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HEALTH EFFECTS OF VINYL C'{LORIDE

Carlo H. Tamburro, M.D.

Univers#ity of Louisville, School of Medicine, Digestive Diseases and
Nutrition Section, 511 South Floyd Street, Room 535, MDR Building,
Louisville, Kentucky 40201

INTRODUCTION

Vinvl Chloride-Associsted Injurvy in Man

Vinyl chleride (CH, = CH=C1l monochloroethylenc, a gas) has been the basic
i molecule or monomeg of polyvinyl chloride and its co-polymers and has
. been one of the most important organic intermedistes in the plastics in-
A [ dustry for over a quarter of a century. During this time, evidence for
Ly both chemical toxicity and carcinogenicity has been accumulated in man
o and in animals. Reports from across the world have indicated the pre-
A sence of thrombocytopenias, reticulocytosis, and leukopenia among the
hematological disorders. Scleroderma type skin lesions, acro-osteolysis
of the distal phalanges, and Raynaud's phenomenon have been wall de~
scribed. Abnormalities in pulmonary functional capability and cardiac
arrythmias associated with its use as an anesthetic have also beennoted.
The mest widely knnwndisorders include hepatic fibrosis, peliosis
hepatis, hepatomegaly, splenomegaly, portal hypertension, and hepatic
w angiosarcoma (1). Thers is at present some epidemiological and histo-
logical data that large clear cell carcinoma of the lung and neuro-
blastoma of the brain are also associated with exposure to vinyl chlo-
ride.

Vinyl Chloride-Associated Injury in Animals

Many of these lesions have also been describad and showm to develop ia
animals exposed to vinyl chloride. In addition to the liver anglosar-
L comas and the brain neurcblastomss, viny: chloride-exposed rats and
wice have showm Zymbal gland (sweat gland) carcinomas, mephroblastomss,
Vi subcutaneous angiomas, skin carcinomas, =nd a ariety of adenomas of the

i breast, pituitary glands, and other assorted arcomas of the ovary, pule
monary, and uterus.

A simple summary of cancers by site in vinyl chloride workers in our
cohort who had worked more than one year i< shown in Table I,

]
i
) ‘ This resecarch is supported by Contrace No, NO1-CN=55212 from the
i Natlonal Cancer Institute, Cancer Control Branch,
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UPDATE OF NEW MEDICAL FINDINGS 2 LATED TO VINYL CHLORIDE

A, Histological Sequences of Injury:

the hepatic lesions in the humans and in animals related to prolonged
exposure to vinyl chloride have been fairly well characterized. One of
the earliest findings is "activaction" or morphological changes in the
sinusoidal lining cells without evidence of hepatocellular toxicicy.
These morphological changes in the sinusoidal lining cells are not
usually associated with an inflammatory process or evidences of localized
necrosis. The more advanced lesions are assoclated with an increase in
subcapgular fibrosis with subcapsular bile duct proliferation, which
tauses the liver surface to appear "pitted” with small white scars when
vieved at laparotomy or by peritonecscopy. These lesions are associated
vith increased portal fibrosis of varying degree most often rounded in
shape on the cut surface and only rarely showing short stellate radia-
tion into the parenchyma. The lobular architecture, in general, is pre-
served, with the central vein areas being deveid of excessive collagen
deposition, as fllustrated in Figure 1. The sinuscidal lining cells
tend to be helmetr shaped, have triangular nuclei and appear to be assc-
clated with increased deposition of collagen in adjacent sinusoidal
spaces., In addition, there is a focal sinuscidal dilatatien within the
labular architecture often associated with bi-nuclear hepatocytes, Sup~
testing active regeneration of the hepatocytes. More recently, Dr. Hans
Popper has described focal areas of hepatocytic hyperplasia conslsting
¢f two or three cell thick plates, not associated with lobular fibrosis
and regeneration as seen in alcocholic and viral injuries. With pregroes-
sive expogsure to vinyl chloride, there appears to develop increasing
stypia of the sinusoidal lining cells, progressive worsening of the

focal sinusoidal dilatation (Figure 2), and ultimately, the malignant
transformation of the sinusoidal lining cells (Fipure 3). At present,

it 1s not clear which of the sinusoidal lining cclls (macrophage/Kupffer
cell, fibroblast/Ito cell, or the sinusoidal endothelial lining cell) is
the malignant stem cell which develops angiosarcomn. Most present data
strongly suppests that it is the endothelial lining ecll which ultimately
tecomes malignant and forms the anglosarcoma. Further studies will be
needed to verify this thesis.

