a food packaging
naterial on the basis, froa available analytical
data, that the resin vas insoluble in
food-sisulating solvents, and that (t did not
nigrate into the food. 1In 1973, levels of 10 to 20
pps vinyl chloride (VC) vere found in ligquer
packaged {n PVC bottles, and data indicated that ¥C
could also wigrate into non-alcsholic foods. In
19748, deaths frow angiosarcoma, supposedly due to V<
vere announced, and research on rats shoved tusors
developed at 250 ppw level of inhalatlon, 1In dpril
1976, YDA requested recall of products using ¥C as &
propellant, and their ban vas published in the U.S.
Fedaral kKegister. ©PEPA banned VC as a propellant in
pesticide aerosol propellants aad instituted
environeental surveys. Reports of aangiosarcoas and
other tumors in rats inbkaling 50 ppm YC vere
released by Prof, C. Raltoai. In June 1974,
angiosarcoma vas diagnos=ed io employees of the PVC
fabricating industry. Res{dual levals of YC {n PYZ
vary depending on the processing, particle size and
porosity, and drying wethods., Basic resin may :
contain levels from several to 2000 ppa, and the
final prodoct may coatain anyvhere froa less thao !
to several hundred ppe. NWork directed toward the
appraisal of carcinogenicity of ¥C by the oral route
ias in progress. 1 lov residual sonomer cootent is
indicated in thin filus and highly plasticized
articles., Preliainary results in methodology
deywlopaent indicate that vC may be datermined at
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levels of S0 ppb in vegetable oilsx and
tood-simulating solvents representing agueous,
acidic, aleohollc, nnd fatty foods, and at  ppes in
the PTC plastic itself,

ANALISIS; NON-OCCOPATIOIRAL EXPOSURE; FOOD; AEROSOLS

€216>

Schanche, D,A,, Yinyl chlorlide: Tima boab on the
produoction line,, Today's Healeh 52(9): 16-19, 70-72
(1978).

Realth hazards of vinyl chloride wvera ficst brought
to the attentlion of the American public vhen J.L.
Creech Jdlscovered a cluster of rare anglosarcoaa
cases among the vorkers of 8.F, Goodrich's
Louisville, Kentucky plant., Orgent medical
inquiries began, Subsequently various investiqating
groups aobilized: the Dccupational Safety and Realth
Adainistration (pSHA) of the pepartmeat of Labor;
the National Instityte for Occupational Satfety and
Health (¥IQSH): the Invironaental Protectlon dgency
(EPA)}; the Center for Disease Control (CDC); the
vational Institutes of Health (NIH); the Aaerlcan
Cancer Soclety (ACS5); the fnviroosental Sclence
Laboratory, Rount Sinal School of Redicine, Rev
Yorx. An ewergency standatd of 50 ppy has been set,
The vinyl chlotide industry stated that & proposed
persanent standard of no detectable laval 1= not
feasible and {f adopted vill shut dova the entire
plastics indugtry, ©On tha other hand, a vorker
representative threatens a shutdovn Lf the proposed
pecmanent standard i{s not adapted, One cospany has
reportelly teduced levels to as lov ag | to 5 ppn,
Three fatal cases of noavoccupational erposure to
vinyl ehloride have ogcurred in dew Tork State, The
IPA estisates 3OO0 million pounds of vinyl chloride
excapes into the atmodphere each year,

STANDARDS] OCCOPATIONAL YIPQOSTRE; NON~OCCUPATIONMAL
EXPOSORE; CANCER; LIVER; ANGIOSARCORA

<217
Schausagn, O,, Effect on the heart of =gase
{nhalation anaesthetics., Hedzin. Cheale 2: 112-140

(1939,

*ther, chlorofors, solaesthin (CH2CHCL), and vinyl
chloride (YC) vere tested to detecmina the
concentrations {njurfous to the heart of the cat.
Relative insufficlency of the heart vas measured by
the auficular pressuave; and the limiting
coocentration at vhich absolute insufliciency
occurred vas alao neasutred., In cosparison vith
ether {3 vol ¥}, vinyl chloride required 1% vol %
for the sase relative insufficlency. Zther caused
corplate insuffi{clency at 12 vol X, but sbsolute
insufficiency vas not possidble vith VQ, even wlth 2%
to 30 vol X. The concantration of VC in the blood
duriny anaeathesia {s 15 to 17 ng ¥ as compared vith
chlorofora at 30 to 50 ag %, although a
concentration of chlorofora 10 times higher than V¢
is regquired for anesthesia., The ratlo of apesthetic
to toric concentration is the aost favorable for
vinyl chloride of those anesthetics taasted,

ARESTHETIC; CAT; CARDIOVASCULAR

<218>
Schuidt, A.H., Ruman drugs containing vinyl chloride

ot packaged in polyvinyl chloride containers,, Ted.
Register 39(78y: 14238 (April 22, 1974},

Pach ragistrant under section 510 of the Pederal
rood, Orug, and Cosmetic Act (= required to submit
to the rood and Drug Adainlstration a list of all
husan drogs vhich are being wanufactured, prepared,
propajated, cospounded, or processed for cosmerclal
dlstribation and vhich contala vinyl chloride
whether or not the vinyl chloride is apn active or
igactive ingredlent, and a list of all huwan drug
producty packaged Ln polyrinyl chloride contalners
or 1o containers vith polyvinyl chlorlde liners.
Inforsation vas to be submitted by may 22, 1974,
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€219>
Schneidersan, d.A.; Rantel, ¥.; Brovn, C.C., Proa
modde to map -- OC hov to geat fros the laboratory tao

Park Avanue and 59th Street., Aon, ¥,T. lcad. Sci.
2061 237-248 (1975) .

The extrapolation of woderate ot high dose anjwal
toxicity data to presused effects Lo wap may be vary
dangaerous, and must be dooe cavtiously. 2Iven the
axtrapolation from seall ot wedlus-yized erperiments
at bigh-dose levals to the very lov dose lavels
where large nusbers of animals are required is full
of risks. ©Extrapolation within spac¢les using four
comneon mathenatical wodelling sethods and the
naltoni liver anglosarcoma data as examples ara
discussed, and the difficulties of ysing wodels for
lev-dose effacts are slucidated. The sodels
lavclving time-to<“response need aore developaent as
acst of them are concerned vith sedian tise to
appearance of capcef vhila the present need L{x the
tise for 1 or 0.1% to develop cancer. Probleas
include loherent observational probleas,
mathewatical problens, competing risks, interactiaon
of materlials, natural incidence, methods for
including nonexrperimental evideoce as data, and the
establishing of acceptable rist levels,
Extrapolation from one specles to another fovalves
differences in dose~size relarion, smetabolic rate,
the vatio of blood voluwe to circulation time,
tissue binding, generation time of cells, rate of
repalr processex, and degree of environaental
control, Appropriate research on specles
differances in metaboliss and iao the mathesatics of
sodeling and extrapolation are nesded. Alze
ispcrtant Ls free and open discussion of the
socially related issues =« acceptable risk as vel]
as the costs and benefits to both the indlvidual and
tao society,

EPIDEMIOLOGY; MODEL; STATISTICS

€220>

Schottek, V., Zugr Toxikologla des Vinylchleorids,
(Toxlcology of vinyl chloride.), Chems. Tech. 21(11):
708-T11 (1969) .

Mice, rats, and gquinea pigs survived a 200,000 ppn
vinyl chloride ezposure, but shoved adena of the
lungs and congestion of the liver, At 70,000 ppe
quinea pigs lapsed {nto deep nafcosaix vith severe
irritation of the eyes and resapiratory organs. In
tats, 100 ppe exposure for 7 hours par day over &
months produced liver <nlafgesent, In humans,
concentrations of 1,000 to 25,000 ppm ptoduced
cential-nervous-systen dlsturbances ranging frow
slight dlzxiness through sleepiness and nausea to
saveCwe vartigo, dlsorientation, headache and vizual
disturbance, A brief reviev of the literature is
presented,

Ger .

TOXICITY; RAT; MICZ; GUINEA PIG; HUAAN; OCCUPATIONAL
FIPOSURE; STAMDARDS

<22 1>
Schveitier, G.®,, Environmental coocerns beyond the
vorkplace., Aan. N.Y, Acad. Scl. 2u6: 296-302 (1975).

The Environsental Protection Agency (EPA) suspanded
the use of pesticides ip enclosed areas vith a
mandatory recall of stocks in the market, and is
investigating the naed and authority for further
tegolatory actlon. An excess of 200 sillion pounds
of vinyl chloride (VC) and 50 million pounds of
polyvinyl chloride (PVC) i released annually to the
envircament, Ppldemiological stndies of popolations
neat the chenical plants prodacing YC apd PYC are
oweded. Alxo naedad ate toxicological tests
detalling the likely health effects of ¥YC ip ambient
alr near these chemical plants, and research to
clarify the toxicological significance of impurities
in Y¢, synergistic affects of other chesicals, and
netabolic reactions induced by YC. 1In additlon to
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the imwediate concern with sablent and peak levels
of YC neay chesical plants, EPA i3 concerned 1} with
the ¥C leval in vater and aludge, 2) vith developing
sampling and analysis procedures, 3) vith the
parsistence of ¥C, 4) with tha sigration of ¥C from
PYC, and %) with the disposal of PYC., Passage of
the Toric Substances Control Act vould greatly
assist the EPA in these concerns,

ENVIRONMENT; NON-OCCOPATIONAL EXPOSURE; ANALYISIS

€222>

Schvetz, B,A.; Leong, 8.K.J.; Suith, 7.1, Balaer,
m.: Gehring, P,J., Results of a vinyl
chloride-teratology study o sice, rats, and
rabbits., Abstracts of Papers for 14th Annual
meeting of Soclety of Toricology, villlsasburg,
Yirginia, March 9-13 (1975) Abstract No, 29: p. 25
(1975 .

The deleterious potential of lnheled vinyl chloride
monower (VC®) vas avaluated on the developling ewbryo
and fetus of mlce, rats, and rabhits axposad to 500
ppm YCM 7 hr dally during organogenesis. Some of
the ¥CH-exposed mice vera also treated vith 15%
ethanol (EtOH) in the drinking vater to detersine (f
¢thanol ingestion altered the toxiclty and/or
teratojenicity of YCHM. No slgns of tozlcity vaere
observed in the adyle rats ot rabhits during
exposure or at the time of necropsy and cesarean
sectlon, A significant de¢crease vas swen in rat
fetal body welght; in both rats and rabbits the
incldence of external, soft tissue and sxeletal
nalformations vas not different from gontrol
litters, nRice vere wore susceptible to VYCA than
aither rats ov rabblts, A slight decrease in welght
jain vas recorded asong nice and asaternal deaths
vere observed (6 deaths/)0 exposed mlce),
Pregnancy rate asong slce vas slightly lover than
among controls; a slight lncrease vas observed for
resorptions and fetal body veights vere somevhat
lover than control values: but the {ncidence of
erternal, soft tlssue, and skelatal malforuations
vas not different from cootrols. Concositant
treataent of sice with ZtOH in the drinking vater
accentyated =<oae of the toric effects assoclated
vith exposure to YCA alona. MNaterpal welght galn
and pregnangy rate verm further decreased, but the
incidance of saternal deaths vas not lncreased by
concomitant PtOH ingestion, <The incidence of cleft
palate and certain skeletal anosalies vas
significantly increased among mlce racelving EtOH
plus ¥YCx, tThus, based on the results of thisx
jnitial study, exposure of bred wice, rats, and
rabbles to SN0 ppa VCR durlng organogenesis did oot
remult in a teratogenic responsae,

TERATOGENICITY; RAT; AICZI; RABBIT; INTEIRACTION;
ETHANOL

€223>

Selikoff, I,J., (Pd.,): Hamwond, X.C. (B4.), Toricity
of vinyl chioride-polyvinyl chloclde., Ann, ¥.7,
lcad., Sci. 20&: 14337 (1979).

This voluwe results frow a vorkshop held at the ¥evy
York Acadesy of Sciences on Xay 10 and 11, 1974,

The contents include Part I, Toxicological
Investigations of vinyl Chlorlde-Polyvinyl Chloride:
A. Clintcal studies (V0 papears), B. ExperCisental
Stydies (7 papers), and C, Patholegy (1 paper); Part
IT. Carcinogenesis arssociated vwith viayl Chlovidae:
A. Experimental Studies (2 papers), B, -
Epldealological Studies (& papers), asd C. Pathology
{? papers):; Part III. Environmeatal Consfderations
(2 papers); Part IV, Contrel and manajesent (2
papers): and a bibliography.

COMPERENRCE

€225
Sairnova, X.k,: Gramik, ¥.P,, (Loag-ters side
effects of acute occupational polsoning by certain
hydrocarbons and thelr derivatives.), Glg. Tr, Prof.
Labol. 18(5): 50-51 (1970). (MA52; 46328y

June 1975

Tvo case studies of vinyl chloride poisoning are
incloded ian this report. The frequency and degree
of erpression of 1) functional disturbances of the
central nervous system (CNS) 2) sywpathetic-sensory
polyneuritis, and 3) organic disorders of the brais,
which vere s¢en as resldual effects of the
peisoning, depended upon the severity of the
intoxication, previous CN5 diseases, and the time of
recovery bafore retyrning to work, .

