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HEALTH EFFECTS OF VINYL CHLORIDE
i

Carlo H., Tamburro, M.D,

Univeretry of Louisville, School of Medicine, Digestive Diseases and

. Nutrition Section, 511 South Ployd Street, Room 535, MDR Bullding,

Louisville, Kentucky 40201 -

INTRODUCTION

Vinyl Chloride-Associated Injury in Man

Vinyl chloride (CH, = CE-C) moncchlorcethylens, & gas) has been the dasy,
molecule or monomef of polyvinyl chloride and.its co-polymers and hag
baen one of the most important organic intermediates in the plastica 1.
dustry for over a quarter of a century. During this time, evidence for
both chemical toxicity and carcinogenicity has been accumulated fn wmap
and in animals. Reports from scross the world have indicated the pre.
sencs of thrombocytopenia, reticulocytosis, and leukopenia among the
hamatological disorders. SclarodeTma type skin lesions, acro-ozteclyay,
of the distal phalanges, and Raynaud's phenomenon have been well de-
scribed. Abnormalities in pulmomary functional capability and cardis
arrythniss associsted with its use as an anesthetic have also beenuotec,.
The most widely kmowndisorders include hepatic fibrosis, peliosis N
hepatis, hepatomegaly, splenomegaly, portal hypertenafon, and hepatic
angiosarcoma (1). There 1is At present soms epidemiological and histo- -
logical data that large cleaf, cell carcinoma of the lung and neuro-
blastoma of .the brain are also associlated with exposure to vinyl chlo-
ride.

Vinyl Chloride-Associated Injury in Animals

Many of these lesions have also been described and shown to develop in
abnimals exposed to vinyl chloride. In addition to the liver angiomar-
comgs and the brain neuroblastomss, vinyl chloride~exposed rats and
mice have shown Zymbal gland (sweat gland) carcinomas, nephroblastoua,
subcutansous angiomas, skin carcinomas, and a variety of adenomas of the
breast, pituitary glands, and other assorted sarcomas of the ovary, pui:
monary, and uterus.

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

This research is supported by Contract No. NO1-CN-55212 from the
National Cancer Institutae, Cancer Control Braamch.
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YOATE OF NEW MEDICAL FINDINGS RELATED TO VINYL CHLORIDE
. Bistological Sequences of Injury:

g hepatic lesions in the humans and in animals related to prolonged

gposure to vinyl chleride have been fairly well characterized. One of .
(e earliest findinge is “activation" or morphological changes in the,

sisusoldal lining cells without evidence of hepatocellular toxicity,

pese vorphologicsl changes in the sinusoidal lining cells are not

a@oally associated with an inflammatory process or evideoces of localized

gcrosis. The more advanced lesion

8 are associated with.an increase in
picapsular fibrosis with subcapsular bile duct proliferation, which
crases the liver gurface to appear "pitred"

with small white scars when
deved at laparotomy or by peritonecscopy. These lesions are associsted
Tying degree most often rounded in
aepe 00 the cut surface and only rarsly showing short stellate radie-~
e into the parenchyma. The lobular architecture, in general, ig pre-
wrved, with the central vein

areas being devoid of excessiva collagen
aposition, as illustrated in Fig

ure 1. The sinusoidal lining cells

wed to be helmet ghaped, have triangular nuclei and appear to be asso-

} ,sted vith increasad deposition of callagen in adjacent sinuscidal i
wecas. In addition, there is & focal sinusoidal dilatation within the ;
whslar architecture often associated with bi-puclear hepatocytes, sug~ ;

' gating active Tegenaration of the hepatocytes, More recently, Dr. Hans
nopet has described focal areas of hepatocyric hyperplasia congiating

i # two or three cell thick plates, not agsociated with lobular fibrosis

- regeneration as seen in glcoholic and viral injuries. With progres-

; om exposure to vinyl chloride, there appears to develop increasing
eie of the sinusoidal lining cells, progressive wordening of the

wwal sinusoidal dilatation (Fig

ure 2), and ultimately, the malignant
ewaformation of the sinusofdal 1%

Le80 140

ning calls (Figure 3). At Pregent,
.~ W ot clear which of the sinusoidal lining cells (macrophags/Eupffer
¢ ., Tibroblest/Ito call, or the sinusoidal

endothelisl lining cell) is
. #ws wlignant stem call which devalops angiosarcoma. Most present data
I wwagly suggests that it 1is the endothelial lining cell which ultimately
f weotws azlignant and forms the anglosarcoms. Further studies will be
_ weisd 3o varify this thesis,