b, Biochemical Detection:

tochemical detection of these lesions has until recently, been mainly
‘y traditional biochemical hepatocellular studies, These have included
the alanine and aspartic aminotransferases (SCPT-$GOT), gamma glutamyl
transpeptidase (GCTP), alkaline phosphatase, bilirubin (both direct and
indirect), and other enzymatie studies, such as sorbital dehydropenase
id isoeitric dehydrogenase. As illustrated in Ifgure 4, our prelimirary
cnluac}on indicated that the ability of thesc tracitiomal biochemicu}
1*at$ to predict the presenze of underlying histolegival hepatocellular
fwmage 1s at hest 80-85%7 accurate —— the most effective of which is the
aianine. aminotransferase (SCPT). The gamma rlutomy) cranspeptidise is
tsually as effective but has a 6-8% false positivity:; that is, abnor-
milities of the GGTP levels persist without histological or functional
¢/dence of hepatocellular injury. Although clevations in alkaline
thophatase most often refleeted the more serious abnormality, (o almost
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- one quarter of the individu~ls, 1ic was found to be normal in the prasenct vorkers is sti
- of hepatocellular injury. :

£ Radioigote

The ability o
lesions, basc.
ings that, of

dye similar in its physiological capabilities to Bromsulphalein (BSP),
has increased our ability to identify mild and latent underlying chenical

)
More ‘recently, the introduction of indocyanine green (ICG), an anionic !
hepatocellular injury. Indocyanine green can be given in various dose H

levels for purposes of determining hepatic clearance. At the low dose, - radioisotopics

0.5 mg/kg, its predictability is equal to that of the aminotransferases, ' 0otmal cases,
By increasing the clearance dose to levels of 2.5 and/or 5.0 mg/kg, one - revealed the u
can increase the ability to identify underlying hepatocellular injury te that in the 5

the 98-997 range. A definitive biostatistical evaluation of both the . in only 32 ca-

. specificity and sensitivity of indocyanine green, in comparison to the (16/19) and a
- traditional biochemical studies, is now underway. ' rate (32/957)
K ! scquent years
a . Figure 5 illuscrates the correlation found during preliminary studies initial baseli

scan, either

between liver histology and dye clearance among vinyl chloride workers
of identifyin

with increasing degrees of total vinyi’chloride exposure. This is ,
further supported by the frequencv of abnormal dye clearances at bhoth ponftivity. t

the low 0.5 mg/kg and the high 5.0 mg/kg clearance dose among vinyl value and eif:
chloride exposed workers (2). Although these tests are very sensitive scan as a scr

to identifying underlying disease, they have very peor specificity in ;

identifying the causal agent and, because of this, are suited as screen- @ F- Assoclate !
ing tools rather than diagnostic ones.
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An enlargement
{greater than
laparotomy in
anglosarcoma

lesion. As i:

€. Various Tumor Types:

; Hepatic angiosarcoma, altheugh appearing to be of a single cell origin,
P i may be of mulriple cell origins. Morphologically it occurs in a cellu-

J e

lar, cavernous, and solid form. The cavernous and the solid tumor forms and wedged he:
) are most effectively detected by radioisctopic liver scans. Inaddition, , %ome dispariti

* diagnostic angiographic characteristics differentiate angiosarcoma fron ' Ne¢ no eviden j

i primary hepatocellular carcinomas, adenomas, cavernous hemangiomas, . hepacic veln - |

) focal nodular hyperplasia, and macrenodular regeneration of cirrhosis. ; eireular lesi '

: Whielan et al., have described the characteristic angiography and radio- . *tAining chars |
nuclide changes that are characteristic of hepatic angiosarcoma (3). ¢ artery to por:
The tumors exhibit central hypovascularity with puddling and are The use of 99~
oo surrounded by a peripheral stain which persists late into the venous gives further
- phase of the angiographic study. Radioisotopically this form of a tumor emight play a ‘
’ presents with a negative peripheral defect which, on occasion, may be the individua
missed on the anterior view of a scan but is seen on the lateral or © take of 99mTc
. posterior view. As demonstrated by Whelan et al., healing hepatic in- This may be d&
, farcts secondary to wedged hepatic venography cancreate a false positive number of act.
lesion on anglography similar to that seen in anglosarcomas. further delin
D. UNon-Tumor Vasewlar Lesions: . Lung Vinu