Ruxx.

OCCOPATIONLL EXPOSORE: HOMAN; NEURDLOGICAL

€22%>

Swith, D.L.; Glesler, V.5,, An evaluyation of otganic
vapor resplrator cartridges and canisters against
vinyl chloride,, Watlonal Institute for Occupational
Safety and Health, Division of Laboratories and
Criteria Developaent HEW Publication

o, (MIQSHY75-111, 2) pages (1974).

Concentrations of 250, 500, and 750 ppa vinyl
chloride (¥YC) vere passed through 4 types of
approved organic vapoer resplrator cartridges apd o
types of approved front or back moumted organic
vapor gas aask canisters until breakthrough
occyrred. Conventional activated charcoal has a lov
adsorptlon capacity for vC. In tests of 50 ppw and
50% humidity, the einisus service life expected vas
20 minutes in respirator organic vapor cartridges,
Organic vapor front or back mounted gas mask
canisters have sufficient life for 100 sinutes at
concentrations of less than 100 ppu. Nelther
half-wasx organic vapor respirators or
full-facepiece gas masks provided sdequate
protection vhen considering a no-detectable lavel of
erposyre., MNore efficlent sorbents should be
developed.

REGUOLATION; PROTECTION; RESPIRATORY

<226>

Suyth, H.r., Jr., TIuproved comsunication--Hygiaenic
standards for daily intalation., Asec. Ind. Hyg.
dssoc. Qtrly. V17(2): 129-18% (sea 143, 174y (1956).

This extensive reviev of {nhalation standards
presents tabulated toxiclity data and very brief
suamaries on sany cospounds, A Threshold Liwit of
500 ppe for vinyl chloride vas proposed Ln 1947'on
the basis of single animal inhalation studies, and
human response. No effect from daily elght-hour
inhalations at this level vax predicted, and

" natcosis was the sost {wportant effect for ten tises

the threshold lislt. Lung-{njucing halogen
compounds evolving from vinyl chloride on pyrolysls
or contact vith hot wsetal also present a hazard,
The recomsendation for the standard reeained the
sane {n 1956,

STANDARDS; LOXG; OCCUPATIONAL EXPOSORE; REVIZV;
DEGRADATION

s

€227

Soclety of Plastics Enginescs, Inc.; Palisades
Section/ Yinyl Plastics Division, YCn, The
processors’ perspective., Raglosal Technical
Conference, FI, XY Oct. 31-¥Wov, 1({197a}

The S50clety of Plastics Engiseers, Inc. held a 2-day
regional technical conference to dissesinate
ioforsation relative to the nev standard limiting
e1posure to vinyl chloride monomer (YCK), and to
esphasize its effect on the polyvinyl chloride
processor. Sessions vere held to establish a
perapective on the probles, on the OSHL Standavd and
its {nterpretation, on the Enviropmental Protection
Agency vievpoint, on the Pood and Drug
Aduinistration vlevpoint, on analytical devices and
sethods, a8d on protective devices and process
optisiration. Approximately 20 papers vers
presented,

RAFUPACTORE; A¥ALYSIS; OCCOPATIORAL EIPOSURE
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Spector, ¥.5., (2d.}, vinyl chlorlde, Handbook of
Toxicology, Yol, V. Acute torxicities of soliax,
tiquid= and Gases to Laboratory Anleals. wv,.g.
Saunders and Co., Phil., PA. Table IT: 3%1-352
(19586) .

Winiayn lethal concentration of vinyl chlocide for
mice {5 625-750 ag/liter ar 231,000 - 280,000 pps
sdministered continuously for 10 ainutes. Lethal
concentration for the quinea plg is 1024 mg/liter or
400,000 ppe alninistered continuously for 10-20
sinates.

RICE; GUINFA PIG: LETHAL CONCENTPATION (LC)

€229>

Stecher, P.G. (rd.1, Vinyl chlaride., The Rerck
Index: An Fncyclopedia of Cheaicals and Drugs.
Herck & Co., Rahwvay, N,J. Bth ed., p 1108 (1968) .,

Chloroethylene (CH2=CHI1l) {s a synonys for vinyl
chloride. The gaseous cheeical was first prepared
by Fegnault in 1835. A patent for ita preparaticn
by halogenation of ethylene was grantad to National
Distillers and Cheaical Corp. in 1959. The
colorless gas liquefiet in a freezing sirture.
melting point {5 -1A0 deqrees C; boiling point {s
-1u Adeqgrees ©, V¥inyl chloride L= soluble in alcohol
and polyserizes in light or in the prasence of a
catalyst. The wmaln uses are in the plastics
industry, as a refrigerant, and in orjanic
syntheses, It causes natcosis {n high
concentrations and frosthite by rapid evapocation if
spilled on the skin.

PROPERTIES

€230>

Stein, G.; Juehe, 5.; Lange, C.-E,; Valtean, G.,
Skelettveranderungen bel der sogenannten
Yinyloshlorid-rrankheit (Skeletal alterations in the
so-called vinyl chlorile {llness.), Roentgen Bl. 26:
150-355 (1973 .

Roentqgenological eramination of 10 patiants with
so+~called vinyl chloride illness confirws the
typical osteolysis appearing as bands in the
terminal phalanges, Appearance of bandlike
osteolysis represents & positive diagnosis for the
existence of "vinyl chloride disease*,

Ger,

HOAAN; BONE; CASE STUDY: ACRONSTEOLYSIS:
OCCUPATIONAL EXIPOSURE; OSYEOLYSIS

€231>

Stein, G.: Juehe, 5.; Lange, C.-2%.: Valtsan, G.,
Bandforeiqge Osteolysen in den Endphalangen des
Hand=zskelettx. (Band~like oastealysis of the terwinal
phalanges of the hands.), Portschr. Roentgenstr.
BN 60-63 {197y,

tvo polyvinyl chloride autoclave cleaners erhibited
band-like ostealysesz of the tersinal phalanges of
the bands. These specific scleroderma-like changes
are reversible. The disease is linked specifically
to occupational causes.

Ger.

HUNAN; BONE; RATNAOD'S PHENOMENON: ACZOOSTEOLYSIS:
OCCOUPATIONAL IIPOSURE

<232>
stendat, J., Proposed standazd for vinyl chloride.,

Pad. Register 19(92); 16896-16900 (1974).

On May 6, 1974, the proposed perwanest atandard for
husan sxposure to vinyl chloride vas sat at a no
datectadle lavel, ax detersfoed by sethods capable
of deatactisg ) pps vwith an accaracy of 1 pps plua or
aigus S50%, This redoced standacd reselted ftoa data
indicating that 2 of 200 alce expomd to 50 ppm
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vinyl chloride 7 hrs/day, 5 day/waak for 7 months
developed angiossarcoma of the liver, Engineericzg
and vork practice prograss to reduce levels belov
detectability, as vell as respiratoary protection
programs and protective clothing for wvorkers in
requlated areas acre requived by tha standard,
Erployeo training and vritten operational and
esergency plans are to apprise esployees of vinyl
chlcoride erposure hazacds., Cosprehansive medical
examinations and tests are proposeld. Incidents
resulting In the release of vinyl chloride are to be
reported to OSHL,

STANDARDS; HUAAN; OCCOPATIONAL 2XPISORE

<23

Stender, J., Esepgency tesporary standard fer
exposure to vinyl chloride., Fed. Regyister 39(67):
12362-123u4 (1974) .

A nev emergency teapofary standard for occupational
erposure to vinyl chloride became 2ffective April 95,
1974,  The standard applies to any area oc operation
18 vhich vinyl chloride is5 aanufactuted, reacted,
handled, progessad, released, repacred, or stoced,
Tt does not apply to handling, storage or other use
of vinyl chloride polymers and copolysers in the
fora of fabricated products. SMaxisua permissible
expasure {s lovered frow %00 to 50 ppm, vith
monitoring by gas chromatography of sasples
collected by detection derices vorn by personpel.
All ecnitoring is to be tecorded vith recocds
retained for 5 years, VWork expected to release
vinyl chloride in excess of S0 ppa, such as repaic,
@aintenance, or cleaning of reactars shall reguire
continuoys flov or pressure-denand alcg-~supplied
respicators or self-contained bresthing apparatus
Thiz svandard 13 to be in effect no longer than 6
sonths, vhile the safe lisits of erposure of huwans
to vinyl chloride {3 belng deterained. These rules
and requlations :include sections on background,
carcinogenicity of vC, putitions for an emergency
temporary standard, the standard, and detailed
proaylgacions regarding vC.

STANDARDS; HURAN: OCCUPATIONAL EYPISURE: REVIEV:
ANGIOSARCOMA

<23u>
Stender, J,, Standard for exposure to vinyl .-
chloride., Ped, Regizter 39 (194}: JI5890-15898 (1974},

Effective Janvary 1, 1975, the Depactment of Labor
Standard of EBxposure for vinyl chlocide will provide
that no esployee say be erposed to cconcentrations
greater than 1 ppm over any 8=-hr pariod, or to more
than 5 ppm averaged over any 15 ain period, ot to
any direct contact vith liquid vinyl chloride,
"Action level™ (s defined as 0.5 ppw YC over an 8-hr
day. Initial sonitoring shall datermine exposures
1n excess of the action level; shall then be
repeated sonthly if Llno excess of the permissible
e«rposure lisit, or quarterly if i1n excess of the

action level, or at any change vhizh way cause =

excess of the action level. Regulated areas, 4
lisited to authorized personnel recarded on a daily
roster, shall be established vhere V¢ or PYC is
sanufactured, reacted, repackaged, Stored, handled
or used, or vhere ¥YC concentrations are {n wxcess of
the persissible erposure lisit. Zngineering work
practice controls, supplesented vherte necessary by
respiratory protection, and written in plans to be
updated every 6 months, shall be used to reduce
erxposures to the persi=sible limit. FRespiratory
protection suitable to the atsospheric concentration
of ¥C shall be supplied by the employer fros thosa
jointly approved by the Kining Enforcesent and
Safety Aduiniacration, and the Natjonal Institute
for Occupational Safety and Health (XIOSHY, Entry
into vsknowvn concentrations, or concentrations
greatar than 36,000 pps, say be made only for life
rascue, PFaployees engagad {n harardous operations
shall ba provided vith froper resplratory pratection
and clean, dry protective garseats. Written
oparational plans for esergency situations shall be
devaloped for each facility storiny, handling, or
otharvlse asing ¥C as liquid ot cospressed gas, and
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€23uy cont,

each employee shall undeggoe tralnlog relating te
hazards and precautions of its use, L progras of
wedical sarveillance shall he provided vithout cost
to each emplovyee. Entrancas and cootalpners shall be
{nformatively labeled as to the hazard within.
fonitoring, personnel, and wedical records shall be
saintained for a period of 310 yrs., Background,
findings, discussion, and the detalled rulas and
regqulatioes are to be found in the Standard.

STANDA®DS: OCCOPATIQMAL EXPOSORE

€235>

Stulova, ¥.A., (Chavracteristics of tha state of
thermortequlation {n chronic vinyl chloride
poisoning.), Gig. Tr, Prof, Zabol. 17(3: 53-5%5
{1973) . (B8x 57: 23156)

vorkers -- 80 men and 56 voaen from 25 to 45 yrs of
age -+ expored chranically to vinyl chloride for 3
to 15 yrs exhibited both subnormal and increased
body teaperatures., Acrohypotheraia, decreased
arterial flov, and spasa of capillarias and wediuya
caliber arteries could not be attributed entirely to
the state of the peripheral circulation. <Clinical
physiolozical analysis indicated that these
disturbances, and those of heat production, vere due
to functlonal iwspajireent of the hypotaalawlc brain
stea structures. Theraoregulation shauld he =ztudied
for early detection of chronic vinyl chloride
poizoning.

Fuss.

CQCCUPATIONAL ZIPOSURE: DIAGNOSTIC; THZRUOREGOLATION

€2136>
Suciu, I.; Dredssn, I.; Valaskal, fA., Ptude des
waladies dues au chlotege de vinyle, {Study of
illnesses due to vinyl chloride.}, mel. Lavoro
SA(u): 261-271 (1967 .

Clinical and biochemjcal findings in 168 vorkers
engaqed {n the production of polyvinyl chloride
allovwed clarification of the clinical pattern of the
indyced diseases by such a substance. Besides the
narcotic-type syndrose, syaptoas of naursasthenia
vere ohserved after repeated erposures. Liver
enlargemrent vas present in 30.2% of the caxes;
Raynaud's syndrome vas observed in 6%. Skin
wanifestations vere chemical and allerqic dermatitis
and sclefoderad{a. 1In S50% of cases vith
sclerodernia, thyroid {apairwent vas also obzecved,
The skin and muscle blopsy, perforwed in 3 cases,
shoved a pattern of collaqenosis., All skin
manifestations had disappeared vithin a year after
stopplng vork, aexcept in one caszae, The initial
appearance of nervous manifestations and of
digestive, angloneurotic, and cutaneous phencaena
suqgests that cerebral corter damage, and later on
diencephalic and endocrine dasage, plar an Lfeportant
role. (Modified author abstract)

fr.: Eng. Susm,

NAPCOSIS; NETOROLOGICAL: LIVER; SKIN; RATNAQD'S
PHEROAEZXON; EPIDEMIOQLOGY; ANGIONRUROSIS

£237>

Suciw, T,: Dreiman, I.; Valaskai, ®., Contributii la
studiul imbolnavirilor produse de clorura de vinil,
{Contributions to the study of diseases caused by
vinyl chloride.), Red., Invercna VS5(8): 967-978 (1963} .