* Mochemical Detection:

Wmbenical detection of thege lesions has until recently, been mainly

¥ tesdicional blochemical hepatocellular studies. These have included
, W shuins and aspartic aminotransferages (SGPT-SGOT), gamma glutsmyl
! vompepridase (CGTF), alksline phosphatase, bilirubin (both direct and
;“U. and other enzymatic studies, such as sorbital dehydrogensse

™ We-itric dehydrogenase. Aa illustrated in Pigure 4, our preliminary
ability of these traditional biochemdcal
W s predict the pressnce of underlying histological hepatocellular
W Lo at best 80-852 accur.

ate — the most effective of which is the
i alnotransferasa (SCPT).

R

The gamma glutamyl transpeptidese is
 affective but has a 6-8% false positivity; that is, abnor-
™ #f the GCTP lavels persist without histological or functiopal
e of bepatocalluler 1njury. - Although elevations in alkaline
“Wmane nost often reflected the more serious abnormality, in alwmost
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one quarter of the individuals, it was found to be normal in the Preseng,
of hepatocellular injury.

More recently, the introduction of indocyanine green (ICG), an antong
dye similar in its physiological capabilities to Bromsulphalein (Bsp)_
has iucreased our ability to identify mild and latent underlying chenicy
hepatocellular injury. Indocyanine green can be given in various doge
levels for purposes of determining hepatic clearance. At the low doge
0.5 mg/kg, its predictability is equal to that of the aninotransferue;
By increasing the clearance dose to levels of 2.5 and/or 5.0 mg/kg, °ne.
can increase the sbility to identify underlying hepatocellular injury
the 98-99% range. A definitive biostatistical evaluation of both the
specificity and sensitivity of indocyanine green, in comparison to the
traditional biochemical studies, is now underway.

Figure 5 1llustrates the corrslation found during preliminary studieg
batween liver histology and dye clearance among vinyl chloride workerg
with increasing degrees of total vinyl chloride exposure. This is ‘
further supported by the frequency of abmormal dye clearances at both
the low 0.5 mg/kg and the high 5.0 mg/kg clearance dose among vinyl
chloride exposed workers (2). Although these tests are very ssnsitive
to identifying underlying disease, they have very poor specificicy in
identifying the causal agent and, because of this, are suited as scregp.

C. Various Tumor Types:

Hepatic Wrcm, although aiapcaring to be of ‘a single cell origin,

may be of sultiple call origina. Morphologically it occurs in a cellu.
lar, cavarnous, and solid form. The cavernous and the solid tumor forms ™

are most effectively detacted by radicisotopic liver scans. Inaddition,
disgnostic angiographic characteristica:differentiate angiosarcoms frow

* primary hapatocsllular carcinomas, adencmss, cavernous hemangiomas,

focal nodular hyperplasia, and macronodular regensration of cirthosis.
Whelan at al., have described the characteristic angiography and radio-
nuclide changes that are charactsristic of hepatic angiosarcoma (3).
The tumors axhibit central hypovascularity with puddling and are
surrounded by a peripheral stain which persists late into the vencus
phase of the angiographic study. Radioisotopicelly this form of a tumn:
presants with a nagative psripheral defect which, on occawsion, may be
missed on the anterior view of a scan but is seen on the lateral or
posterior view. As demounstrated by Whelan et al., healing hepatic in-
farcts secondary to wedged hepatic venography cancreate a false positive
lesion on anglography similar to that seen in angiosarcomas.

P. Nou-Tumor Vascular lesions:

A second lesion often seen in the non-tumorocus portions of the liver is
that of paliosis hepatis; it has been extensively described by Pliskin
{(4). These lesions tend to be mumerous, invelving the entire liver and
have a diffuse stain throughout the nodules. The stain does persist
into the late venous phase and mey not be associated with auy radioisc-
topic abnormalities of the livar scan. Whether these findings represent
a pre-carcinogenic or pre~angiosarcomatoug lesion in vinyl chloride
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wrkers 18 still under etudy.

