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Introduction

It has been over 30 years since the first sugges-
tive evidence was published by Tribukh to indicate
that vinyl chloride monomer (VCM) is acutely toxic
in man. Chronic toxicity in animals was subse-
quently demonstrated by Torkelson in 1961, but it
was an outbreak to VCM-induced acroosteolysis in
the 1960's that focused attention for the first time
on the occupational toxicity of this important indus-
trial chemical. The carcinogenicity of VCM was
recognized in 1974 following the nearly simulta-
neous reports of an association between exposure
to VCM and angiosarcoma of the liver (ASL) in man
(reported by Creech and Johnson) and in animals
(reported by Maltoni). These reports precipitated a
thorough international reviéw of the toxicity of
VCM at the New York Academy of Sciences. Since
then, enormous research efforts have been under-
taken to expand our knowledge of the toxicity of
vinyl chloride. Many of the research efforts stimu-
lated by the events of the 1970’s have now come to
fruition, and are appropriately brought together in
these proceedings.

The proceedings begin with a presentation of the
most extensive animal research on the carcinoge-
nicity of VCM ever published. In these data,
dose-response curves can be examined by site and
type of tumor, by route and schedule of exposure,
and by species and strain of animal. This study and
other research on the carcinogenicity of VCM
reported in this volume indicate the importance of
cofactors such. as age at exposure and simuitaneous
exposure to ethyl alcohol in VCM toxicity. Evi-
dence that even a single exposure to VCM induces
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experimental neoplasia is significant from the stand-
point of both occupational and nonoccupational
exposures,

The updated epidemiologic studies presented in
this volume of mortality among workers exposed to
vinyl chloride reinforce the laboratory findings of
multisite carcinogenicity. Data demonstrating the
mutagenic and transplacental effects of VCM are
also updated and summarized. The lack of predictivity
of one prospective liver screening program sug-
gests the need for further work in identifying
effective medical surveillance techniques for early
recognition of liver abnormalities.

While thousands of workers are exposed to VCM
vapor, many more are exposed to its polyvmer,
poly(vinyl chloride) (PVC). The carcinogenicity of
PVC dust js evaluated both experimentally and
epidemiologically in these proceedings. The results
are not definitive. Nonmalignant respiratory sys-
tem effects from PVC dust are suggested by a
number of papers at this conference.

Finally, the extension of the findings of caréino-
genicity of VCM to its structural analogs, vinylidene
chloride, trichloroethylene and tetrachloroethyiene,
and its brominated equivalent, vinyl bromide, serves
as another lead in our effort to understand some .
fundamental concepts of chemical carcinogenesis.

Ricuanrp J. WaxwrILEn
Puitip J. LANDRIGAN
PETER INFANTE
RAYMOND SHAPIRO
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Carcindgenicity Bioassays of Vinyl
Chloride Monomer: A Model of Risk
Assessment on an Experimental Basis

by Cesare Maltoni,* Giuseppe Lefemine,* Adriano
Ciliberti,* Giuliano Cotti* and Donata Carretti*

Data are presented regarding the final results of the Bentivoglio (Bologna) project on
long-term carcinogenicity bioassays of vinyl chloride (VC).

The experimental project studied the effects of the monomer, administered by different routas,
concentrations and schedules of treatment, to animals (near 7000) of different species, strains,
sex and age. To our knowledge this is the largest experimental carcinogenicity study performed

on a single compound by a single institution.

The results indicate that VC is a multipotentia! carcinogen, affecting a variety of organs and
tissues. In the experimental conditions studied, the neoplastic effects of the monomer were also
detected at low doses. The experimental and biological factors greatly affect the neoplastic
response to VC. Long-term carcinogenicity bioassays are, at present, a unique tool for the
identification and quantification of environmental and occupational risks. Precise and highly
standardized experimental procedures are needed to obtain data for risk assessment.

“Introduction

The present report deals with the presentation of
the final results of our project on the long-term
carcinogenicity bioassays of vinyl chloride (VC) (BT
project). ‘ ’

_To our knowledge this project is the most exten-
sive experimental carcinogenesis study ever per-
formed on one industrial compound by a single
institution.

Planning, Materials, Methods and
Performance of the Experiment

Planning

The experiments of the project were planned
(a) to test the carcinogenicity of the compound;

*Institute of Oncology and Tumor Center; Bolclig'_';fn*.~ lply.
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(b) to obtain information on the site and type of
tumors; (¢c) to evaluate the possible effects of the
routes of administration, with particular regard to
the ones reproducing potential human exposure;
(d) to assess, in quantitative terms, the level of
risk. The planning of the experiments was aimed at
achieving these goals. ‘ ‘

The compound was tested on animals of different
species, strain, sex and age (Table 1), since it is
known that these factors may modify the neoplastic
response qualitatively and quantitatively. The choice
of the animals was made with the intention of
having an integrated system of complementary
biological models which could express a range, as
wide as possible, of neoplastic responses.