Toxic symptoss in a gqroup of 168 ewployees from 2
polyvinyl chloride plants included the narcotic
syndrowe and angjioneucotic disturbances.
Hepatomegaly vasx present in 30.2% of the cases and
raynaud's syndrome in 4%, Cotaneous manifastations
consisted of chenical and allergic dersatitis asx
vell as scleroderaa, Biopsy revealed collagen
disease in 3 cases, All cutaneous sanifestatlions
{except {a one case] dlzappeared vithin one year
after interrupting work in the polyvinyl chloride
plant. cortical dynawlc dlsturbances and, later,
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the diencephalic centers and endocrine systes play a
tole ln causing these symptoms,

fan.; Eng. Summ,

LIVER; SKIW; GASTROINTESTINAL; NEUROLOGICAL;
ANGIONEUROSIS: BIOCHEMISTRY: HONAN; RAYNAOD'S
PAENO®ENQN: OCCOPATIONAL BEIPOSURE

€238>»

Suciu, I.; Prodan, L.: Ilea, E.; Padurarfu, A.:
pPaseu, L., €linical maoifestations in vinyl chleride
poicoaing,, Ann, X.Y, Acad, Sci, 2u6: 53-69 (1975).

In 1961, the =tudy of clinical and biological
manlfestations in vorkers of vinyl chlocride (vC)
sanufacturing plants was bequn., ©Sxaslnations vere
tepeated by the same staff froo 1962 through V969.
Acute and subacute polsonings occurred with high
cancentrations of YC, but vhen conzentratlions vere
decreased by 22 times, acure polsonings disappeared
and chronic manifestaticens occurred. Changes in the
necvaus, cagdiovascular, digestive, cutaneous,
endocrine, and hematologic systemsx vere recorded and
studied, nReasures such as heraatizatioa, reduction
of hours of erposure, vitasin therapy, change in
fob, and a 22-fold reduction in toxic substaace in
the air reduced syaptoss by tvo-thirds, The resulrs
and di{scusslon section is suhdivided into nervous
sanifestations, cardiovascular manifestatlons
(arterial hypertension), digestive sanifestations,
respiratory aanifestations, cutaneous
nanifestations, endocrine alterations, hematvologic
changes, and prophylagtic and therapeutic sessures.

SKIN; LONG; CARDIOVASCULAR; NEURILIGICAL; LIVER;
ENDOCHRINE; EPIDEMIOLOGY

<239>

Tabershaw, I.R.; Gaffey, ¥,.R.,, Mortality study of
vorkers {n the manufacture of vinyl chlor{ide and lts
polyaers., J. Occup. med, 16{8) 1 S04-%18 (197I0y,

A mertality satudy of 8385 aen vho had at least one
year of occupational exrposure to vinyl chloride
demonstrated that cancers of the digestive systes,
resgiratory systea, brain, and cancers of unkoown
site occurred more ofteo than expected ia those
asabers vith the greatest erposure. There wvas an
unexplained inverse relation of buccal cavity and
pharynr cancers to exposure. The overall mortality
of the study population vas approrimsately 75% of the
expected, vith no statistically significant cause of
death othaer than that expacted {n a comparable
population. No cases of anglosarcoma of the liver
vere found vhich had not been previously identified,
There vax a consisztent pattern of increased
nortality froe cancer vith an increase of exposure
or estisated exposure to vinyl chloride,

CANCER; ANGIOSARCOAA; OCCUPATIONAL EXPOSOURE;
STATISTICS: BPIDEAIOLOGY:; AORTALITY

<€280> //’

Takeuchi, T.; mabuchi, C., A case of occupational
acroosteolysis, presusatly caused by viayl
chleride., Jap. J. Ind, Realth 15; 385-393 (1§73).

Japan is second to the United Statas {n production
of vinyl chloride, Raynaud’s phenosenon vas
reported amang vorkers in a vinyl chloride (¥C)
wanufacturing plant in 1954, Three of these vorkers
vere reeramined in 1970 but neither Raynaud's
phenomenan nor acroosteolysis was found. The case
study of a 36-yr old man vho had vorked as a ¥C
polycleaner for 8 1/2 years ravealed acroosteolysis,
Raynaud's phenosenon, sclerodecsa, and {aduration of
both handd. The epidersis of the skin of the left
band vas norsal, but collagen fibers vere edesatoas,
and thickened vall and infarction of vessels vas
present {n the corius, Cecrtain sequelae to the vinyl
chloride poisoning persisted aftar 9 yra avay {ros
the fob as polycleaner. FPresent saxisaos acceptable
concentration of VC lo Japan is 50) ppa.

Jag.: Ing. Sums. 1
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<240> CONT,
ACROOSTROLYSIS; RAYNAOD'S PHENORENON:; SKIN;
OCCUPATIORAL TIPOSURE; HOMAN; CASE STUDY

261>

Technology Conferences Associates, The vinyl
chloride wonoser and PYC problew,, Conference of Fl
Segundo, California Pebruary 27, 1975,

The conference heard reports on 1) Requlatoiy
Concepts for VCH Fxposure, 2) EPA Assasssent of the
Vinyl chloride and PVC Problews, 3) What SPI is
boing abuut the Challenge Pacing the vCaspye
Industry, 9) The Enigaa of OSHA'S vCA Rullag, )
Measureaent and Ronitoring of YCN in Pplant
Atmospheres, ) Detection and Analysix of vca, 7)
The Use of Respiratory Equipsent Agafnst Vinyl
Chloride, B) ZXconoaic Aspects and Techaical Probleas
of the PVC Producer and FPabricatecr, 9) Reductlon and
Control of ¥CM {n PYC by Advanced maiging and
Cospounding Techniques, 10) Hov vill the Federal
Requlations Affect the Supply of PYC, and 11) Hov do
the Federal Aequlations Affect the Pabricator and
Can He Ensure Compliance?

CONFERENCE

U2y

Thoaas, L.8.; Popper, H., Pathology of anglosarcosa

of the liver asong vinyl chloride=polyvinyl chloride
vorkers., Aan., N.T. Acad, 5S¢, 246: 269-277 (1975).

Pathologle saterials fros a lisited nuamber of vinyl
chloride-polyvinyl chlaoride (¥C+PYC) vorkers, some
of vhoa had anqglosarcosas of the livar, vere
revieved for grnss and microscopic features of
hepatic angiosarcona. Based on microscopic
observations, 4 continuous Spectrum of changes vere
sanifest initially bv sultifocal areas of stisulated
sinusoidal e=lls, folloved by increasing deqrees of
sinusoidal) cell atypia and proliferation associated
vith sinuscidal dilatation, culsinatiang in a
progressively groving, infiltrative anglosarcosa
vith a sinusoidal growth pattern., Tha saries of
changes appears to be sulticentric but only sose of
the leszions progress to fully developed
angiosarcomas. Farllest histologle caanges of
sinusoidal cell atypia and proliferation which vould
charactecrize Aefinite and progressive angiosarcoaa
vere not jdentifiad. welther vax it possible to
determine by sicroscopic observatjion vhether
angrosarcosas in organs other than tha liver
fepresent metastases of primary neoplasas.
Proliferation of the hepatocytes apparantly —
influence angiosarcona developsent. Histoloegic
features varied considerably in different portions
cf the angiosarcoma in the same liver and in the
angiosarcomas of the liver from different patients,
but many features vere similar such as sinusoidal,
papillacy, and cavernous gqrovth patterns coincident
vith the precursor leslons of proliferation and
atypia of sinusoidal lining cells.

ARGIOSAPCO%A; LIVZP: PATHOLOGY: HISTOLOGY

€241>

Torkelson, T.R,: Oyen, F.; Rove, Y.K., The toxicity
of vinyl chloride sx deterained Lty repeated exposure
of laboratory anisals., Amer. Ind, HYJ. Asscc, J,
22(5):  3S4-361 (V1941Y),

Rats shoved ejcropathological changes after
repeated, dai{ly 7-hour erposures to vinyl chloride
at 500 ppm for 4.5 wonths. Repeated 7-hour
sxposures at 200 ppe for sir sonths resulted in
liver changes in rabbits and rats, but no detectable
changes in dogs and guinea pigs, All species
studied tolerated repeated daily 7-hour exposures to
50 pps for six wonths vith no detectable ioqury

The available huwan experience indicates that injury
is not likely wvhile operating under a threshsld
liait value of 500 ppuw., A time-veighted average for
all exposure hovever should probably not exceed 50

pPu.
TOIICITY; PAT: FABBIT; DOG; GUINEA PIG; LIVER; LONG;

HEART; KIDNET; SPLEEN; TESTES: STANDARDS

L2494

Tribukh, S.L.; Tikhomirova, ¥.P.: Lavioa, 5.¥.;
Kotlov, L.A., (¥Yorking coaditlans and measures for
their isprovement in production and use of vinyl
chlorida plastics.), Gig. Saanit. Xo., 10; 38-uu
(1985) .  (CA a&; 1746a)

Chlorinated hydrocacbons in the atmosphere of vinyl
chloride production plants average betveen 0.005 and
0.27 mg/l, vwith a large proportion of chlorinated
biphenyls. 1In fabrication plants, sisilar or
somevhat higher amounts of chlorine ace found.
Yentilation needs are stressed. 1 tendency for
resplratory and circulatory disordecs, aasd some
cases of hepatitis, vere found. Skin eruptions vere
caused by the chlorinated biphenyl plasticizers.
Pressure rolling above 120 to 130 legrees vas not
recoamended,

OCCUPATIONAL EIPOSURE; LUNG; CARDIOVASCULAR] SKIN;
LIVER

€245

Tuxoski, V., The detecaination of vinyl chloride in
aerosol formuylations and can lininys., Abstracts of
Papers, American Chemical Soclety, 169th Ratlonal
meeting, April 6-11 (1975 aAnalyticsl Section,
Abstract No. 122 (197%9).

Using tvo sethods of gas-liquid-chromatography,
vinyl chloride (VC)} standards in tetrahydrofuran
vere prepared and cospared. Stability and analysis
tire are discussed. HMethods given enable the
analysis of one-tenth pps vinyl chloride in pure
tettahydrofuran, and to ) pps if interfering
Substances 4re present.

ANALTSIS; ABROSQLS

U6y

Ueda, K., (Disturbance of buaman haalth by chewical
substances - Toxicity of organochlorine compounds.),
Nippon Tshikai Zasshl (J, Jap. fed, Assoc.) 69(2):
207-216 (197%) . (PESTAB 73: 01170)

Organochlorines are soluble {n fats, accumylate in
fat tissues and the liver, are damaging to the
liver, are narcotlic, and produce acne. Aderabolic
aod detoxification wechanisms include the action of
glutathione~S-alkyltransferase on alkylhalogen
coapounds, glucuronate confugation and excretion of
chlorophenolic compounds, and mercapturic acid
forsation and excretion of partially dechlorinated
compounds and those bonded to glutathions compounds.
Honomeric vinyl chloride is owe of the compounis
tevieved,

Jap.

PROPERTIES; BTOCHEZAISTRY:; LIVER; SKIN: HUNAKN -

L2247

¥Yan Duuren, B.L., On the possible mechanisas of
carcinogenic action of vinyl chlocide., Apn. M. T.
Acad. Sci. 266: 298-267 (1979).

Relevant ioforwation bearing on the possible
sechanisn of action of the carcinogen vinyl chlorile
is revieved, Indirect-acting alkylating carcinogess
are related vith their direct-acting counterparts.
Based on earlier studles, noncovaleat blading to
serus albusin, wicrososal sembranes, or other target
sjites say precede activation to a carcinogenie
intersediate. Sefum albusin binding may be related
to the asite of origln of acroosteclysis, a discase
assoclated vith efposure to vinyl chloride,
rrichloroethylene 4 structurally similar to viaoyl
chloride and known inforsation concerning fts
setabolisw in aniwals apd san, suggest an
alpha-chloro ether or -cnius fon as an jwportant
iotersediate in {ts setabolisws. It {sx probably
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carcinogenic, particularly to the liver bot this
temains to be established.

BIOCREAISTRY; NETABOLISA; CARCINOGENICITY

£248>

Yazin, A.N.; Plokhova, %.T., ({(Obtainiag an
experimental model of the toxlc angloneurosis
arising under the chronlc wf fact of viarl chloride
vapor on the organiss.), Glgq. Tr. Prof. Zabol. 12:
%7-49 (1968),

Rabbits erposed chronically to vapors of vinyl
chloride in concentrations of 9 to 10 ag/) shoved
disturbances in the cardiovascular systes, A
pathology msodel based on a descriptioa of these
functional changes could be useful in the study and
experisental therapy of toxic angionaurosis.