. Radiofsotopic Detection:

pe ability of 99mTc sulfur colloid liver scan to detect anatomical
jesions, based on the best medical diagnosis » 1e supported by the find-

that, 0f the 19 casmes with anatomical lesions, only three.wvere
,.uoiiotopically reported as normal. In cne of the three Teported
wrmal cases, subsequent radioisotopic scaung done three wonths later
",“ud the underlying abnormalities. What is equally important is
gt 1o the 957 "normal” individuals, the scan was reported ae abnormal
a only 32 cases. These data, therefore, illustrate an 843 sensitivity
(16/19) and & 97% specificity (925/976), with only-a 3X false positive
pte (32/957). This false positive rate waa markedly reduced in eub-
squent years when repsated radicisotopic scans could be coupared to
gsitisl basaline ones. It is our present opinion that the
<80, either camera or rectolinear, represents the wmost effective mesns
of identifying early snatomical lesions with the least degree of false

ieivity, thua prevsnting unnecessary diagnosti

¢ evaluation. The
wive and effectivensss of ultresound versus the rad

1ological isotopic
xso 88 & screening procedure e under study. .

7. Associetsd Splsen Disordsrs:

& slargement of the spleen, as determined by radioisotopic scans

ter than 14 ca in longitudinal length) and verified by autopsy or
has been seen in 60% of the individuals with
those individuals with che peliosia hepatis
selon, As illustrated in Pigure 6 the correlation between spleen size

»i vedged hepatic vein pressure emong vinyl chloride workers 1llustrated
moe digparities, At leaet 10-12% of those

] individuals with splenomegaly
wi oo evidence of an &levated portal ‘Pressure as reflected by wedged

aphic studiee demonstrated
rircular lesions in the spleen (lienal peliceis) which had

pereistent
walning characteristics and were associated with a shortened celiac
wwry to portal veln circulation time and increased

spleen scap eize.
% we of 9%9aTc sulfur colloid clearsnce by both the liver and epleen

spleen macrophage cal} activicy
and/or the vascular findings. In

wparotosy in 12 cases,

gt play & role in the splenomegely
#e (ndividuals with lienal peliocsis,

leen after inftial racireculation.
ood flow and/or increased total
Studies are now under way to

s may be dua to either increased bl
mether delineste these lesions.
i heng Pindings:

™ mdicel surveillance

®weal lung finding among this cohort of vinyl chloride workers.
Swrnalicy is characterized by’

progran has also illustraced the Pregsence of an
The
a midzonal latersl pleural thickening,
ion, thus far has siomply illustrated fat
finding in approximately 42 of the

regional, i.e., other environmental
These lesions do not appear to be
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associated with any pulwonary functional disorders; and their signify.,
cance and relationship to smoking, tuberculosis, asbestosis, fungal j,.

fection or possible geographic nan—occupational environmental Wll“tnnu
are under study. .

There is, however, preliminary epidemiological and histological dats
that strongly suggests an increase in the frequency of lung cancer amo,
vinyl chloride indusctrial workers. Falk and asscciates have been .tudn‘
ing the incidence of large clear cell carcinoma occurring among viny] ¥-
chloride polymerization workers, which appears to be highér than ope
would expect to find in the general population matched for age, race
and sex. Preliminary studies using regional histologically matched 1,\;.,
cancer patients as controls indicate that the occurrence of this p“u:
ular call type does not appear to bs a geqgraphic phencmena. Analysiy
is now undervay to determine if there exiats a correlation between thi, -
particular histological cell type and the work exposure history of thg,
cohort population. The correlatiom, if any, bhetween our pleural finds,
and this cellular type of lung cancer has yet to be determined. e