A second lesion often seen in the non-tumor~us portions of the liver s Tue medicil

that of peliosis hepatis; it has been extensively described by I'liskin ueusual Tung
(4). These leslons tend to be numerous, involving the entire liver apd abnormelity -
have a diffuse stain thtroughout the nodulus. The stain does persist vbich, on his:
into the late venous phase and may not be asscciated with any radioise- wd fibrosis.
topic abnermalltics of the liver scan. Whalher these findings represent @ rk force mo

a pre-carcinogenic or pre-angiosarcomitous lesion in vinyl chloride pellugants, |




~4 to b8 normal in the presence

“ine green (ICG), an anionic
e9 to Bromsulphalein (BSP),
1md latent underlying chemical
v be given in various dose
learance, At the low dose,
nat of the aminotransferases.
»f 2.5 and/or 5.0 mg/kg, one
{ng hepatocellular injury to
1l evaluation of both the
:reen, in comparison to the
rway.

luring preliminary studies

~ong vinyl chloride workets
{de exposure. This 1is

-1} dve clearances at both
1rance dose among vinyl

e tests are verv sensitive
verw. poor specificity in
this, are suited as screen-

e of a single cell origin,
"ally it occurs in a cellu-
18 and the solid cumor forres
‘c liver scans, Inaddition,
‘rentiate anglosarcoma {rom
cavernous hemangiomas,
wyenefdtion of cirrhosis,
tie angiography and radlo-
natic angiosarcoma (3).
*h puddling and are
-ts late into the venous
ically this form of a tumr
ich, on occasion, may be
seen on the lateral or
- al., healing hepatic in-
cancreate a false positive
angiosarcomas.,

~oretlens of the liver s
v described by i'tiskln
“vina the entire liver and
Tre stain does persist
ciated with anv radioiso-

r these findings represent
ten in vinvl chleride

B I e o i T e i T PR SR — s Sy

I L

- »

-

-

Bealth Bffects of Vinyl Chloride/Tamburro " 129

workers i{a still under study.

I, Radioisotopic Detection:

The ability of 99mTc sulfur colleid liver scan to detect anatomical
{esions, based on the best medical diagnosis, is supported by the find-
ings that, of the 19 cases with anatowical lesions, only three were
fadioisotopically reported as normal. In one of the three reported
wrmal cases, subsequent radioisotopic scans done three months later
fevealed the underlying abnormalities. What is equally iwportant is
that in the 957 "normal" individuals, the scan was reported as abnormal
{n only 32 cases. Thess data, therefore, illustrate an 84X sensitivicy
(16/19) and & 972 specificity (925/976), with only a 3X false positive
tate (32/957). This false positiva rate was markedly reduced in sub-
frquent years when repeated radioisotopic scans could be compared to
fnitial baseline ones. It is our present opinion that the radioisotepic
scan, either camera or rectolinear, reprosents the sost effective means
of {dentifying early snatomical lesions with the least degree of false
pesitivicy, thus preventing unnecessary diagnestfc cvaluation. The
nlue and effectiveness of ultrasound versus' the radiological isotopic
Kan as & screening procedure is under study.

I. Associated Spleen Disorders:

A enlargement of the spleen, as deterained by radioisotopic scans
(greater than 14 cm in longitudinal length) and verified by autopsy or
laparotomy in 12 cases, has been seen in 60X of the individuals with
sngiosarcoma and 40% of those individuals with the peliosis hepatis
lesion. As illustrated in Figure 6 the correlation between spleen size
s vedged hepatic vein pressure among vinyl chloride workers illustrated
sooe disparities. At least 10-12I of those individuals with splenomegaly
Md no evidence of an elevated portal pressure ag reflected by wedged
bepatic vein pressure. In addition, angiogrophic studies demonstrated
tircular lesions in the spleen (lienel peliosis) which had persistent
stalning characteristics and were associated with a shortened celiac
sttery to pertal vein circulation time and increased splecn scan size.
The use of 99mTc sulfur colloid clearance by both the liver and apleen
tives further suggestive evidence that spleen macrophage cell activity
uight play a role in the splenomegaly and/or the vascular findings. In
the {individuals vith lienal peliosis, there is a steep rise in the up~
take of 99mTe¢ sulfur colloid by the spleen after initial recirculaction.
This may be due to either increased blood flow and/or increased total
wxber of activated macrophagic cells. Studies are now under vay to
further delineate these lesions.