VC was administered by different routes: intra-
peritoneal (IP) injection, subcutaneous (SC) injec-
tion, inhalation and ingestion (by stomach tube),
the latter two being the major routes of potential
human exposure.

The monomer was administered at different
concentrations: 14 by inhalation levels and 6 inges-
tion levels for various periods of time, by continu-
ous or intermittent treatment (Table 2).

UCC 084118




Table 1. BT project on VC: animals used.

Species Strain Sex Age

Rat Adult (10-21 wk)

Newborn (1 day)

Embryo (12 days pregnancy)
Adult

Adult

Adult

Sprague- MF

Dawley

Rat
Mouse
Hamster

Wistar M
Swiss MF
Golden M

The plan of the project is presented in Tables 3-9.

Material

VC was supplied from the same source in all
cases, and it contained very low amounts of impuri-

N

ties (Table 10). The oil employed as a vehicle in the
ingestion and injection experiments was pure vir.
gin olive oil from Tuscany.

The animals (except for the golden hamsters)
were breeds which have been routinely employed in
our laboratory for many years. It should be pointed
out that, whatever their use, all the animals of our
colony undergo periodic examination and complete
autopsy, giving us extensive information concern-
ing their pathology.

The chambers for inhalation exposure were built
basically of stainless stee] and glass.

For the ingestion treatment glass syringes and
stainless steel needles with round tips were used.

To control the level of exposure in the inhalation
experiments, an automatic gas chromatography
system was used.

Table 2. BT project on VC: routes, concentrations and schedules.

Concentration

Schedule

30,000, 10,000, 6000, 2500, 500, 250, 200,

150, 100, 50, 25, 10, 5, 1 ppm

10,000, 6000, 2500, 500, 250, 50 ppm

10,000, 6000 ppm
10,000, 6000 ppm
10,000, 6000 ppm
10,000, 6000 ppm
Ingestion

1P injection 4.25 mg

4.25 mg

SC injection 425 mg

50, 16.65, 8.33, 1.0, 0.3, 0.03, mg’kg body weight

4 hriday, 5 days/wk, 52 wk

4 hriday, 5 dayswk, 17 wk
4 hr/day, 5 days/wk, 5 wk
4 hriday, 1 dayrwk, 25 wk
1 hriday, 4 daywwk, 25 wk
4 hriday, 7 days

5 times/wk, 52 wk

4, 3, or 2 times at
2 month intervals
Once only

Once only

Table 3. Plan of long-term experiments on the effects of exposure by inhalation for 1 year to different doses of VC on adult
Sprague-Dawley rats (basic experiments).

Treatment

Anirnals

Expt.

no. Route VC dose Duration

No. per

Species Strain weeks No. ¢ No. & Total  group

Inhalation 10,000, 6000, 2500, 500
250, 50 ppm
Untreated controls
Treated controls

VA, 2500 ppm

200, 150, 100 ppm
Untrested controls
30,000 ppm

4 hriday,
5 daywwk,
52 wk
Inhalation
Inhalstion
Inhalation
Inhalation

4 hr/day, &
days/wk, 52 wk
4 hriday, &
days'wk, 52 wk
4 hriday, §
dayswk, 52 wk
4 hr/day, 5
days'wk, 52 wk

BT2
BT
BTY

50 ppm

Untreated controls
25, 10, 5, 1 ppm
Untreated controls

Rat Sprague 13 240 240 480 60

Dawley

Sprague- 13
Dawley
Sprague- 17 60
Dawley
Sprague- 11 100 (¢)
Dawley 300 ()
120

Sprague- 13
Dawley ¢ ---

Environmental Health Perspectives
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Tabie 4. Plan of long-term experiments on the effects of length of VC exposure on VC earcinogenicity.