!ETA.BOI&IC!PATB&}MSIS ‘UPDATE ON VINYL CHLORIDE

Cur present knowledge of the metabolism and pathogenic mechanism by whicy
vinyl chloride induces hepatic lesions may best bs summarized by Tabiey;
At concentxations of less than 50 ppm, vinyl chloride appears to be ’
metabolized by the alcchol dehydrogenase system. At levels in the Tange
of 200 ppm, oxldation appears to occur by the peroxidase - catalase
system. With higher levelsg, tha mixed function oxidase system appears
to be the major route of oxidation of vinyl chloride into its metabolic
intermediates: chloroethylene oxide apontaneously rearranges to fory
chloroacetaldehyde, which is then .further oxidized to monochloroacetsc
acid or couverted to chloroethanol. Monochloroacetic acid is not seen
in urine samples at low doses and may be only forwed with higher ex-

:posures of vinyl chloride. Chloroethancl and chloroacetaldehyde are

wost likely detoxifiéd vie the glutathionescysteine conjugation systen.
This system, however, is saturable; end at higher levels, vinyl chloridc.-
is excretsd via the lungs unchanged (5). - Elnore st al., utilizing a
modified Amae systew and pure synthesized vinyl chloride intermediates,
have showm that vinyl chloride, chloroethanol and chlorocacetic acid are
not mutagenic in their biological systems (6). This strongly supports
the hypothesis that vinyl chloride monomer is neither hepatotoxic nor
carcinogenic until it has been metabolized to its intermediate forms by
the liver and/or other tissues. However, chloroacetaldehyde and chlore-

athylens oxide were definitely found to bs mutagenic, producing rascoe-
bination DNA defects in bacteria.

These findings present difficulty in explaining why the hepatocyte, se
the primary matabolic aite for vinyl chloride, does not undergo any
significant svidence of hepatotoxicicy nor malignant transformation.
The adjacent sinusoidal lining cells must either wmatabolize the vinyl
chioride in a similar manner but have a less effectiva detoxificarion
of the matabolite or receive from the hepatocyte the intermediate mets-
bolites, such as chloroethanol, which it may then convert to chloro-
acetsldehyde without being able to detoxify or further oxidize this
mutagen. Although the hepatocyte ia the primary site for vinyl chloride
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| prisaty hepatocellular biochemical slterations obaserved during prolonged
I aposure to vinyl chloride in the rat may add further evidence to gup-
¢t this concept, Subcellular enzymes end metabolites were studted in
wimals exposed to 10-20,000 ppm of vinyl chloride ranging from 14~137
wors. lcrosomal, mitochondrial, and cytoscl enzymes, including p45Q,
cytochrome ¢ reductase and mixed function oxldase, wers studied.
' getathione and glutathione veductase as oxidative and detoxification
) wrkers vere also determined, in addition to the conventional clinical -
| mochemical studies, which included aspartate (SCOT) and alaninme (SGFT)
z dm:n‘utctu-. alkaline Phosphatass, bilirubin, lactic acid dehydro-
{ gmese, total protein, albumin, cholesterol and triglycerides., After
4 1)1 wours of exXposure, mo significant changes occurred in the mitochon-
' 1 ot the microsomal enzymes nor in the glutathiome content. Thers
o 40 increase in the glut_.thime reductase at 30 hours and & elgnifi-
. st decresase in ‘glucose-6-phosphatase (G-6-P) after 71 hours of exposure,
: wiiowed with an incresse in glucose~6-phoaphas

te dehydrogenase (G-6~PD).
. myee biochemical findinge occurred without evidence of histologically

{ gecernibis changes in the convenrionsl biochemical studies,

i Lo

{ sty decrease in G-6-P and increase in G-6-Pp after "simylated™ chronic
apesure aTe very siwmilar changes to those found by Waber and lLaa

¢ .4 rapidly developing primary hepatocellular tumors.

" seustrated & decrease in gluconsogenesis with s red
o tacteass in G-6-PD and transsldolase.

sijowed by an increase

(&)
Their studies

uction {a G-6-P and -

Thess biochemical changes vere

in purine biosynthesis (increased phosphoribosyl~
and eventually an incresse in - the _

incressed nucleic acid synthests. o

), there wers no iig:—:if-.

~mt changes in PRPP; but studies are now underway exposing animals to
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c agent is unable tc be re-
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wwisping DRA injury.
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verification of their cellular type must be done before any definitiye
conclusions can be drawn from these prelimipary cbservations. They 4,
however, suggest that metabolic differences of the varicus cell typeg '
may play an important role in the ability of cells to oxidize and/or
detoxify potential carcinogens.