Ryss,

RABBIT; CASDIOYASCULAR; ANGIONROROSIS; ARIRAL RODEL;
DIAGHOSTIC

£249%

Yarin, A.N.; Plokhova, E.I,, (Changes i3 the rate of
inculcation of conditioned raeflezes ia rats on
prolonged erposure to'vinyl chloride vapor {(n
concenttations approaching the aaxisus persissible
concentration.), Glg. Sanit. (Arg. Sanit.) 35 (4/6);:
A3u4-a35 (1970).

Iventy albino rats (10 experimantal, 10 controls)
required an average of 10 and 10.4 prasentations,
respactively, to acquire a stable conditioned reflex
to a stieulus (wetronome). Latent tiae required to
respond to the stimulus vas 4.5 and 4.6 seconds,
respectively, After the experimental rats had been
exposed to "3-8 vinyl chloride vapor/mid™ (xic) daily
for 4 months in a hermetically sealed 100-liter
chamber, 11! presentations of & nev stimulus (bell)
vere required to arrive at a stable conditioned
reflex. No increase in latent period of response
was Jdetected. It vas concluded that prolonged
exposure to vinyl chloride in concentrations
approaching the wariwum persissible concentration
may produce alterations in the functional state of
the higher divislons of the cestral aervous systea.

RAT; WEDROLOGICAL

€250> N

Yazin, A.N,; Plokhova, B.I., (Changes of cardlac
activity in rats chronically exposed to vi{nyl
chloride vapors.), Farmakol, Toksikol. 32(2):
220-222 (1969 .

ildbino rats exrposad to vinyl chloride vapors ~ 0.03
to 0.08 g/l for 5 months - exhiblted cardlac thyths
diatyrbances, developed bradycardia, and shoved
reduced I-IT and T-IT sound intervals vithout marked
chatiges in the Q-T interval, Cardfiac rchythas
returned to normal vithin 15 days after tersination
of exposure vhereas the I~IT and T-XII {ntervals
continyed significently belov the control level for
1530 days, Resultantly the maxisum persisaible
concentration of vinyl chloride at 0.03 sqg/l appeacs
to have been cversstimated.

Russ.; inq. 5qun,

TOXICITY; RAT; CARDIOVASCOULAR; STANDARDS

€251>

vazin, A.N,; Plokhowa, E.I., (Chadges in
adrenaline-like substances {n rabbit blood folleving
chroole exposare to vinyl chloride fuses.), Cig. Tr.
Prof. zabol. 13(€): a6-47 (1969} .

Chiochilla rabbits vets exposed to 0.02 mg to 0.03
39/1 vinyl chloride in air for & hours dally over a
period of 5 aonths. After 40 days the level of
adrenaline and adrenaline-like mubstaoces in the
bleod streas had risen from 3.5 wg ¥ to 6.8 ug %

June 1975

vhere it remained constant, Hypertension vas
attribated to this effect of viayl chloride,.

Russ.

RABBIT; HYPERTENSION; ALORERAL

252>

vazin, A.N.; Plokhova, P.I., (Pathogenic effect of
chronic vinyl chloride exposure to cabbits.y,
Farwakol. Toksfikol. 31(3): 369%9-372 (1968).

Chronic polsoning in rabbits with 9 to 10 ag/l vinyl
chloride produced chacges {n the bloslectric
activity of antecior aad posterior qgroups of the
hypothalamus nuclal, Cardlovascular changes
locluded alterations in pulsa, arterial pressutre,
and ¢lrculation rate,

Russ.; Ing. Sues.

WEYROLOGICAL; CABDIOVASCOLAR; RABAIT;

€29

Yeltaan, G.; Lange, C,.-Z.: Juehe, 5,: Stein, C.:
Bachner, O,, Clinical wanifastations and course of
vinyl chloride discase., Ann., N.Y. Acad, Sci., 246:
6-17 (1979) .

Seventy patients vere erami{ned vho had been eaployed
through a4 rasge of 6 mon to 21 3/% yra vith an avg
of 7.7 yrs, ln cleaniag polyvinyl chloride (PYC)
autoclaves; la centrifugling, drying, and sifeing
processes {n PYC saaufactucae; and vith vrapping PYC
as an end product. Initial sysptoms included apper
abdoninal complaints (in 60% of the cases),
tiredness, dizziness, nusbness in fingers and toes,
increased perspiration, cold fingers ar hands,
arthralgia, fepotency, and head- and leg-aches.
Outstanding objactive syaptoss vere throsbocytopenla
in 81%, increased BSP retention in 67%, splenomegaly
ip %7%, and retlisulocytosis in %1%  Sxin changes
consisted of club-1ike svelling ani shortening of
the {ingers, and coarse vhite to ivory-colored
infiltrates rangirg from grains to saall bodules,
Aistologically there vas hyperorthokeratosis and
thinning of the epiderwis, endothelial svelling aad
lyaphocytic infiltrate in the subepidernic bousdary
layer, and svollen or hosogenous collagen bundles,
vith the elastic fibers ashowving evidence of .
rarefaction, fissuvration, and fragmentation. Xo
direct correlation wvas found betvees thase findings
and the severlty of i{nternal flndinga, vascular
changes rangad froe zlight narroving of the vascular
lumina to cosplete absence of f{lling of the
agteries along the vhole length of the finger.
Slight to severa throsbocrtopenia vas found with
<uch frequency as to make the platelet count anm
obligatory teat {n all PYC workers. Isprovesent of
platelet cognt wvas observad in only 6 of 29 patients
in 1 te 1 1/2 yrs after quitting their jobs.
Taprovenent in skin and bone changes vas aore
frequent.

ACRCOSTEZOLYSIS; SKIN; BONE; THROASOCYTOPENRIL;
OCCOPATIONAL EIPOSQRE; HOAAK; CARDIOVASCOLAR; CASE
s5tobY

€25a>»

Yiola, P,l., Cancarogenic effect of vinyl chloclide.,
Abstracts. Tenth Iot. Cancer Conf., Houston, Texas
Sesaion 56: 742 Abstract meo. 29 (1970).

Rale Gistar rats, veighing 150 g, vere erposed to 3
vol T vinyl chloride at the tate of 4 hr/day, S
days/veek, for 12 months. 2After 10 wonths, 70
percent developed squasous Gell carcliposa of the
extarnal auditory sestos, Thirty-two percest
developsd carcinomas and adepocarcinomsas shoving
typical signs of squascas astaplaszla in the langs.
Twenty-five patrcent shoved chondroid setaplasia of
bone tissue with inteose perlostosis particularly
located in the tarsal and aetatarsal bones.

CINCER; RAT; LO¥G; BOWE: EAXR
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€255>
viola, P.L., Pathology of vinyl chloride., Hed.
tavaro 61(¢3}: 17u4=180 (1970) .,

Twenty-five rats vere exposed to vinyl chloride
{(YC), 3% by wvelght or 30,000 ppa, 4% hrssday, S
days/veek for 12 sonths, The animals vere soporific
at filrst:; at 10 wonths some szshoved decreaszes {n
veight, in aggqressiveness, in reaction to external
stinuli, and often disturbed equilibrium. Thirteesn
died from cardio-respiratory coaplications, 2 froa
hemgtoperitoneum., Rost shoved brain, liver, kidney,
and thyrold degenerative changes; & xzhoved
hiztopathological alterations of bones sisilar to
acroosteolysis in wan, vith periosteal proliferation
and chondrial setaplasia. The connective tissue vas
disasoclated; elastic rmticulum vas reduced and
frageentary; valls of the doerma vessels vere
hypertrophied vith lumsen sosetises obliterated; and
nerve endings vere surcounded and infiltrated by
fihrous tissue. PReduction of the thrashold lisie
value for vC, and elinmination of wanual cleaning of
autoclaves vere recoasended,

STANDARDS:; RAT; BONE; LONG; BRAIN; LIVER: XIDNET;
THYROTD: ACROOSTEOLYISIS

€256

viola, P,L.: Bigotti, A,; Caputo, A,, Oncogenic
response of rat skin, lungs, and bonas to vinyl
chloride., Cancer Res. 31: S16-522 (V371 .

Rats (AC/IPE Wistar straln) vere exposed to a
constant flov of air containing 3% v/v vinyl
chloride monomer for 12 months, 4 hours a day, 5
days a veek. The cutanapus System proved sost
susceptible to oncogenic effects, wvith eplderwoid
carcinomas located preferentlally in the area of
submaxillary and parotid glands, Tuwors also
developad {n the lungs and bones, Other effects
vere noted in brain, liver, kjidneys aad intestinal
sucosa. The role of macus-producing cells i=x
conf{ectured,

CANCER; SKIN; LOUNG; BONE; RAT

4257

Yon Oettingen, W.PF., Halogenated plefinic
hydrocarbons, vinyl chloride,, The Halogenated
hliphatic, 0Olefiniec, Cyelic, Aromatic, and
Aliphatic-Atnsatic Hydrocarbons Including the
Halogenated Insecticides, Thelr Toxicity and
Potential Dangers, Departaent of Health, Education
and Welfare PHS Pub., Mo, 41T 195-197 (19%5%5).

This comprehensive 1955 reviaev of hydrocarbons
sufveys the literature concerning the toricity of
vinyl chloride to humans and to test animals froa
1930 (patty, Yant, and Vaita) through 1947 (Oster,
Carr, Krantz, and Sauervald), and notes that the
Aserican Conference of Governseat Industrial
Hygienlsts accepted 200 ppm as the Threshold Lisit
for continued exposure in 195),

REYIEW; STANDARDS

€258>

vagner, E.R.; Muyelder, ¥W.¥., A procedure for
prepatring taC-labeled vinyl chloride,, Ano. M. 7,
Acad, Sci. 246: 152-15) (1979).

To preparae the labeled vinyl chloridae,
1,2-dichloroethane-1,2-t4C vas injectad into an 8
foot = 1/4 inch diaseter U-shapad glass
chromsatographic column, packed vith B0-90 wesh 25%
Dov ¢orning 410 Gus on acld-washed Chromsorh ¥
except for the top 35 cas, packed vith a catalyst
prepared by sixing 20 g of Chrossorb ¥ and 10 g of
barco G-60 charcoal. The catalyst portion of the
chrosatograph was heated to 800-250 degree C, but
the resainder of the coluan vas held at 150 degres
C. The second peak (retention tise: 1.4 alp) vas
75-85% of the product mass and vas shovo to be vinyl
chloride by infrared and gax chrosatogmaphic .
analysis.

LABRLING: STNTHESIS

<259

Veichardt, A., Dlie Hautgefahrdung ila der
Kunststoffindustrie, (Endangering the skin in the
plastics industry.), Berufsdecmatosea 18(1): 25-34
(1970) .

Toric substances used vithout appropriste pratective
seazures are particularly dangerous in the plastics
industcy. A reviev of the literature on skin
lesions produced by synthetic materlals {ncludes
epideniologlical ztudies ln Japanese and Englisn
polyvinyl chloride industries.

Ger.; Ing, Suam,

REVIEW; ACROOSTEQLYSIS; RAYNAUD'S PHENONERON; SKIN;
BOMY; PPIDENIOLOGT; CASE REPORT

<260>
Reinberg, J.H,, Torle surprises from the plastics
industry., sci, Newvs 106(10); 1560-155,157 (1974),

Twvo and one~half aillion vorkers produce more than
29 billion pounds of plastics yearly in the United
States, many plastic components are toxic. rifteen
vinyl chloride vorkers died this year reportedly
from liver cancer vhich vas chaalcilly induced.
Small, still undefined amounts of vinyl chloride
cause fibrotic lesions on the liver after only a
year of 50 of exposure, Unpolymeri{zed vinyl
chloride {= setabolized to aonochlocroethrlene oxide,
the probable carcinogen that acts upon liver cell
seutranes. It is sore dasaging in fasting anisals,
probably because of dapletion of a assbtana
protective substance, Current requlation of the
plastics industry is fractionated. The Toxic
Substances Control Act passed by both houses of
Congress is nov in conference committes. Much data
needed for setting effective standards lies vithia
industry., There {s consensus on need for research
on nev and existing cowpogents of plastics.

STANDARDS; CCCOPATIONAL EXPOSORE: CANCER;
ANGTOSARCOAA

<26 1>

vilson, R.H.; McCorasick, ¥,E,: Tataa, C.P.; Creech,
J.L., Qccupational acroosteolysis., JAar 201(8): |
577-581 (1967,

Among 3,000 personnel involved in vinyl chloride

- ——sanufacturing and polymerization, 31 cases of band
acroosteolysis were diagnosed--particularly
osteolysis specific to the distal phalanges of
hands, Raynaud's sysptoms wvere associated
frequently vith this disorder. Thixz conditios
results prisarily fros three conditionos: 1)a
chesical lnsult, 2)a physical inselt, and 3ja
personal idiosynerasy., Tventy-seven of the 31 men
had a positive cofrelation to the "polycleanear™ job
assignasent,

ACROOSTEOLYSIS; OCCOPATIONAL EXPOSURE; RAINAUD'S -
PHERQORENON; SKIN; BOME; CASE STUDY; RUKAN;
EPIDENICGLOGY; POLTICLEANER

<262

vithey, R.J., Uptake and pharmacodynasics of vinyl
chloride adsinistered to rats by different routes.,
Abstracts of Papers for 14th Annual Aeeting of
Society of Toxicolaqy, ®illlawsburg, vYirgiaia, Rarch
9+~13 (1975) Abstcact Ro. 603 p. 49 (1975).