Treatment Animals

Expt. . . Age, No. per
no. Route VC dose Duration Species Strain weeks No. ¢ No. 4 Total group

BT3  Inhalation 10,000, 6000, 2500, 4 hriday, Rat Sprague- 12 262 288 550  60-190
500, 250, 50 ppm b daywwk, Dawley '
Untreated controls 17 wk
BT10  iInhaiation 10,000, 6000, ppm 4 hr/day, 5days’  Rat  Sprague- 11 420 420 840 120
’ Untreated controls wk, 5 wk: 4 hr/ Dawley
day, 1 day/wk, 25
wk; 1 hriday, 4
days/wk, 25 wk

Table 5. Plan of long-term experiments on the effects of age on vinyl chloride carcinogenieity.
Treatment Animals

Expt. Age, No. per
no. Route VC dose Duration Species Strain  weeks No. § No. d Total group

BT5  Transpla- 10,000, 6000 ppm 4 hr/day, 7days  Rat Sprague- 19 110 36 146 30-54
cental {from 12th to 18th Dawley (breed-
day of pregnancy) ers) 12
days (em-
bryos)
BT14 Inhalation 10,000, 6000 ppm 4 hriday, 5 Rat Sprague- 1day 45 “ 89 4346
days/wk, 5 wk Dawley

-

Table 6. Plan of long-term experiments on the effects of strain on vinyl chloride carcinogenicity.

Treatment Animals

Expt. Age,
no. Route  VC doae Duration Species Strain weeks No. 9 No. & Total

BT7  Inhalauon 10,000, 6000, 2500, 500, 4 hriday, 5 Rat Wisar 1) 0 220 220
250, 50 ppm days/wk, 52 wk '
Untreated controls

BT17 Inhalation 1 ppm 4 hriday, 5 Rat Wistar 13 250 250
Untreated controls dayvwk, 52 wk

Table 7. Plan of long-term experiments on the effects of species on vinyl chloride carcinogenicity.
Treatment Animals

Expt. Age, No. per
no. Route VC dose Duration Species Strain weeks No. 9 No. & Total grouwp

BT{  Inhalation 10,000, 6000, 2500, 4 hriday, 5 Mouse Swiss 11 500, 250 260 510 60-150
250, 50 ppm dayswk,
Untreated controls 30 wk

BT3  Inhalation 10,000, 6000, 2500, 4 hrrday, 5 Hamster Golden 11 10 268 268  30-62
5§00, 250, 50 ppm daysrwk,
Untreated controls 30 wk

October 1981




- 'Table 8. Plan of long-term ingestion experiments on vinyl chioride carcinogenicity.

Treatment Animals
Expt. Age, No. per
no. Route VC dose Duration Species Strain weeks No. ? No. & Total group
5 times'wk, Rat  Sprague- 13 160 160 320 80

BT11  Ingestion 50, 16.85, 3.33 mg/kg
. body weight in olive oil 52 wk
Controla, olive oil

BT27  Ingestion 1, 0.3, 0.03 mg/kg body 5 timeswk, 52 wk Rat Sprague- 10

weight in olive oil or 59 wk*

Controls, olive oil

Dawley
300 300 600 150
Dawiey )

*For 10 animals of each of the three exposed and control groups the treatment was planned to last 104 weeks, but it had to be

stopped because of animal intolerance.

Table 9. Plan of long-term injection experiments on vinyl chloride carcinogenicity.

Animals

Age, No. per
Species Struin weeks No. ¢ No. d Total group

Treatment
Expt.
no, Route VC dose Duration
BT12 IPin- 4.25mgin1.0cc 4.3, 2, 0rl

jection  clive oil
Controls, 1.9 ec olive oil intervals
BT13 SCin- 4.25mginl.0cc 1 injection
jection  olive oil
Controls, 1.0 ¢ olive oil

times; two month

Rat Sprague- 13 150 150 300 60
Dawley

Rat Sprague- 21 80 70 150 75
Dawley

Table 10. Maximum level of impurities in the VC used.

Impurity Conen, ppm
H,0 10
Acetic aldehyde 5
Acetylene 2
Allene )
Butane 8
1,3-Butadiene 10
Chlorophene 10
Diacetyiene 4
Vinyl acetylene 10
Propine 3
Methyl chloride 100

Methods and Procedures

For the experiment on VC, as well as for any
other long-term experimental bioassays performed
in our laboratory, the procedure has been always
the same highly standardized and controlled one. In
particular, the following points in our laboratory
standard procedures, should be emphasized.

Compounds. All shipments of VC used were
examined in order to determine whether they meet
the required standards.

Concentrations. The concentrations, particularly
when VC was given by inhalation, were controlled
by continuous gas chromatographic monitoring.

Modalities of Treatment. Treatment was al-
ways performed by the same people. This is par-
ticularly important for gavage, since the animals
become accustomed to the same operator.

Control of the Animals. The conditions of the
animals was checked three times daily. Every two
weeks the animals were examined to detect any
gross changes.