Pathogenesis via Humen Case Studies:

The co-factor role of such agents as alcohol in the pathogenesis of i
chloride carcincgenssis may be suggested by a naturally paived :wo-c..':n
study. Case A - Employee began te work in vinyl chloride Polymerizary,
plant in 1947 as & chemical operator. He worked in the polymerizatieg "
process for 18 years, and estimated exposure during this time ranges fy
50-10,000 ppm of vinyl chloride. He had a history of extensive llcoholo'
consumption and was discharged from esployment becsuse of this in 196
In 1962 he had the first clinical abnormalities related to liver inJur}
and these were ildentified histologically as being alcohol induced {5 '
1964. His alcohol consumption was greater than 512 cc per day. . Cage ]
= This individual was also employed in the same polymerization p],m
bagan working at the same time and at the same jobs and from 1947 ypey;
Case A was discharged 18 years latar. Case B continued to work in poly-
nerization plant process for an additfonal ten years at exposure Tange,
of 50-10,000 ppm.

In 1974 during the medical surveillance program's initial phase, Cage )
was identified as having persistent biochemical abnormalities which ver,
clinically and histologically shown to be due to vinyl chloride injury
and a developing cellular typs of angiosarcoma. His alcohol consumptior
had been less than 50 cc per day. He did, however, have a history of
malaria during his militsry service prior to vinyl chloride exposure an:
was transisntly !m'u positive in 1974. : )

Histologically, Case B was verified as having angiosarcoma. During th
sane ysar, Case A was showil_to have evidences of both alcoholic injury
with cirrhosis and the characteristic lesions of vinyl chloride injury,
including subcapsular fibrosis with bile duct proliferstion, peliosis
hepatis, sinusoidal call activation, focal sinusoidal dilstation and
areas of tounded portal fibrosis. BHistologically, the hepatocytes showe!
atypical change consistent with hepatocellular carcinoma and the ainu-
soidal lining call changes characteristic of angiosarcomatous tissue.

In these two case studies, in which the duration snd degree of exposurr
vae es idemtical aa one could expect in human biological aystem, wve haw
individuals developing tumors of two different cell types. It i3 sug-
gested from these findings that alcohol played a significant role in the
hepatocyte's inability to detoxify the vinyl chloride metabolites, these
by causing DNA injury and ultimately leading to the development of
primary hepatocellular carcinoma.

Some Tecent animal studies by Dr. Martha Radike and her group (8) ia
Cincinnati have shown a four-fold increase in hepatic tumors among
alcohol-fed rats exposed to vinyl chloride in contrast to those exposes
to vinyl chloride alone. The role of secondary or co-factors in the
development of chemical carcinogenesis needs much further study, beth i-
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haile duct proliferation, peliosis

& focal sinusoidal dilatation sod
Bistologically, the hapatocytes shows
\atocellular carcinoma and the sine-
wristic of anglosarcomatous tissus.

ation and degree of exposets
:td;; :&n biological system, we e
0 different cell typea. It is sw:
-ohol played a significant role ir B
the vinyl chloride metabolites, thee
y leading to the development of

8) t»
(artha Radike and her group (
ncrease in hepatic tumors amts
hloride in contrast to those cm
of secondary or co-factors im o
sis needs wmuch further- atudy,

: pther studied in Ames-type bacterial

-ty

-

e

. sretem_has been designed and initiated

. @ Workers Union, International Brotherh

;
|

f

A

i
..

w}“m

: w deternine the human variation from animal studies as well as
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ginsls and in human observations,

pe importance of the hepatocyte's ability to sdequately metabolize vinyl
dlﬁf“' {s further illustrated by the prelimi

uary teporta of Dr. Maltoni
ot 83- (9), indicating that newborn rats exposed to vinyl chloride

Jeveiop & four-fold increase in primary hepatocellular cancer.
rrast, the adult rat of the same species develops angiosarcomas-

" ——
geview of Prospective Medical Surveillanca System:

1t i highly unlikaly that any singular approach to the understanding of

chemical carcinogenesis (i.e., chemicsl structure studies, animal
aperiments or human epidemiological studies) will completely succeed in
asrscterizing the pathogenic sequence.