To assess the harard preseasted by the oral ingestion
of vinyl chloride monomer, rats -- surgically
preparad vith an indwelling Jugular canala -« verse
dosed by intragastric intubatlon vith solatlons
contailoing ap to 2 ag/nl of aqueous vinyl chloride;
sequential sasples of blood alloved tise
concentration curves to be obtained, Optaka of
vinyl chloride by this route 13 extresely rapid,
peak concentratioos being achieved less thas 10 ain
after adainiztrarion, Elfsinatiocn fros the blocd

Environmental Health Perspectives




€262> CONT.

compartment appears to be blexpounential, the slover
tereinal phase having a half-1llfe of about 6 sin,
Studjes vith the same animal model, in a slngle
restraint cage, exposed to concentrations of vinyl
chloride of up to 2000 ppm in the gas phase have
shovn & siallar rapid uptake followed by 2 plateau
blood concentration Aduring several hozrs of
exposure. On remoral from the vinyl chloride
atsosphere, blood concentrations fall rapidly to
barely detectable concentrations after 10 min.

BIOCHEWMISTRY; RAT; INGESTION

263>

vYolf, r.; Kreter, B., Zur Diffusion voo sonomerea
Vinyleklorld in Polyrinylchlorid., (piffuslon of
vinyl chloride monomer in polyvinyl chloride.),
Plaste Kaut. 21(1): 27 (1974), (CA 80: 146581p)

The diffusion coefficient of viny)l chloride in
polyYvinyl chloride vas inversely proportional to the
K-valye, probably as a result of greater chaln
mobilivy. Diffusion vas lover at 50 deqrees thap at
20 deqrees, and attalnment of equilibriua vas slover
at 50 deqrees, HNelther particle size nor
plasticization time systeewatically affected the
diffusion.

Ger.

PROPERTIES

June 1975

<264

¥ystt, R.A,; Kotchen, J.A.; Rochstrasser, D.L.:
Bachanas, J.¥., Jr.; Caspbell, D.3,: Slaughter,
J.C.; Doll, A.H., An epidesinlogic study of blood
screening tests and {llness histories asong chesical
votkers involved in the maoufacture of polyrinyl
chloride., Ann, X.Y. dcad, Sci. 246; 40-87 (1979).

An epldemniologlcal comparlson of vorkers in the
palyvinyl chloride (PYC) production unit vith
vorkers {n other parts of the Loulsville B.r.
Goodrich plant vas undertaken ia ordac to discern
any datectable blood screening test or {llness
history differences betveen the tvo qroups.
Euploysent and medical histories vere obtained fros
coxpany records, Allergic probless and liver-spleen
dizease vere reportad sare fraeguently in the p¥¢C
production vorkers, but genltourinacy {llnesses vere
sore frequent ia the other group of vorkers, Twelve
blood screening tests vere adsinistered. The
production vorkers had & greater percentage of
abncreal albusin levels, vhile the control graup had
a greater percentage of clinically elevatred 560T and
alkaline phosphatase levels. The effect of age on
cholesterol levels vas significantly different for
the tvo qroyps.

EPIDENIOLOGT; OCCUPATIONAL EXPOSTREZ:; BLOOD;
DIAGMNQSTIC
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A systesatic detection prograas.» iLiver
in der pvC-Produktion, (Chronic-tozfcity liver
P Ve

Acroosteolydis in the plastlics tL'asco-odteolysa
eyamining skeletal bones of persons occupationally
¢pylmonary functieon

fLa polimerizacion

polywarization of vinyl
t8andformige Osteolysen in

osteolysis of the
polymerization,»
polyserization,* [
alterations in the xo0- ¢skelettveranderuagen bei
negropathies of d0lceroautilietrende Neuropathien
the plastica industry.)« ¢Dle Nautgefahrdaung in
Raynaud-sSyndros und Akroosteol ysea bel Arbeitern
schroniasch-toxische Leberachaeden bel Arbeltern in
durch finylchlorid-Polymerisate und/oder

the ethylene secies (oleflns) asd their chlorite
and gnsaturated hydrocarbon gases and their
poisoning by certain hydrocarboos and their
toccupational

illhesses due to vinyl chloride.)* ¢Ztade
plastics #L'acra-osteolyse dans l'indastrie
echlorinated $0eber die Zusassensetzung
dBandformige Osteolysen in den Eadphalangen

tzur Toxlkologle

in vinyl chloride vorkera. 1 systematic
¢The taoxicity of vinyl c¢hloride asx
chloride. ) » t(Pathogenesis of changes
formed ln vitro from the ¢Trapping with 3,8-
on 1ts hepatotoricity and {nteraction w¢ith 1,1-
Bergfskrankheit), (The mo-called vinyl ftlaber
called winyl chlogide L2lness.)» tUwber
The synthesis of chlotinated hydrocardons,}*éTeber
bernfsbadingte Systessklerose? (The so-called [)
Endangering the skia in the plastics {ndustry.)* #
in ajr.» ]
von aonomerew Vinylcklorid ia polyvinyleblorid. {
Polyvinylchlorid, (Diffosion of vinyl fzar
asapra fenosenulul Waypawd la muncitorii

apisals, s
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Clinical study.*

clinico-patogenice asupra fanomesului Raynaud 1la
Clinico-Pathogenic conslderations on Raynaud's
clorera de vinil. (Contributicns to the atudy of
Cloraro de Vinllo y sus clesgos. {(The

closed ecological aystew, s

Coatiugm.)* 4 {Sanitary-cheaical
code nusbers of products containing vinyl chloride
cohort of vinyl chloclde~polyrinyl chloride
Colorisetric deteraination of vinyl chloride in
Combastion products (row vianyl chloride monower,=
commercial organic compounds. Y. Vinyl chlocida,*
coasunication--Hygienlc standards for daily
communitles vith polyvinyl chloride production
components of plastics manufacture,*

components of palymecs used ip packaging.=
coapounds and thelr action on mamnals,)*

compounds {n air.s

compoonds. ¥, Yinyl cbloride.* response of quinea
conpodnds, tsafety in the
Compoundx.)* ¢t(Probleas
coapouada,) * #(Disturbance of hLuman health by
concentratioa.«*

concentration,)® to vinyl chloride vapor {(n
concentrations approaching the saxisum parmissible
concentrations in tats and rabblts.*

concerns bayond the varkplace.,®

conditioned reflexesx in rats on prolonged arposure
Considecatil clinlco-patogenice asapra fencaenului
conatatation nouvelle en France. {A syndrome of
coostituents,}* undsoder deran Beglejtstoffe.
constitutlion of hydrocarbons and cardiac
contalners.* fHuman drugs containing
Contaminants.»

Contribagtil la studiul imbolnavirilor produse de
Contributions to the study of diseases caused by
control.®*

Control and sanagesant)*

Conttol of hazardous asaterfal spills.

Control of peroxidizable compounds.»

Control Act. Could {t prevent the vinyl chloridas
copolysers ¥

correlation &f clinical and envicosmental

conmetic aegosol products.®

coat $100,000 per plant.» fPralisinary
Conld it prevent the vinyl chlorides of tosorgow?e
counties vith plastics and ralated industries,*
Current tesults.*

Cotaneous lesions {n actoosteolysis, =

daily inhalation.*

damage asong polyvinyl cblori{de production

damage and anglosarcoma in vinyl chloride vorkers,
damage in vorkers in polyvinyl chloride productiosn.
dangers belng studied.*

dans l'industrie des watleres plastiques. {
dealing vith unsaturated hydrocarbons of the
dafects in nonseoking vinyl chloride vorkers.*

del Cleruro de ¥Yin{lo y sus riaesqos. (The

den Padphalangen des Handskeletts, (Band-like
Doposition preventlos in vioyl chloxide

Dwponition prevestion in vinyl chloride

dar soqenannten vYinylchlorid-xrankheit {(Skeletal
der unteren Extresitaeten. (Autilating ulcerous
der Fanststoffindustrie., (Endangecing the skin in
der PYC-herstellenden Industrie. (Sclerodarma-like
der PYC-Produktion. {Chronic-toxicity liver dasage
deran Begleltatoffe. (Polsoning by means of
derivatives (vinyl chlor{de, trichlogoethylene).}*
derivativen, of plants fumigated vith saturated
derivatives,)* side affects of acute occupational
dermatitis froe plaatics.e

des saladies does au chlorure de rinyle, (Study of
des matieres plastiquaes. (Actoosteolysis is the
das Chlorkghlenvasserstoffs. (The synthesis of

des Aandgheletts. (Baad-lixe osteclysis of the

des vinylchlorids. (Toxicology of vinyl chloride.)»
detection prograwm,* #fliver damage and asgiosarcosa
deterwined by repeatad exposure of laboratory
developleg due to loag-ters exposure to vinyl
dichlorobanzenethiol of teactive setabolites
dlchloroethylepe.*vinyl chloride wonomer: Coaments
449 s30g. Yioylehlorid-Krankheit (eice naue

die sogenannte Vinylchlotid~Krankheit, (The so-
die Zusasmapsetzang des Chlorkohleavasseravoffa, (
Die mogepannte Yinylchlorid-Krankheit--eine

Die Hautgefshrdung in de? Kunatstoffindustrlie,
Diffusion of somw organic and inorganic compounds
p{ffusion of vinyl ehloride wonomer in polyvinyl
Diffusloo von monoseres Yinylchlorid ign

dis lodustria policloruril de viafl. (Clinico-
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fliver
d2tevalence of
fRepatic
$0nuaual splenoaegallc liver
41 pav occupational
studies in occupational acroosteolysis--a pew
nanifestations and course of vinyl chleoride
polyserisatione visylchloridl -- nev occupational
in hyglenic conditions of wvorkx and occupational
clorura de vinil, (Contribotions to the study of
chloride, Prelininary ssseaseent #Appandix vIII,
- Toxicity of organochlorine cospomnds,)* [X{
t7inyl chloride - the
¢vinyl chloride as an ingredient of
(chioroethylene; chlorethena). Toricology of
polyvinyl chloride contalners.* tRuman
- f(Ltesions in the liver and bille
dua to vinyl chloride,) = irtnde des saladies
Begleltstoffe. (Polsoning by t2ur Intoxikation
bloassays of vinyl chloride. I. Reseatch plan and
¢Sysposium on toxicity in the closed
100,000 per plast.* ¢prelinmipary
of the eorvironsental fippendix I, Selected
¢tPolyvinyl chloride: Latter to the
and analysis of vinyl chloride ia vaste vater
vinyl 1hie =sogenannte finylchlorid-Krankheit-~
chloride tUeber dle sog. vinylchlorid«Krankheit (
vinyl chloride poisoning.)* ¢ (Characteristics of
fHandling vinyl chloride
chloride.* []
#7inyl chlorlde to get
of vinyl chloride ln vaste vater effluents and air
dvinyl chloride - the drive to redaoce
considerations on Paynaul's phenomenon in the
professionnelle et de constatation nouvelle
4pie Hautgefahrdung in der Kunstxtoffindustrie. ¢
liver in1uty by vinyl chloride; Involvemant of
osteglysis of the tBandforunige Osteolysen in den
ficro-osteolysis occurting in wen
hyqglene and the =state of health in vorkers
and occupatlional dlsease-incidence among vorkers
Zxposure to halogenated hydrocarbons Ln the indoor
vinyl chloride,* #The correlation of clinical and
chloride facllitles, Prelisinary assesssent of the
and air eazissions, Preliminary assessaent the™
considerations. Preliainary assessment the
chloride and ¢prelialnary assessaent the
polyvinyl chloride. Prellslnary assessaent the
polyvinyl chloride. Preliainary assessaent the
regqional asctivities, Prelliuinary assessaent the
of vinyl chloride. Prellulnary aassesdsment the
effects of vYC, Prelimlvary assessment the

of Task Porce, Prelisinaty assasssent the
L

vorkers,*

chloride vorkers,+
polymerization plant.*
liver biopsy among

illness histories awong chemical vorkarx *An
the liver aaony polyvinyl chloride vorkers-- ]
1occupational acroosteolysis, I. An

Terre Aaute vinyl chaloride vapor

tblscussion of paper (Refner, R.E., Jr.,
dracro-osteolyse d'origine profes=zionnelle

dealing with unsaturated bhydrocarbons of the

¢The effect of chlorinated
Study of illhesses due to vinyl chloride.)* ]
biopsy 40nosual splenomegalic livar dlzense ax
vith the use of large-frame phetoflyocrography in
for occupatlional exposure to vinyl chloride. {
chloride vorkers,* inortality
§

photofluorogtaphy in exasining skeletal bones of #(
iInfrared analysis of gases and vapors {n
biochewical Indexes of the blood in vorkers
#Clinical managesment of vorkers

4Changes in pulmonary function in vorkers
$(Changes of cardiac activity in rats chronlcally
#ilterationm of liver and spleen among workers

and environwental measurements for vorkers
¢frperience in industrial

of vinyl chloride ax datersmined by repeated
chloride, » fInterls resolts of
b (Pathogenlc effect of chronlc vinyl chloride

lite substances in rabbit hlood folloving chronic
of conditioned reflexes in rats on prolonged