6. Lung Findings:

T¢ medical surveillance program has also {llustrated the presence of an
unusual lung finding among this cohort of vinyl chloride workers. The
sbrormality is characterized by a midzonal lateral pleural thickening,
vhich, on histolcgical examination, thus far has simply illustrated fat
asd fibrosis. The importance of this finding in approximately 4% of the

wrk force may be non-occupational but regional, i.e., other epvironmencal
pollutants, infections, ete. These lesions do not appear to be
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associated with any pulmonary frnctional disorders; and their signifi-

cance and relationship to smokirg, tuberculosis,. asbestosis, fungal in-
fection or possible geographic nen=-occupationnl unvironmental pollutants
are under study.

There is, however, preliminary epidemiological and histological data
that atrongly suggests an increase in the frequency of lung cancer among
vinyl chloride industrial workers. Falk and associates have bcen study-
ing the incidence of large clear cell carcinoma occurring among vinyl
chloride polymerization workers, which appears to be higher than one
would expect to find in the general population matched for age, rece,
and sex. Preliminary studies using regional histologically matched lung
cancer patients as controls indicate that the occurrence of this partic-
ular cell type does not appear to be a geographic phenomena. Analysis
is now underway to determine if there exists a correlation between this
particular histological cell type and the work exposure history of this
cohort population. The correlation, 1f any, between our pleural findings
and this cellular type of lung cancer has’yet to be detcrmined.

METABOLIC/PATHOGENESTS UPDATE ON VINYL CHLORIDE

Our present knowledpe of the metabolism and pathopenic mechanism by which
vinyl chiloride induccs hepatic lesions may best be summarized by Tablell.
At concentrations of less than 50 ppm, vinyl chloride appears to be
metabolized by the alcohol dehvdrogenase system. At levcls in the range
of 200 ppm, oxidation appears to occur by the peroxidase - catalase
system, With higher levels, the mixed function oxidase system appears
to be thc major route of oxidation of vinyl chioride into its metabolic
intermediates: chloroethylene oxide spontanecusly rearranges to form
chloroacetaldehyde, which is then further oxidized to monochlorovacetic
acid or converted to chloroethanol. Monochlornacetic acid 18 not seen

. in urine samples at low doses and may ‘be only formed with higher ex-

posures of vinvl ¢hloride. Chlorosethano! and chloroacetaldehyde are
most likely detoxified via the glutathione-cyvsteine conjugation systenm,
This svstem, however, is saturable:; and at higcher levels, vinyl chloride
is excreted via the lungs unchanged (5). Elmore et al., utilizing a
modified Ames system and pure synthesized vinyl chloride intermediates,
have shown that vinyl chloride, chloroethancl and chlotroacetic acid are
not mutagenic in their biological systems (6). This strongly supports
the hypothesis that vinyl chloride monomer is ne¢ither hepstotoxic nor
carcinogenic until it has been metabolized to its intermedinte forms by
the liver and/or other tissues. However, chlorpacectaldehyde and chlore-
ethylene oxide were definitely found to be mutagenic, producing recom-
bination DNA defects in bacteria.

These findings present difficulty in explainin: why the hepatoryte, as
the prirmary metabolic site for vinyl chlaride. does not underge any
cignificant evidence of hepatotoxicity nor ra'ignant transformition.
The adjacent sinusoidal liniag cells must eithcr metabolize the vinyl
chloride in a similar manner but have a less «fective detoxification
vf the metabolite or rececive (rom the hepatoctte the intermediate meta-
bolites, such as chloroethanol, which it mav then convert to chloro=
acetaldehyde without being able to detoxify or further oxidize this
mutigen, Although the hepatocyte is the primnry site for vinyl chlotride
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wtabolism, its capacity to detoxify the vinyl chloride intermediate
mtabolites may be the major reason it does not uniergo malignant trans-
formation.