Structural studies of chemicals
s belp direct attention to those agents which may be more carcimogenic.

peever, metabolic activation of chemicals also needs to be done and

systems to detarmine whether the
musbolites are the potentisl mutagen/carcincgens. Even with this ip-
termation, the methods by which these agents produce cancer must be
iilustrated in animels so that we may develop earlier and mora effective
wecs of prevention end screening of our industrial workers.

In con-

smough vinyl chloride has demonstrated both in a

nimals and humans .
dsoet identical histological end morphological changes, thiy fllustra-
ries of animal model extrapolation to humans is by far the exception

ater than the rula. It is, therefore, equally important that one con-
sem to gather accurete epidemivlogical data in a prospective fashion,

to docu~
surveillance pro-
uited knowledge and
To this point, & prospective medical suryeillance

by the University of Ipuisville
Goodrich Company and its unions (Digtil-

wot the sffectivensss of our prevention methods and
pus, vhich are often instituted on the basis.of 14
w time of crisis.

w collaboration with the B. ‘F.

ood of Electrical Workers,
wrernational Assoclation of Machinist Workers, and Pipafitters Union).

i prospective prototype system is based on the claseification of in-
wirial environments into three categories (10). Type A or possible
eniacgenic: This would include those industries utilizing materials
ot yet studied for their carcinogenic potential. Type B or probably
wrinogenic: This would include thosa industries utilizing a material
« mtrrials suspected to be potentially carcinogenic. Type C or sctual-
* wrcinogenic: This would include all industries utilizing & material
W to be cancer-producing either in animals or man,

& boalc epidemiclogical deta required from the various industrial
wperiss is based upon the possible, probable or actual presence of a
Wiiasgen. Those Type A industrial emvironments would nead to collect
* Muerd ninimal epidemticlogical data, almost 902 of which ias already
My recorded or collected by most industries for other socio~economic
would require only minimum cutlay of cost and personnel time.
8 desic data would include an employee work history, a job exposure
byseald] :}\d ¢ madical illness hiastory composed of three parts. Pirst,

erevious wadical illnesses based on pre-employment history

v/
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and examination. Second, a record of all medical illnesses and hospy.
talization during employment. In most cases, with certain nodificnuon.
this can be obtained by way of third party insurance payments. Thirgd, .'

‘company/plant-based mortality record based on the diagnosis at time of

death for each worker. Almost all of this information is presently
recorded and kept in various forms by chemical industries (for businegy
purposes), the medical care systems or as part of vital statistics.

At the second level, Type B, & pariodic medical hiastory and physdcal
examination should be required; and, in addition, rank order monitoéinx
should be performed for each iob occupation where individual chemica}
monitoring is available. Where possible, area monitoring data shoylg
be utilized for these rank orderings, and preferably, when scientifica)}
available, individual zonitoring would be substituted for the rank tm:lery
system. . . ’ -

Updating of job classifications and joh exposure indices based on rgp
order determinations has already been done in actusl industrial envirop-
ments at a cost of approximately $10/person for the initial updating,
The cost of maintenance of such records is estimated to be less than s3/ '
person/ysar employed.

In Type C industries, those environments actually using carcinogens,
ragular history and physical examination will be required and performed
with inéreasing frequency as the duration of employment increases. Iy-
dividual monitoring should be used to determine the actual exposure.
Where this is not yet scientifically developed, efforts should be made
to design ussble menitors for this purpose. 1In Type C industrial en-
vironments, collaborative and cooperative efforts among the industrias)
comaunity, the labor force, and the acientific community are sesentia]
in order to allow an accurate, ongoing systematic collection and-znalysi,
of the spidemiologicsl information. These deta will help resolve the
problenms of safe sxposure levels, freqnency of scresning needed, effec.
tiveness of scréening, and the identification end effect of co-factors
upon individuals sxposed to actual carcinogeus.