", INIOSH Recowmended Standard for occapational
¢s5tandard for

tZpergency tesporary standard for

¥5ucrvelllance of vorkers vith history of

of changes developing due to long-tere
Anglosarcosa of the liver folloving vinyl chloride
chloride-induced liver injury after cessation cf

snvironsent.” ’
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disease among polyvinyl chlorlde production
disense asong vinyl chloride and polyvinyl
diseanse amwong vorkers at a vinyl chlocide
dimeane a3 evidenced by peritonesacopy and gulded
disease is born.*
diseane,.*
diseane.* 4Clinlcal
dizesne,* ficropathla extresitatua in
diseane-incidenca asong vorkers engaged in the
dissasen caused by vinyl chloride.)* prodase de
Dimposal of products contaloing polyvinyl
Distaorbapce of human health by chemslcal substances
drive to reduce eaployea risks.*

dfug and coszsetic aefoaol products.”

drugs aand chesicals.* t¥inyl chloride
drugs contalning vinyl chlogride or packaged in
ducts in vorkaers producing some kinds of plastics.)
dues au chlorure de vinyle, (Study of {llheusses
durch Vinylchlorid-polyserisate und/odaer deraen
early results,* ¢Carcinogenicley
ecological systew.*

economic impact study says ¥C sonitoring to cost §
economical considerations. Prelismlnary assesssent
Editor."

efflaenta and alr esissions. Prellwinary

elne berufsbedingte Systemsklerose? (The so~called
eine neue Perufskrankheit), (The so-called vinyl
elactrocardiographic changes in patients with
energencies.=

Emargency temporary standard for exposure to vinyl
esuission standard.*

oaisslons, Prel{minaty assessment of the

employes risks,*

eaployean of the polyvinyl chloride industry.)=®

en France. (A syndrowme of acroosteolysis of
Endangering the skin {n the plasticx {ndustry.)*
endoplasuic reticulus in phenobarbital-pretreated
Endphalangen des Handskeletts., (Band-like

angaged in the polymerization of vilnyl chloride.v
engaged In the production of polyrinyl chloride
engaged in the production of polyviayl chloride
anvironment,.*

apvironsental measurements for vorkers exposed to
envitroumental problems associated vith vinyl
environmental probless assoclated vith vinyl
envirobeenta) problems associated with vinyl
eaviroomental probleas associated with vinyl
enviroomeotal problews assoclated vith vinyl
environsental problems associated vith vinyl
environsental problenms asszociated with vinyl
environsental problems associated with vinyl
environsental problems associated vith vinyl
eavironeental problems associated vith vinyl
Environmental concerns beyond the vorkplace.s
epideslologlic study of blood screening tests and
Epideniologic notes and reports: Anglosarcoma of
apldenjological study.*

eacape.”

et al, Llbid, pp 135-183) .*

at de constatation nouvelle @n rrance. (A syndrowee
athylene serles (olefins) and their chlorine
ethylenes on the perfused lag vessels of the frog.*
Etude des maladles dues au chlorure da vinyle, (
evidenced hy peritoneoscopy and quided liver
erasining skeletal bones of persons occupatlonally
Excerpts from a March 11, 1974, meworandunm.)®
experience of a cohort of vinyl chloride-polyvinyl
rxpevience in industrial exposure control.*
Experience vith the use of large-frame

expired alg,.v

axposed to toxric substances (benzene,

exposed to vinyl chloride and polyrvinyl chloride.»
srposed to vinyl chloride and polyvinyl chlorlde.w
exposed to vinyl chloride vapors.)*

exposed to vinyl chlocide.w

erposed to vinyl chloride.*correlation of cliaical
axposare control.*

axposare of laboratory animals.e $The toxlclty
exposure of rats, hamsters, and mice to vinyl
exrpasuofe to rabblts,)»

axposure to vinyl chlogride fumes.)* in adrecalinoe-
exposure to vinyl chlorlde vapor in concentrations
sxposure to vinyl chloride, (Excerpts from a Rarch
exposare to vinyl chloride.®
exposure to vinyl chloride.*
axposdre to vinyl chloride.=
axposare to vinyl chloride.)*
eaxposure.* ]
aIpOsSurLe.* $Persistence of vinyl
Zxposare to halogenated hydrocarbons in the lndoor

#Clipical

d{Pathogenesis
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#2ffects of slngle and repeated

tIndysecial

tEffects of vinyl chloride

and continuous alr sawpling.* #tnonitorinog
of tylceronutilierende Neuropathien der unteten
ney occupational diszease.* tacropathia
{mutilating ulcerous neuropathies of the lover
balance at vinyl chloride and polyvinyl chloride
in comauyniti{es vwith polyvinyl chloride production
chloride manufacture and use .+ $Informal
angiosarcoma {n two vorkersz {n a PYC-producing

fMore
toxicity of halogenated hydrocarbons. Effects on
rats.* ¢Prellninary studies of the

tPrelialnacy studles of the
[]
tConsidecatil clinico-patogenice azupra
of qases released by polyvlioyl chloride
chlorlde manufacture and use, = tInformal fact-
polyvinyl chloride: A report on the activities and
tHov surqgeon's probe led to vinyl hazard
tehite
f7apor-phase pyrolysis and GC analysis of
t2ffect of narcotics upon the
cheaical characteristics of polyvinyl-chloride
#(2 contribution to the hygienic evaluastion of PYC
¢ {Hyglenic asszeasment of polyvinyl chloride
chloride ponower {n polyvinyl chloride, food, and
for vinyl chloride nonoser in polyvinyl chloride,
activities and findings of the vinyl chloride task
probleas srppendlir XY, Activities of Task
3,u-dichlorobenzenethiol of reactive metabolites
¢The deteramination of vinyl chloride Ln aerossl
bones of f(Experience vith the use of large-
professionnelle et de constatation nouvelle en
of occyoational origin of recent observation in
ethylenes on the perfused leg vessels of the
blood following chronic exposure to vinyl chloride
hydracarbon gases and their tcrovth of plants
votrkers, ® tPulmonary
polyvinyl chlovide,« #Changes in polmonacy
from chronle polsoning with =ome #{Glucocorticoid
of vprerreatment vith inducers of hepatic mixed
with saturated and ansaturatel hydrocarbon
¢finfrared analysis of
0 {Charaz teristics of
assoclated vwith bulk sea trapsport of ligquefied
uses vinyl chloride to produce anylosarcoma by
PVC. = ¥vapor-phase pyrolysis snd
polyvrinyl chloride, food, tInvestigation of some
patients suffering from chronic polsoning with 0 {
ynsatyrated hydrocarbon gases and thelr ’
liver disease as evidenced by pecitoneoscopy and
organic compounds. Vv, vinyl #Acuta response of
IThe =saller
- 1Exposure to
¢5hort-term inhalation toxicity of
¢blochenical toxicology of unsaturated
*

tInterias results of exposure of rats,

like osteolysis of the terminal phalanges of the
#Band foraige Qateolysen in den Endphalangen des
1Tecrre

Endangering the akin ln the plastics Lndustry.4#Dle
Akroosteolysen bel Arbeitecn t5klerodernlieartige
ffov surgeon’'s probe led to vinyl

hazards associated #vinyl chloride. In: Control of
tHow

of hazardous saterial spills, Consideration of
¢tInformal fact-finding hearing on pessible

{The polyserization of vinyl chloride and 1ts
orgsnochlorine compoands,)* #(Disturbance of human
manyfactave.* fPublic
polyvinyl ¢ (Induserial hygiens and the state of
fAov hazacdous to

¢ (Hyglenlc as=zessaent of vorking condltions and
the eavironmental probleas frppendiz VvII,
plastica.» ]
sanufaceyre and use,» tInformal fact-finding
t3ffect on the
#bi scusalon of paper |

pretreatad vith phenobarbital.w ticute
effacts of pretreatment vith inducers of
polymerization plant,* (]

¢¥inyl chlorlde monomer: Coamsnts on lts

Syndros und Akroosteolysen bel Arbeitern der PYC-
study of blood sacreening tests and {llness
tSarvelillance of vorkers with
of vinyl chloride in the atsomphere (28-

orgatoch lorine cospounds.}*® ¢{Distarbance of
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erposures of humans and rats to vinyl chloride,.»
exposuran to chlorinated hydrocarbons,*

@4Yposares to rats pretreated vith phenobagrbital,«
arposaras to vinyl chloride vapor: Breath analysis
Extreaitaeten. (Mutilating ulcerous neuropathies
extremitatun in polymeriszsatione vrinylohloridi --
estrenitian,)* der untecen Extresitaeten.
facilitias, Preliminary assesswent of the
facilltiax, * toncogenic and mutagenic risks
fact-finding hearing on possible hazards of vinyl
tactory.* iver
facts on vinyl chloride and cancer.®

fasting rats,* $Short-term {nhalation
fate of inhaled vinyl chloride aonomer (YCH) in
fate of inhaled vinyl chloride monouer {n rats.»
rol and the vinyl chloride probles - An overviev *
fenomenuluil Raynaud la mrunclitorii din iniustria

film. )+ ¢ (Characteriatics
finding hearing on poszible hazards of vinyl
flndings of the vinyl chloride task force,® and
findings,.*

fingers.*

flre-retardant materials containing pve.»
tlazion refler of Tat.*

floor coatings.) =

floor tiles for apartaents.)®

flooring for preschool institutions.}*
food sisylants.* of sose GLC procedures for vinyl
food, and foed simylants.* of sowe GLC procedures
force.* and polyvinyl chloride; A report on the
rotce. Prellmlnary assessaent of the enritonmental
formed in vitro froe the carcioogen vinyl chleride,
forsolations and can linings.*

frame photefluorography {n examining skelecral
Pranca. (A =zyndrome of acroosteolysis of

Franoce.) * en Prance, (A syndrome of acroosteolysis
frog,* #The effect of chlorinated
foanex,)~ in adrenaline-like substances in rabbit
fusigated with saturated and unsaturated

function defects {n nonzwoking vinyl chloride
function in vorkers exposed to vinyl chloride and
fusctlon of the adrenals {n patients suffering
fupction oxidase systes.® and blocheaical effects
gasex and thelr derlvatives,* of plants fusigated
gaxes and vapors in expired alr.+

qases released by polyvinyl chloride fila,y*
gases.* wmaterial spills. Consideration of hazards
gastric route.* fprof. Kaltoni
GC analysis of fire-retardant saterials containing
GLC procedures for vinyl chloride wonomer in
Glucocorticold function uf the sdrenals in

Growth of plants fuamigated wvith saturated and
quided liver blopsy among polyvinyl chloride

gulnes pigs to vapors of some nev coamercial
halogepated aliphatic hydrocarbons.*

balogenated hydrocarbons in the indoor environwent.
balogena ted hydrocarbons,. Bffects on fasting rats,”
balogenated monosers.*

Balogenated olefinic hydrocarbonx., Yinyl chlovride.*
basusters, and mice to vinyl chloride,*

hapds,)* den Endphalangen des Handskeletts. (Band-
Randskeletts, (Band-like osteolysis of the

Haute vinyl chloride vapor escapa.*

Hawtgefabrdung in der Kunstatoffindustvie. (
Baatveraoderungen, Raynand-Syndcom und

hazard tindings.*

hazardous material spills, Consideration of
bazardous to health iz vinyl chloride?=

bazards assoclated vith bulk szea transport of
hazards of vinyl chloride manufactucre and use,*
hazards.)* del Cloruro de vinlle y sas riesgos.
health by chemical substances - Toxiclty ot

health isplications of cosponents of plastics
health Iin vorkers engaged in the production of
health {% vinyl chloride?s

health status of vorkers in the production of
Bealth effacts of YC, Preliminary assessaent of
Bealth problaess in the manufacture and use of
heating on possible harards of vinyl chloride

heaart of some inhalation anaesthetica.»

feafoer, R.E., Jr., et al, ibid, pp 135-148)."
hepatic injory by vinyl chloride in rats

hapatic mlzed function oridase systes.*blochenical
Aepatic disease among vorkers at a vinyl chloride
hepatatoxicity and interaction vith 1,1~
herstellendens Indastrie, {Scleroderma-like skin
historles among chemical vorkers inyolved in the
bistory of exposure to visyl chloride.s

hoar integrated sampling).* for the detersipation
husan health by chemical substances - Torlcity of
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in polyvinyl chloride contalners.=

1Effects of singla and repeated exposures of

of plants fumigated vwith saturated and unsaturated
finesthesla IXIXIIY, Chenical coastitution of
effects of acute occupational polsonlag by certain
¢Exposure to halogenated

of persons occupationally dealing with unsatorated
#short-tera fnhalation toxricity of halogqenated
tRalogenated olefinic

#Industrial exposures to chlorinated

4The swaller halogepated aliphatic

(The synthesis of chlordinated

poli=aning vith sose ansaturated and chlorinated

in the production of polyvinyl ¢(Industrial
toccupational acroosteolysls. IT. An Indostrial
dizease-inclidence asony vorkers f{Changes in
polyvinyl resina and measures of # {Sanitary-
apartments,}* # (A contribution to the
for preschool institutions.)»* [X;
health status of vorkers in the production of [N
chloride. = '
branches of chesical industry operatiasg in the "
synthetic leather {ndustry.} " ${
¢Iaproved comsnnication--