Primary hepatocellular biochemical alterationa observed during prolonged
exposure to vinyl chloride in the rat may add further evidence to sup-
port this concept. Subcellular enzymes and metabolites were studied in

minals exposed to 10-20,000 ppm of vinyl chloride ranging from 14-137
ihourl. Microsomal, mitochondrial, and cytosol enzymes, including p450,

e

MDPH cytochrome ¢ reductase and mixed function oxidase, were studied.
Glutathione and glutathione raductase as oxidative and deroxification
mrkers were also determined, in addition to the conventional clinical
Slochemical studies, which included aspartate (SGOT) and alanine (SGPT)
izinotransferase, alkaline phosphatase, bilirubin, lactic acid dehydro-
fenase, total protein, albumin, cholesterol and triglycerides. After
137 hours of exposure, no significant changes occurred in the mitochon-
irial or the microsomal enzymes nor in the glutathione content. ' There
vis an increase in the glutathione reducta=e at 30 hours and a signifi-
tnt decrcase in glucose-6~phosphatase (G-6-P) after 71 hours of exposurc,
followed with an incresse in glucose-6-phosphate dehydrogenase (G-6-PD).
hese biochemical findings occurred without evidence of histologically
tiscernihle chanpes in the conventional biochemical studies.

Mis decrcase in G-6-P and increase in G-6-PD after "simulated" chronic

. erposure nre very similar changes to those found by Weber and Lea (7)
- in rapidly developing primary hepatocellular tumors. Their studies

-

demonstrated a decrease in gluconeogenesis with a reduction in G-6-P and
11 increase in G-6-PD and transaldolase. These biochemical changes were
folloved by an increase in purine bilosynthesis (increased phosphoribosyl-
:rrophosphate aminotransferase - PRPP) and eventually an increase in the
?roduction of ATP and GTP, leading to increased nucleic acid synchesis.

At the termination of our experiment (at 37 hours), there were nosignif-
icant changes in PRPP; but studies are now underway exposing animals to
+p to 250 hours to determine if the hepatic enzvme biochemistry invinyl
shloride exposure is similar to that seen in rapidly dividing primary
*epatocellular tumors. It may well be that these findings may represent

, 3¢ adaptation of the hepatocyte, with increasing nucleic acid synthesis

{:t purposes of repair, and may make these cells more susceptible to
tilignant traneformation if the carcinogenic agent is unable to be re-
»ved or detoxified with sufficiert efficiency. In contrast, the sinu-
1-idal lining cells ‘may well be able to oxidize these metabolites but
.ahle to detoxify them effectively and therefore be more suscaptible to
¢eveloping DNA injury.

fradies have begun in our laboratory to isolate hepatocytes and the
-tlous siunusoidal lining cells and deter-ine the individual cell types'
#1ility. oy both oxidize vinyl chloride. as well as detoxify its inter-
wflite metabolites. These studies, only recentlv begun, have already
temongtraled unusual differences Letween the conmvme activity of hepato-
¢-tes versus mesenchymal cells. Our preliminary studies, which require
!uether verification, failed to demonstrate mixed function oxidase
stivity (based on micromoles per minute per million cells) in contrast
tv tha hepatocvtes. Further purification of the mesenchymal cells and
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Health Effects of Vinyl Chlor:de/Tamburro ! Jhe

verification of their cellular type must be don~ before any definitive
conclusions can be drawn from these preliminary observations. They do,
however, suggest that metabolic differences of the various cell types
may play an important role in the ability of cells to oxidize and/or
detoxify potential carcinogens.

Pathogenesis via Human Case Studies:

The co-factor role of such agents as alcohol in the pathogenesis of viml
chloride carcinogenesis may ba suggested by a naturally paired twoe-case
study. Case A - Employee began to work in vinyl chloride polymerizatios
plant in 1947 as a chemical operator. He worked in the polymerizacion
process for 18 years, and estimated exposure during this time ranges fror
50~10,000 ppm of vinyl chloride. He had a history of extensive alcohol
consumption and was discharged from employment because of chis in 1968,
In 1962 he had the first clinical abnormalicies related to liver injury,
and these were identified histolegically as being alecohol induced in
1964. His alcohol consumption was greater than 512 ¢c per day. fased
= This individunl was also employed in the =ame polymerfzation plant amd
began working at the same rime and at the same jobs and from 1947 uatil
Case A was discharged 18 years later. Case B continued to work in poly-

merization plant process for an additional ten years at expoaure ranges
of 50-10,000 ppm.