INDUSTRIAL HEALTH EDUCATION

In order to accomplish this, expansion of educationsl programs within
these industries is needed and must be continually improved and updated.
Any industry working with possible carcinogens should have educational
programs directed not only at their employees, but also their families,
the managerial personnel, and union representatives. In those environ-
ments vhere probably carcinogens are involved, sducational programs are
needad for industrial madical personnel end para-medical persomnel.
This is especially important in those industries where Federal occups-
tional lawe require or an industry desires to institute a surveillance
program. Finally, in those industrial envirouments where an actual
carcinogen is in use, educational endeavors must be expanded beyond the
industrial environment. These should include the local medical com-
sunity (in order to help them better understand the medical surveillam «
service being rendered in relationship to the private physician's rols
in the care of the employees), the local community (relative to its
potential danger), the business commpunity, and the industrial community
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135 '
ne. ucrr.“' involved 1 .:hilt;of i hat th b
£ R ‘ eses and hospi- ot i0 ed in » &y use carcinogens, so that they msy better
:'L ;_.::diz:th%i:‘uh wodifi cation, gdel”“““ the heslth end safety of these employees. The lack of under~
k &4
‘PW {nsurance payments. Third, o ;tlnd

|
ing on the part of the non-invelved business and industrial com—
_ N he diagnosis at time of icies cav lead to unnecessary socio-economic stigmatization or eco-
of this informstion is presently peic difficultie,
by chamical industries (for busines,

s part of vital statistics.

o ' evidence of the potential effactiveness of such medical aurvej.ilance
.. 0T o

cems in an actusl carcinogenic enviromment, Table IIT illustrates the
1iance rates for medical screening over the past three years.
, in addition, rank order monitoring

This
gh voluntary complisnce on the part of the employees illustrates che
| chemi ern of the employeses and the cocperative effectiveness of management
cl;pb;t‘.i?:r:?u iﬁﬁ:\‘ﬁu .hof;: 1sbor in identifying and correcting induatrial problema.
P} moni
P .ﬂ.l‘pu!cubry, when scientificaly,

It has
\ecome Clear in our past four years, that industry's need for scientific
uld be substituted for the rank order mprt

ise and asalstance must be coupled with the medical and scientific

ties' batter understanding of the work emvironment end its socio-
REpR ) ¢ relationship. Tha conducting of medicel surveillance programs
505 exposure indices Bssed on ran

on ongoing, long-term basis requires adaptation of our pressnt methods
; ustrial envire. . of Bedical cTeening $0 2% MOt YO csuBe unnecessary and excessive inter-
en done :l.: :c:::litﬁhl updau;;_“ wivoce with the industrial function and at the same time deliver the
0/person oiutod to be less then i) st acreening surveillance system at the lowest cost. Much more work
orda 1, sat . w weded in adapting such systems and demonstrating their implement-

. ity sud their coat sffectiveness. This is not a short-term endeavor

-

cdlc wadical history snd physical

sents ‘actually uaing carcinogens,

ot vill ,.qm-;!nn :houah:d out planning and ; marked increase in the

8 . rativa effort among industry, the labor force. the local communi-

aion will be required At Betioreed UL the sclentific commmicies (locsl oF Tegionsi ones). Reglonsl c
cation of emp g;?:ct\ul e 4 gropraphic cancer centers can pley s major role in assiating and B2
to determine Stocts nhou.:pl dobe -; s . memriiog, with scientific expertise, their local industries in en~ o
f;dﬂllPP";'. . a C industzial - { gpawetivg to better identify potential carcinogens and develop the moat LY.
W:t fo:t?’ the industsls: | Jiective weans of preventing both acute toxicity and long~term carcino- ﬁ .
:c:lgu ntific cossumity aTe esseatis: - geklty. ' ' “
ng m:mue‘ collection .and anglress

Thease data will Balp rasolve the

. scy of scieenipg needed, ells ' e . . .
;qugm and effect of co-faclwe

s tbloride i3 s basic chemical for plastics manufacturing and has
. wm wed as an anesthetic agent.