#Discussion of paper (Hefner, R.E., Jr., et al,
plastics, = #An analytical system for
epidemiologic study of blood screening tests and
alterations in the so-called vinyl chloride
frankhelt, (The so-called vinyl chloride

called vinyl chloride illness, a nev occupational
Berufskrankhelt), (The so-called vinyl chloride
Aes waladies dues au chlorure de vinyle., (Study of
Contrihutions to the study #Contributii la studiul
per plant.= tprellaiaazy economic
. fpublic health
¢Ccancer and vinyl chlor{de - polyserization
conditions of work and occupational disease-
prolonged exposyre to ¢ ({Changes i{n the rate of
substances (benzene, ¢({Certala biochemical
¢Exposure to halogenated hydrocarbons in the

and biochemjcal effects of pretreataent vith
asupra fenosenulul Raynaud la muncltoril din
t2xperience in

toccupational acrocosteolysis. II. An

tThe

vorkers enqaged in the production of polyvinyl []

vinyl chloride:

in the plastics industry,)fL'acro-osteolyse dans 1°
Akroosteolysen bei{ Arbeitern der PVC-hersztellenden
in U,5. counties vwith plastics and related

of vork conditions in some branches of chemical
#Toxric surprises from the plastics

observations on vorkers Lln the plaatics

of working conditions in the synthetlc leather
(=ndangering the skin in the plastics

in the employees of the polyvrinyl chloride

in vorkers in the polyvinyl chloride

plastiques. (Acroosteolysis Ln the plastics

of vioyl chloride manufacture and use,* ]
chloride ., » fproperties and eszential

#vinyl chlorids analysis by
L

alr.*
#7inyl chloride as an

t2ffect on the heart of som

Effects on fasting rats,.* ishort-teca
fRorphologic and blochesical effects of ddcute
laboratory anieals.« ticute
comsunication--Hyglenic standards for daily
sonhorer in phenobacrbital or Aroclor 1253~ [}
trrelininary stulies of the fate of

tPreliainary studies of the fate of

ftPersistence of vinyl chloride-indiced liver
chenobarbital,» fAcute hepatic
endoplasaic reticulum in thcute liver
for protective zeasuces agalnst chronlc chemical
¢Di ffusion of somwe organic and

of polyvinyl chlaride flooring for preschool

of vinyl chloride {n the atsosphere (24-hour
sonomet: Comments oo {ts hepatotoxicity and
chloride in vaste vater effluaents fappendix IV.
mice to vinyl chloride, s 1
oder deren Pejleitstoffe, (Polsoning by weans #Zur
fhcute liver injury by vianyl chloride:

tPolrvinyl chloride banned in

asong polyvinyl chloride production vorkers §n
¢di=cussion of paper (Hefaner, R.E.,
of the liver awong polyvinyl chloride vorkers--

the liver and bile ducts in vorkars prodocing sose
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Buman drugs contalning vinyl chleride or packaged
humans and rats to vinyl chloride,=*

hydrocarbon qases and thelr decivatives.* #Groveh
bydrocarbons and cardlac autosaticity.*
bydrocarbons and thelr doerivatives.}*
bydrocarbona in the indoor environment,*
hydrocarbona of the ethylene serjes (olefins) and
bydrocarbons. Bffects on fastiog rats.*
hydrocarbons. Yinyl chloridae.=

hrdrocarboas.*

hydrocarbons.*

hydrocarbons.} * desx Chlorkohlenvassarstoffs.
hydrocarbona.)* {n patients auffering froe chronic
hygiene and the state of health In vorkers engaged
hyglene study.=

bygieaic conditions of vork and occupatiosal
hyglenjc conditions of vork in the production of
byglanlc evaluation of PYC floor tiles for

fiygieaic assessmont of polyvinyl chloride flooring
Ayglenic assesszent of vorklng conditions and
Byglenic conditions in the production of vinyl
fygienic avaluation of vork conditions in somwe
Byglenic evaluation of vorkiog conditions im the
Aygienic standards for dafly inhalation.»

{bid. pp 135-1u8).*

identifying the volatlle pyrolysis products of
{l1loesa histories asmong chewical vorkers {avolved
illoess.}* ' finylchlorid-Krankhelt (Skeletal
flloass.)* $0¢ber die sogenannte Yinylchlorid-
illness.)* (eine neue Berufskrankhait), (The so-
illness, a nev occupational illness.}* (eine neue
illnesses due to vinyl chloride.}* fEtude
isbolaavirilor produse de clorura de vinil. {
{mpact stody says ¥C aonitoring to cost $100,000
faplications of cosponents of plastics manufacturae.
{wplications, problews and neads.*

incidence awong wvorkars engaqed in the production
faculcation of conditioned reflexes in rats on
{adexes of the blood in wvorkers exposed to toxic
indoor environsent.®

indogcers of hepatic aixed function oxidase systea.w
iodustrla policlorurii de vioil. (Cliniceo-
isdustrial exposure control.=

industrial hygiene study.*

industrial toxicology of vinyl chloride. A reviev,*
Indostrial erposures to chlorinated hydrocarbons.*
Industrial hyglene and the state of health in
Indastrial preparation of polyvinyl chloride.*
Isdustrial toxicologic aspects.=

indgstrie des satieres plastiques. (Acroosteolysis
Industrie, (Scleroderaa-like =kin alterations,
industries.* fCancer aortality
indostry operating in the open alr.)* evaluation
induystry.*
fndustry.*

tera side

IRheographic
indostry.}* ¥(Hyglenic evaluation
industry.) * in der Kunststoffindustrie,
indgstry.} * considerations on Raynaud's phenosenon
industry.)* Raynaud's syndrowe, and acroosteolysis
industry,) "osteolyse dans l'industrie des aatieres
Inforeal fact-finding hearing on possible hazards
inforeation for safe handling and use of vinryl
iofrared spectroscopic sethods.*

Infrared analysis of gases and vapors in expired
ingredient of drug and cosmetic aerosol products.*
inkalation anaesthetics.+

inbalation toxicity of halogenated hydrocacbons.
inhalation toxicity of vinyl chloride msonowmer:
ichalation toxicity of vinyl chlorlde to
iohalation,* tIsprovad
Inhalation toriciey studies of vinyl echloride
inhaled vinyl chlioride wonomer (VCH} in rats.=
{nhaled vinyl chloride sonomer in rats.*

injory after cessation of exposure.*

fnjacy by vinyl chloride 1n rats pretreated vith
fajary by vinyl chloride: Involveaent of

injury.= tReed for research
inorganlc compounds in air.*

ipsti{tations,)* f{dygienic assessaent
integrated sampling) .*aethod for the determination
{nteraction vith 1,1-dichlorocethylena.* chloride
Intaercis sethod for sawpling and analysis of vinyl
Interia results of exposure of rats, hamsters, and
Intorikation durch vinylchlorid-pPolymerisata und/
lavolvasent of endoplasmeic reticulum in

Japan.*

Japagp.*

Jr., et al, ibid., pp 135-1u8),*
Kentucky* totes and reports: Anglosarconma
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called vinyl chloride ¢feber die sog. Vinylchlorid-
bei der sogenanaten Yinylchlorid-
4Ueber dle aocganannte Yinylchlorid-
The so-called vinyl ¢pie sogenannte Vinrlchlorid-
plastics industry.)=* t0ie Hautgefahrdung in der
clinico-patoqenice asupra faenomeanului Raynavyd
vinil, (Contribgtions to the study of ¢Contributil
rieagos. (The polyserization of vinyl chloride (]
¢\ procvedure for preparing 14c-
vinyl ehloride recalled by sanufacturers,*
#acute Inhalation toxlcity of vinyl chlaride to
chloride as detersined by repeatod exposure of
#rron mouse to @in =- of hov to geut from the
. t35afety {n the chesical
engaged {n the productlon of polyvinrl chloride
evaluation of vorking conditions {n the synthetic
(Chronic-toxicity liver damage #Chronisch-toxische
¥Rov surgeon's probe
effect of chlorinated ethylenas on the perfused

vorkers in Japan.® ¢Bone
$Cataneous
producing some kinds of plastics.)» [

sPolyvrinyl chloride:

#vinyl chloride: Tlwe boab on the production

of vinyl chloride in aerosol formulations snd can
of hasards associated vith bulk =ea transport of
notes and reports: Anqiosarcosa of the
ICharacteris*ics of cases of anglosarcoma of the
woTkers, + dpathology of anglosarcoma of the
kinds of plastics,)= #(Lasions in the
chloride.* $Alterations of
disease a5 evidenced by peritoneoscopy and guided
votkers, A raport on 91 cases.* tiotphology of
Arbeltern in der PVC-Produktion. {(Chronic-toxicity
guided liver biopsy awong ¢0nusual splenosegalic
fhnglosatcona of the

4tvo possible cases of anglosarcoma of the
tingiosarcoma of the

tanjlosarcoma of

- fanglosarcoma of the
tPersistence of vinyl ehloride-{nduced

endoplaswic reticulum {n phenobarbital - tAcute
¢¥inyl chloride and

t¥ationvide sutveillance of angiosatcosa of the
producing factory.= $
vorrers, A systematic detection program.* ]
vorkers, « (]
foncogenicity of vinyl chloride at
[]

t0ncogenic response of rat skin,
t5afety in the chemical laboratory
i1lnesses due to vinyl chloride.)=~ 12tude des
anglosarcosa by gastrlis route,.= fProf.
of volatile organic gompounds and thair action on
Avenue and S9th Street.= drrom mouse to

in packaging.¥

and polyvinyl chloride,» iClinical
tD{scuxsion paper (Control and

diseasa. v #Clinical
iICiintical

tHoalth probleas in the

hearing on poxsible hazacds of vinyl chloride
fAngiosarcoma of liver {n the

histories asong chemical vorxers involved in the
trortality study of vorkers in the

iProcess for the

health jmplications of cosponents of plasties

of products containing viayl chloride recalled by
exposure to vinyl chloride, (rxcerpts from a

from vinyl chloride production: A nev source of
#7inyl chloridle., In: Control of hazardous

chloride facilitles. tAhppendix III. The
phase pyrolysis and GZ analysis of fire-retardant
plaztica #L'acro-osteolyse dans 1'industrie des
chloride vapor in concentrations apptoaching the

- #The correlation of clinical ard anvirenmental
- [
tpeed for research f£ar protective

ase of vinyl chleride #(Vorking conditions and
of wvork in the production of polyvinyl resins and
- #0n the possible
vinyl chloride, (Zrxcetpts from u Sarch 1%, 1974,
chloride, = thcro-osteolysis occurring in
¢The mytagenicity of visyl chloride after

Trapplng with 3,8-dichlorobenzenethiol of reactive
. #vinyl chloride and

Interls resalts of erposarte of Tats, hamsters, and
¢tPesales of a vinyl chloride«teratology study in
abhgnt *7471= t7e produced over 13
effects of pretreatment vith inducers of hepatic
chronlc effect of 4 (Obtaining an experimental
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Krankhelt {eine neue Boerufskrankhelt), (The =o-
Kraokhelt (skeleta)l alterations {n the so-called
Krackheit. (The so-called vinyl chloride {llpess.)+*
Krankhelt--elne berufsbedingte Systeasklecrose? (
Kunstastoffindentrie. (Endangering thae skin in the
la wuncitor!l din industria policlorurii de vinll,
la =tudiul febolnavirilor produse de clorura da

La polimserizaclon del Cloruro de Viallo y =sus
labeled vinyl chloride.=

¢ Labels and code numbers of products containing

laboratory anlmalx.*

laboratory animals.* fThe toxlcity of vinyl
laboratory to Park Avenue and S9th Street.*
labaratory LXI. Conttol of peroridizable compounds,
latex).*hyglene and the satate of healtdh lo vorkers
lesther industry.) ™ ¢ (Hyglanic
Leberschaeden bal Arbeitern in der PYC-Produktion.
lod to rvinyl hazard findings.s

leg veszsels of the frog,* 4The
losions asong polyvinyl chloride production
lesions in acroosteolysis.»