In 1974 during the medical surveillance program's inici{al phase, Case B
was identified as having persistent biochemical abnormalities which were
elinically and histologically shown to be due to vinyl chloride injury
and a developing cellular type of angiosarcoma. ilis alcohol consumptions
had been less than 50 cc per day. He did, however, have a history of
malaria during his military service prior to vinyl chloride exposure and
vas transiently HB Ag positive in 1974.

Histolopically, Case B vas verified as having angiosarcoma. During the
same year, Case A was shown to have evidences of both alcoholic injury
with cirrhosis and the characteristic lesions of vinyl chloride injury,
including subcapsular fibrosis with bile duct proliferacion, peliosis
hepatis, sinusoidal cell activation, focal sinusoidal dilatation and
areas of rounded portal fibrosis. Histologically, the hepstocytes shoved
atypical change consistent with hepatocellular carcinoma and the sinu-
soldal lining cell chaanges characteristic of angiosarcomatous tissue.

In these two case studies, in which the duration and degree of exposure
was as identical as one could expect in human biological system, we have
individugls developing tumors of two different cell types. It is sug-
gested from these findings that alecohol plaved a significant role in the
hepatocyte's inability to detoxify the vinyl chleride metabolires.
by caysing DNA injury and ulcimately leading to the developmeut ot
primary hepatocellular carcinoma.

tig -

Some recent animal studies by Dr. Martha Radike and her group (8) in
Cincinnati have shown a four-fold increase in hepatic tumors anong
alcohol-fed rats exposed to vinyl chloride in contrast to those exposed
to vinyl chloride alvne, The role of secondary or co=factors in the
development of chemical carcinogenesis nceds much further study. both in
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mimals and in human observations.

The importance of the hepatocyte's ability to adequately metabolize vinyl
thloride is further illustrated by the preliminary reports of Pr. Maltoni
et al., (9), indicating that newborn rats exposed to vinyl chloride
develop a four~fold increase in primary hepatocellular cancer. 1In con-
trast, the adult rat of the same gpecies developa anglosarcomas,

ieview of Prospective Medical Surveillance System:

It is highly unlikely that any singular approach to the understanding of
the chemical carcinogenasis (i.e., chemical structure studies, animal
experiments or human epidemiological studies) will completely succeed in
characterizing the pathogenic sequence, Structural studies of chemicals
can help direct attention to those agents which may be more carcinogenic.
Awever, metabolic activation of chemicals also needs to be done and
further studied in Ames~type bacterial systems to determine whether the
mtabolites are the potential mutagen/carcinogens. Even with this in-
formation, the methods by which these agents produce cancer must be
{llustrated in animals so that we may develop earlier and more effective
stans of prevention and screening of our industrial workers.

Although vinyl chlortde has demonstrated both in animals and humans
ilmost identical histological and morphological changes, this 1llustra-
tion of animal model extrapolation to humans is by far the exception
tather than the rule. It is, therefore, equally importamt that one con-
tinue to gather accurate epidemiological data in a prospective fashion,
to determine the human variation from animal studies as well as to docu-
oent the effectiveness of our prevention methods and surveillance pro-
iramg, which are often instituted on the basis of limited knowledge and
ta time of crisis. To this point, a prospective medical surveillance
svstem has been designed and initiated by the University of Louisville
in collaboration with the B. F. Goodrich Company and its unions (Discil-
lery Workers Union, International Brotherhood of Electrical Workers,
International Association of Machinist Workers, and Pipefitters Union).

This prospective prototype system is based on the classification of in-
dustrial environments into three categories (10)., Type A or possible
wrcinogenic: This would include those industries utilizing macerials
st yet studied for their carcinogenic potential. Type B or probably
carcinogenic: This would include those industries urilizing a materfal
ot materials suspected to be potentially carcinogenic. Type C or actual-
!y carcinogenic: This would include all industries utilizing a material
tnovn to be cancer-producing either in animals or man, '

Tt saslc erideniclvzizal data required fro- pre ariens ineistrisd
vitageTies is bascd upsm the possible, protable -1 awtual presence of a
mweinogen.  Those Type A industrial envirenment- wonld need to collect
v record minimal epidemiological data, almust Y0% of which is already
“eing recorded or collected by most industries [or other sacio-economic
feasons and would require only wminimum outlay of cnst and personnel time.
™is basic data would include an employee work history, a job exposure
‘istory, and a medical illness history composed of three parts. Firsct,
t record of previous medical illnesses based on pre-emplovment history