Vinyl chloride's previocusly unknowm
amissgenic capability appears to be related to the body's ability to

-t it from & non-toxic or minimally toxic chemical to a toxic and,
) . # prelonged exposure, cancer-forming agent. Early exposure in animals
LT Y I wmee dody cells to maka adaptive changes which may prepare them for

on of cduclﬁf’“ﬁ‘?g::ﬂ':;dﬂw.‘ srqguat transformation and appear to precede svidence of morphological
Be S'1.1.16 have educationst ey, These findings sppear to occur befors a low-grade chemical in~
arcinogens sho Tso their fealliss oy weeurs. Vinyl chloride chemical injury in man appears to follow
employees, but 2 In those swriradr - % gutw pattern. Present clinical data in humans now demonstrate evi-
“pt“mnt::“'tioul progres @B . OB o pre~cancer injury and cancer transformation of various types of
tuvolded, “c:chl persosaei. 4 b dillerent organs of the body.

ael and para-me Feqeral srew ¥ B w ergans other than the liver (such as the lung, heart, spleen,
. 1ndultti:9 ?1:::. a survel) o % N wi iyaphatic eyatem) may alsc be occurring end require further
?11:&:omm”u where an actwsi O : ton.

deavors must b; ::!1’““‘ ) y tion of these pre~cancerous chemical injuries requires a

d jnclude :lh‘thtol' dica) » 'i—u w onpeing system of surveillance and the devalopment of diag-
understan ivate phylk“"" R BN Absda which can identify specific causal agents in the presence
ip to the P v‘{uhﬂ" 1o S0 fo- e £24. {ajury. Buch a systematic approach has been davalopad
ﬁ’-qcm industrial «om EAI ix operation. Its initial achievements appear to be the

’ - gt . ’

Manifestations of pre-cancerous
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foundation for future success in controlling the health effects of iy.
dustrial chemicals.
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CANCERS BY SITE IN POLYVINYL CHLORIDE PRODUCTION PLANT

COHORT WORKING MORE THAN 1 YEAR WHO DIED

WORK PERIOD OR AFTER RETIREMENT,

SITE

LUNG
LIVER
'BRAIN
COLON
PANCREAS
THYROID
PROSTATE
EYE
UNKNOWN

DURING THEIR

LT

————

NUMBER _ ":

28
10

I
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TABLE I1

PROPOSED VINYL CHLORIDE METABOLISM
PATHWAY IN THE RAT

olinqumel/aprroTyd TAuUTA ;O 2302337 yiteay

| | ALCO '
I, C1-CH=CHy=—nmC1-CHy~CHy-OH e (1-CHy-CHO—— C1CHy~COOH
DEHYDROGENASE
0, g .
[, C1-CHy-CHy-OH o C1CHy~CHy00H~——- C1CHy-CHO
CATALASE
OXIDASE
L. C1-CHeCH, - c1-c»vcng—>c1-cnz-cuo-—-»ucaz-coon
/
i
25€50 TN _
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- * TABLE 111

333 u3re?

COMPLIANCE OF 992 PEOPLE EMPLOYED CONTINUQUSLY AT TYPE C PLANT (JUKE 1, 1975 To MAY 31, 1977)



- o CYCH~CHo00H = C1CH,~CHO
ses T i taLasE 2 2v s

OXIDASE .~ €1-CHo~CHOw—e=C1CHy-COOH
111, C1-CH=CH, , - C”<;;;7C“2 Ml
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TABLE 1%
COMPLEIANCE OF 992 PEOPLE EMPLOYED CONTINUOUSLY AT TYPE C PLANT (JUNE 1, 1975 vo MAY 31, 1977)

YEARS NONE OF*

1st 2nD 3rp** 3 veARSs
{ABORATORY TESTS 89% 36% 842 3%
LIVER~SPLEEN SCANS 73% 85% 817 7%
HISTORY AND PHYSICALS - 58% 76% 692 12%

02INqE@RY/IPTIOTY) TAuta jo 83193333 yaredl

* THIS IS PERCENTAGE OF EMPLOYEES WHO HAVE NOT PARTICIPATED IN ANY OF THE THREE
SCREENING COMPONENTS DURING ANY OF THE YEARS.

* YHE DECREASE IN THE 3rD YEAR OCCURRED MAINLY AMONG NON-PRODUCTION WORKERS,
ESPECTALLY THOSE IN ADMINISTRATIYE JOBS, 1
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