Leslons in the liver and blle ducts in vorkers
Tetter to the Editor.»

line, »

lininga.* iThe dotersinarion
liguefled gasex,* material spillis, Consideration
liver asong polyvinyl chlotide workets--Xentucky®
liver among vinyl chloride vorkers in the Unlted
liver amsonqg vinyl chloride-polyvinyl chloride
liver and bile ducts in vorkers producing some
liver and spleen among vorkets erposed to vinyl
liver biopsy among polyvinyl chloride production
liver dasage among polyvinyl chloride production
liver dasage In vorkers in polyvinyl chloride
llver disease az evidenced by peritoneoscopy and
liver folloving vinyl chleride exposure.*

liver in a group of Svedish vinyl chloride-

liver in a vinyl-chloride vorker.+

liver in the sanufacture of polyrvinyl chloride,»
liver in vinyl chloride/polyvinyl chloride vorkers.
liver infury after cessation of exrposure.*

liver injury by vinyl chloride: Iavolvesent of
liver tuwors.*

liver.*

Liver anglosarcoea in tvo workers in a pvC-

Liver dawage and anglosarcoma in vinyl chloride
Liver discase awong polyvinyl chloride production
lov concentrations in rats and rabbies.*

Low molecular velght coaponents of polymers used
lungs, and hones to ¥inyl chloride.=

LII. Control of peroridizable compounds.®

saladjies dues au chloture de vinyle. (Study of
Baltonl uses vinyl chloride to produce

maswaln,.}* ¢ (Thermodynauic asctlvity
aan -~ or hov to get from the laboratory to Partk
sapagemest of vorkers exposed to vinyl chloride
sanagemqot) *

sanifestations and course of vinyl chloride
magifestations in vinyl chloride polisoning.*
sapufacture and use of plastics.»

manafacture and use.* ¢Informal fact-flnding
ranafactore of polyriayl chlocida.,*

mansfactore of polyrinyl chlotidae.* and {llnesas
sanufactaore of vinyl chloride and ita polywers.®
sanafactare of vinyl chloride.*
sanufactyre.*

manofactorers,* ¢tLabels and code nusbers
March 11, 1974, wmemorandum.)® for occupational
marise pollution.* ¢Chlorinated by-products
saterial spills. Considevation of hazards
satarials balance at vinyl chlorids and polyvinyl

fPublic

naterials contalning PVC,* tYapor-~
watieres plastiques. (Acroosteolysis ia the
saxrimas parsissible concentration,)* to vinyl

seasurenents for vorkers exposed to vinyl chloride,
neasurements of vinyl chloride fros aerosol =prays.
naagares agalnst chronlc chemlcal (njury.+

weasures for thelr {aprovement in production and
searmares of lmprovesont,)* byglenic conditions
nachaniae of carc¢inogenic action of vinyl chleride,
avnorandas.) *standard for occupational exposure to
wan engaged in the polyserization of vinyl
motsbolic activation,*

natabolites formed in vitro fros the cacrcinogen
nethylene chloride.v

sice to vinyl chloride.* ]
aice, rats, and rabbits.*

sillion tons of resic in *'737 where is 1t? Rov
aixed function oridase systewm.* and biochenical
nodel of tha toxic angloneurosi{s arisfog under the
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¢ (Probleas of toxicology in the chemistry of high-
$¥inyl chloride at
packaging.,= 1lov
tPrellninary ezonoeic {apact study says vC
Breath analyais and contlnuoas air sampling.= ¢
#¥%rperinental acute toxicity of viny)l chloride (
chronic pol=moning vith vinyl chloride ¢
+

stydies of the fate of inhaled vinyl chloride
1The vinyl chloride
sInhalation toxicity studles of vioyl chlocide
fn Polyvinylehlovid., (Diffuslion of vioyl chloride
of some CLC pcocedures for viayl chloride
studles of the fate of inhaled vinyl chloride
4vinyl chloride
tConbustion products fros vinyl chloride
Lnteracrion with 1, 4- 4740yl chloride
fhcute inhalation tozliclty of vinyl chloride
biffysion of vinyl chlaride #Zur Diffusion von
tfiocheaical toxicology of unsaturated halogenated
fspectram: Nevs of the
inhalation toxicity of vinyl chloride wonomer:
¢hloride production vorkers, A report on 51 cases.t
¢eroportional
iProportional
¢Proportional
related industcies.s $Cancer
polyvinyl chloride vorkers.»
vinyl chloride and its polyaaers.*
to Park Avenue and 59th Streat.=* trcoe
circulatory systess. T, Cardiac archythmia in the
clinico-patogenice esupra fenomenului Raynaud la
chloride production facilities.* 4oncogenic and
activation.* 1 The
Neuropathlen der unteren Extrem{taeten, (
finesthesia XIVIT,
teffect ot

liver.»
arou-ents tor opening of discussion on "

tyeber die m0g. Vinylchlorid-Krankheit (eine
Hytilating ulcerous ¢Ulceramutilierende
der unteren Extrealtacten, {Autilating ulcerous
#vinyl chloride

¢¥inyl chloride

fSpectrum:
erposdre to vinyl chloride. (Excerpts fros a ]
tPulmonaty funcrion defects in

polyvinyl chloride vorkers--Kentuckytzpidesiologic
tvinyl chloride news

#7inyl chloride nevs

d'origine professlonnelle et de constatation
recalled by amsnufacturers.s fLabels and code
(The so-called vinyl chloride sickness - an
iClinical studies in
tA case of

A new

in polyserisatione vinylchloeridl -- nev

#(Changes in hyglenic conditions of vork and

froa a Xarch 11, ¢NINSH Recosaended Standard for
(The so-called vinyl chloride illness, a newv
an frcance. (A svndrose of acroosteolysis of
1'origine professionnalla, (kcroosteolysis of
their t({long-term side effacts of acute
ticroy-osteolysis,

vinyl chlorile,=

ztudy.®
bygiene study.=

[
[
[}
1]
[
tprofesionalna akroosteollza. (
]
)
[]
#rcropathic polyvinylique professionelle. {
¢

in examining skeletal bonaes of persons
Iotoxikation durch vinylchlorid-polyserisate und/
tvinyl chloride monower

itHalogenated
unsatutared hydrocarbons of the ethylene seties (

polyvinyl chloride production facilities.*

to vinyl chlocidae.» [}
concentrations in rats and rabblts,+ ]

branches of chesical industry operating in the

tConnentx for

conditlons in sowe branchas of chemical indastry

toiffusion of sowme

#(Thersodynamic activity of volatile

of guinea pigs to vapors of some nav cosmercial

against vinyl chloride,* ¢in avaluation of
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molecular compounds,)*
solecolar level.*
mglecular velght cowponents of polysars used in
mooitorisg to cost $100,000 per plant,®
fonltorleg exposures to vlayl chlocride vapor:
sooochloroethens) . v
nopochloroethena) . *
Monochloroethylena (Vinyl chlogide) ,»
apopomer (YCA) in rats,™

wonoset and PYC problem.w

asonomer in phenobarbital or Arocler 1254~

wonoser in polyviayl chloride.)« Viaylehlorid
monomer in polyvinyl chloride, food, and food
mgpomer in rats.* Prelininary
monomex cdor congentration,*

moposer.*

monomer: Comments on lts hepatotoxicity and
sopomer: Morphologie and blochemical effects of
monomeres Yinylchlorid Lo Polyvinylchlerid. (
HOnORSCS.*

nonth.*

Morphologic and blochemical effects of

Morphology of liver dasage among polyvinyl
mortality asong vinyl chloride vorkers,®

mortality asong vinyl-chloride vorkers.=

mortality asong vinyl-chloride votkers.*

mortality in U,5, counties vith plastics and
Aortality experience of a cohort of winyl chloride-
Mortality study of vorkears in the sanufacture of
mouse to man -~ or hov to get fros the laboratory
woase.* aerosol propellants on the respiratory and
soncitoril din ln2ustria polleloturil de vintil. (
sotagenic rizks in communities vith polyvinyl
mutagecicity of vinyl chlogide after zatabolic
Autilating ulcerous neuropathies of the lover
Farcosis vith vinyl chlorcide.*

narcotics upon the flexion reflexr of cat.=
¥ationwide surveillance of angiosarcoma of the
Feoplastic rffects~_ *

neua Becufskrankhelt), (The so-called vinyl
Peuropathien der unteren Extresmitaeten. {
neuropathies of the lover extreaities.)®

hevs notes*

nevs notes®

Revs of the month,*

KI0SE Recoanmended Standacd for occupational
sonsmoking vinyl chloride vorkers.*

notes and reports: Aagiosarcosa of the liver among
notes®

wotes®

nouvelle en France. (A syndrowe of acroosteolysis
nuebers cf products containing vinyl chloride
occupation-related systesic sclerosis?)*
occupational acroosteolysis--a nev disease.*
occupational acroosteolysis, presumably caused by
occupational disease is born.*

occupational disease,* $Acropathia extremitatun
occypational disease-incidence asong vorkers
occypational exposure to vinyl chloride. (Excerpts
occupational illness.)* (elne neue Serufskrankhelt)
occupaticonal origin of recent observation in
occupational origin,) ™ tAcro-osteolyse
occupational poisoning by certain hydcocarbons and
occupational.®

Occupaticnal acroosteolysis. I. An epldesiological
Occupational acroosteolysis, II. An industrial
oceypational acroosteolysis. IIT, Clinical study.=
Occupational acroosteolys=is, »*

Occupational acroosteolysis.+

Occupational acroosteolysis.)®

Occupational carcinogenesis.»

Occuypational carcinogenesis,.»

Occupational dersatitis froa plastics.w
Occupational polyvinyl acroosteolysis. )+
occupational vinyl chloride poisoning,®
occupationally dealing vith unsaturated

odar deren Begleitstoffe. (Polsonlng by means of
odor concentration,*

olefinic hydrocarbons. Vinyl chlerida,*

olefins) and their chlocine derivatives (vinyl

¢t opcogenic and wotagenic risks in communities with
Oncogenic response of rat akin, lungs, and bones
Oncogenicity of vinyl chloride at lov

open alr.)* evaluation of vork conditions in soms
opeting of discussion on “Meoplastic Effectsn.#
opetating in the open air,)« evaluation of vork
orgenic and inorganic cospounds le airv.*

organic compounds and theif action on mammals.)*
orgamic coapounds, V. Vinyl chloride.» Casponse
organie vapor resapirator cartridges and canlsters

#Experinental

¢Prelininary
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the chronlc effect of vinyl chloeride vapor on the
huaan health by cheaical substances - Toxicity of
(A syndrose of acroosteolysis of occupational
profesaionnelle., (Acroosteolysis of occupatlional
nouvelle en #0n syndrosa d'acro-osteclyse d°
occupational origin.)* dAcro-osteolyse d¢
constatation nouvelle en ¢0an syndrome d'acro-
Acroosteolysis of occupational origln.)* ticrao-
plastiques. (Aercosteolysis in the tLtacro-
Band-1ike osteolysis of the terninal #Bandforwige
ficro-
folymerization of vinyl chloride, = frcro-
in den Endphalangen des Aandskeletts, (Band-like
tAcro~

4rbr and the vinyl chloride problew - iIn

vith inducers of hepatic sirzed function

$Husan drugs contalning viayl chlorlde or

molecylar veight components of polyaars used la

#Discuasion

. sbiscussion of

401 scussion

ta nan -- ar hov to get from the laboratory to
ters exposure to viayl chlorlde,)» L}
din industria policlorurii de vinil. (Clinlco-
eyposute to rabbits.)= LN
chloride-polyvinyl chloride vorkers.® ¢
L]

soue 0 (Glococorticoid funection of the adrenals in
characteristics of electrocardiographic changes in
suncitor it din industria tConsidezatil clinico-
impact study says vC smonitoring to cost $100,000
¢The effect of chlorinated ethylenes on the
splenomeqgalic liver dilsease az evidenced by
vapor in concentrations approaching the naximum
ssafery in the chemical laboratory LXI. Control of
assessnent of the environsental $ippendix VI.
after cessatlon of exposure.® .
phototlyorography in examining skelatal bones of
4VC K, Tha processors’
(fand«like osteolysis of the teralnal
rats by different routes.=* t0ptake and
saterfals containing PYC.e* ¢Vapor-
toxiclty studies of vinyl chloride wonomer in
vinyl chlor{de exposures tc rats pratreated vith
injury by vinyl chloride in cats pretreated with
chloride: Involvesent of endoplasaic reticulum in
(Clinico-~Pathogenic considerations on Raynaud's

persons #(trperience vith the use of large-frame
T he
cospounds. ¥, Yinyl ticute response of guinea

bloassays of vinyl chloride, I. Research
of aablenty carclnogens. in fthe potantlal of the
among vorkers at a vinyl chloride polyserization
study says vC aonitoring to cost $100,000 per
bydrocarbon gases and thelr derivatives.iGrovth of
¢$Cancer mortality in 0.5%5. countles with
sRheographic observations on vorkers in the
tToslc sucrprises froa the
Kunststoffindustrie. (EZndanger{ng tha skin in the
des matieres plastiques, (Acroosteolysis in the
#Pyblic health implications of components of
#ealth probless in the manufacture and use of
¢0occupational deraatitis from
for {dentifying the volatile pyrolysis products of
and bile ducts in vorkers producing some kinds of
in production and use of vinyl chloride
R ]
tLtacro-osteolyse dans 1'{ndustrie des matieres
d(Long-ters side effects of acute occupational
ficcidental
of the adrenals in patlients suffering fros chronlc
trxperimantal chronic
s0ccupationa) vinyl chloride
¢clinlcal sanifestations in vinyl chloride
changes in patieants vith vinyl chloride
of thersoregulation in chronlc vinyl chloride
Polyserisate und/oder deren Bejleitstoffe., (
fenomensluil Faynaud la suncitorii din industria
riesgos., (The polyserization of vinyl chloride #la
yinyl chloride production: A nev source of aarine
Poisoning by #Zur Intorxlxstion durch vinylchlorld-
disease, » #hcropathia extcenlitatus in
¢Cancer and vinyl chloride -
del Cloturo de ¥vinllo y sas rlesgos. (The
ticro-osteolysls occurring in aen engaged in the
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