!‘
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; :
a and examination., Second, a ::cord of all medi-al illnesses and hospi- not involved it
’ talization during employment. In most cases, with certain modifications, * ynderstand the
this can be obtained by way of third party insurance payments. Third, & standing on tin
company/plant-based mortality record based on the diagnosis at time of cunities can '.
death for each worker. Almost all of this information is presently nomic difficul’
L recorded and kept in various forms by chemical industries (for business
-, purposes), the medical care systems or as part of vical statistics. As evidence of
K ' systems in an :
) At the second level, Type B, a periodic medical history and physical compliance rats
o examination should be required; and, in addition, rank order monitoring high voluntary
v should be performed for each job occupation where individual chemical concern of the
b monitoring is available. Where possible, area monitoring data should and labor in ic
i . be utilized for these rank orderings, and preferably, whenscientifically become clear ir
C available, individual monitoring would be substituted for the rank order expertise and o
¥ o systen, communities' be
e economic relati
Updating of job clasaifications and job -xposure indices based on rank on an ongoing.
order determinations has already been done In actuis] {ndustrial environs of medfeal v
ments at a cost of approximately $10/person for the inftial updating,” ference with o
i The cost of maintenance of such records {s estimated to be less than §)/ best screening
E person/year employed. 18 needed in an
i ' oability and the
In Type C industries, those environments actually using carcinogens, " and will requir
regular history and physical examination will be required and performed vnilaborntive ¢
with increasing frequency as the duration of employment increases. In- ty, and the s«
) dividual monitoring should be used to determine the actual exposure. » and gmographic
Where this is not yet scientifically developed, cfforts should be made supporting, wit
.‘} to design usable monitors for this purpose. In Type C industrial en- ! deavoring to he
" vironments, collaborative and cooperative efforts among the industrial ' effactive mecan
o comwunity, the labor force, and the scientific¢ community are easential genieity.
L) } in order to allow an accurate, ongoing systematic collection and analysis .
) i of the epidemiological information. Those data will help resolve the : SUMMARY
i problems of safe exposure levels, frequency uf screcning needed, effec- .
. ! tiveness of screening, and the identification and effect of co-factors Vinyl chlrride
r upon individuals exposed to actual carcinogens, Yeen used s «
varcinogenie va
INDUSTRIAL HEALTH EDUCATION ronvert it fro-
vith prolonged
o In order to accomplish this, expansion of educational programs within vauses hody cel
: these industries is needed and must be continually improved and updarted. ~alignant trans:
; Any industry working with possible carcinogens should have educational injury. These
: programs directed not only at their employees, but also their families, jury occurs. V.
. the managerial personnel, and union represcntatives. In those environ- the same patics
ments where probably carcinopens are involved, educational programs are

lenee of pre-c...
needed for industrial medical personne: and pira-medical porscnnel. olls in di*

Tais is especially important in those industries where Federal accupa-
tional iaws require or an industry desires (o institute a1 surveillance
progras. Finally, in those industrial cnviroments where an actual
carcinopgen is in use, educational endeavers rust be expanded beyond the
industrial environment. These should fnclude the lrcal medicnl com-
municy (in order to help them better understand the medical surveillance
service being rendered in relationship to the private physician's role
in the care of the ompleyees), the local community (velative to its ! .
potential danger), the business community, aned the indusirial communircy
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pot involved in similar use of carcinogens, so that they may better
wderstand the health and saf ¢ty of these empléyees. The lack of under-
standing on the part of the non-involved business and industrial com-
wnities can lead to unnecessary socio-economic stigmatization or eco-
oomic difficulcies,

As evidence of the potential effectiveness of such medical surveillance
systems in an_actual carcinogenic eavironment, Tabla III illustrates the
coupliance rates for medical screening over the past three years., This
hgh voluntary compliance on the part of the employees illustrates the
concern of the employees and the cooperative effectiveness of management
and labor in identifying and correctirng industrial problems. It has
become clear in our past four years, that industry's need for sciencific
expercise and assistance must be coupled with the medical and scientific
comunities' better understanding of the work environment and its socio-
sconomic relationship, The conducting of medical surveillance programs
on an ongoing, long-term basis requires adaptation of our present mcthods
of medical screening so as not to cause unnecessary and excessive inter-
ference with the industrial function and at the same time deliver the
best screening surveillance system at the lowest cost. Much more work
is needed in adapting such systems and demonstrating their implement-
ability and thelr cost effectiveness, This is not a short-term endcavor
and will require well thought out planning and a8 marked increase in the
collaharative effort among industry, the labor force, the local communi=
ty, and the scientific communities (local or regional ones). Regional
and geographic cancer centers can play a mijor role in assisting and
supporeing, with scientific expertise, their local industries in en-
deavoring to better identify potential carcinogens and develop the most
effective means of preventing both acute toxicity and long-term carcino-
genicicy. .

STRURY

Vinyl chloride is a basic chemical for plastics manufacturing and has
been used as an ancathetic agent. Vinyl chloride's previously unknown
catcinogenic capability appears to be related to the body's ability to
convert it from a non-toxic or minimally toxic c¢hemical to a toxic and,
vith prolonged exposyre, cancer-forming agent. Early exposure in animals
causes body cells to make adaptive changes which may prepare them for
malignant transformation and appear to precede evidence of morpholopgical
injury. These findings appear to occur before a low-grade chemical in-
jury oceurs, Vinyl chloride chemical injury in man appears to follow
the same pattern, Present clinical data in humans now demonstrate evj-
dence of pre-cancer injury and cancer transformation of various types of
cells in diffecrent organs of the hody. Manilastations of pre=cancervus
fnjury to organs othet than the liver (such s the lung, heart, spleen,
brain and lvmphatic svstem) may also he ecvurring and require further
investipat lon. .

Earlv Jdetection of rthese pre=cancerous chem:cnl injuries requires a
prospective vnpoing system of survefllance and the development of diag-
nostic methoads whivh can tdentify specific cansal agents In the prescner
of nov-swpee {1 ninry.  Such a systemalic approach has heen developon

and wen i ooner etion, Its Inftial achicoomeats appear to bhe the
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foundation for future succeas in controlling the health effects of in-

dustrial chemicals.
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CANCERS BY SITE IN POLYVINYL CHLORIDE PRODUCTION PLANT
COHORT WORKING MORE THAN 1 YEAR WHO DIED DURING THEIR

TABLE 1

WORK PERICD OR AFTER RETIREMENT.

SITE

LUNG
LIVER
BRAIN
COLON
PANCREAS
THYROI1D
PROSTATE
EYE
UNKNOWN

NUMBER

28
10
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TABLE 11

PROPOSED VINYL CHLORIDE METABOLISM
PATHYAY IN THE RAT

ALCOHOL
L. C1-CH=CHy——s-C1-CHy-CH,-OH - ~+ C1-CHy~CHO——=- C1CH,-coON
DEHYDROGENASE

H0,

I, C1-CHy-ChHy-0H — ElCHz-CHZOOHM C1CH,-CHo

CATALASE

OX1DASE o
!, El-CH—*CHg ;c1—ctvcnf—>c1-m2-cm}——ucuz-coon

coe -ty e A - et

TABLE [}
COMPLIANCL 1l 992 PEQPLE EMPLOYED CONTINUOUSLY AT TYPE C PLANT (JUNE 1, 1975 vo.MAY 31, ;977)

~IDWIFE yaTwey

G1INAMEL/IPTIOTYD TAUIA 3O 338333 yaqway

1
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_ TABLE 11
COMPLIANCE OF 992 PEOPLE EMPLOYED CONTINUOUSLY AT TYPE C PLANT (JUNE 1, 1975 to MAY 31, 1977)

YEARS NONE OF*
Ist Z2nD 3rp"" 3 YEARS
{ABORATORY TESTS 89% 8r 34z 32 %
L IVER-SPLEEN SCANS 73% 855 31% 7z
HISTORY AND PHYSICALS 58% 767 ~. 69% , 122 h

0i1nqMEL/PTA0 D TAUTA 3O £13933T YITEN

* THIS IS PERCENTAGE OF EMPLOYEES WHO HAVE NOT PARTICIPATED [N ANY OF THE THREE - .
SCREENING COMPOMENTS DURING ANY OF THE YEARS.

THE DECREASE IN THE 3RD YEAR OCCURRED MAINLY AMONG NON-PRODUCTION WORKERS,
ESFECIALLY THOSE IN ADMINISTRATIVE JOBS.
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