Weight of the Animals. The animals were
weighed every two weeks during treatment and
every eight weeks after the end of treatment.

Duration of the Experiments. In the VC pro-
ject, as in any other long-term bioassays performed
in our laboratory, the animals were kept alive until
spontaneous death.

Autopsy. Full autopsy was performed on each
animal. All parts of the body were explored,
including the central nervous system. Specimens
for histology included the brain, Zymbal glands,
interscapular brown fat, salivary glands, tongue,
lungs, liver, kidneys, adrenals, spleen, pancreas,
stomach, intestine, bladder, uterus, gonads and
any other organ with pathological lesions.

Histology. Specimens were trimmed in the
standard way. Sections were routinely stained with
Haematoxylin-Eosin and, when necessary, with
special techniques.

Histopathological Examination. Allsideswere
screenad by a junior pathologist and then reviewed

Environmental Health Perspectives
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by a senior pathologist. The same classification of  and the gross and microscopic observations were
the lesions were used by all pathologists. classified and coded following our laboratory codes
Classification of Data, All the anatomical sites  (Tables 11-13).

Table 11. Codes of organs considered (sequence).
Code Organ

tude Organ

was al-
= ar.
1als

8 of the

ery two
.ect any

3 were
ent and
ant.

VC pro-
rformed
ve until

on each
<plored,
2cimens
glands,
tongue,
:NCreas,
Is and

in the
ed with
Ve “'ith

‘agwere
viawed

Skin (epidermis and dertnis)
Epidermal appendages
Zymbal glands
Subcutaneous tissues
Mammary glands

Parotid glands
Submaxillary glands
Nasal and paranasal cavities
Oral cavity

Tongue

Lung

Pleurs and pleural eavity
Esophagus

Forestomach

Glandular stomach
Intestine

Liver

Pancress

Peritoneum and peritoneal cavity
Kidneys

Pelves

Ureters

Bladder

Ovaries

Uterus

Seminal vesicles
Prostate

Testicles

Epididymis

Hypophysis

Thyroid
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Adrenals
Cerebrum
Cerebellum
Spinal marrow
Peripheral nervous system: ganglia
geripheul DNErvous system: nerves
yes
Harderian glands
Skeletal muscles (diaphragm not included)
Diaphragm

Pericardium and pericardial eavity
Large vessels

Thymus

Spleen

Axillary and inguinal! lymph nodes
Head-neck lymph nodes
Interthoracic and parathymic lymph nodes
Intrabdominal lymph nodes
Lymph nodes of other sites

Bone marrow

Soft tissues of support
Interscapular fat pad

Trachea

Ear

Female external sex orgens

Male external sex organs
Odontogenic apparatus

Gall bladder

Table 12. Codes of macroscopic changes.

Change

Code Change

No change

Alopecia

Keratosis

Degenerative pathosis
Ulceration

Hyperemis, edema and hemorrhage
Phlogosis (including of abscess)
Pulmonary hepatization
Pulmonary emphysema
Irregular surface

Granulations and plaques
Simple thickening

Thickening of capsule

Fibroaia

In toto reduction

Atrophy

In toto enlargement
Augmentation in consistency

et bt b Dt P ok il ek et
00«3 M dn R et O W oD =M LN da LR e
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Dilatation of organ with cavity
Protrusion of eyeball

Simple cyst

Hemorrhagic cyst

Multiple simple cyst

Multiple hemorrhagic cyst
Polypoid formation
Papillomatous formation and horn
Solid nodule

Hemorrhagic nodule

Cystic mass

Solid mass

Solid necrotic mass
Hemorrhagic mass

Ossifying mass

Serous effusion
Fibrinous-purulent effusion
Hemorrhagic effusion
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UCC 084122




Table 13. Codes of microscopic changes.

Code Change

Code

Change

[l —R -3 KSR RN KR

—

2
23
24
25
26
21
28
29
30
31
a2
33
u
a8
36
37
38
39
4@
41

285 S5:&B
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No changes

Mild regressive changes

Serious regressive changes

Necrosis

Uleer

Arhyloidosis

Hyalinosis

Colloid-cystic degeneration

Calcifications

Emphysema

Vascular changes (hyperemia, dilatation of sinusoids
and other vessels, edema and hemorrhage)
Hematic cyst

Organized fibrinous coagulum

Hemorrhagic effusion

Acute phlogistic changes (including abscess)
Chronic phlogistic changes (also reactive)
Particular granulomatous changes

Phlogistic effusion

Thickening of capsule

Thickening of submesothelial tissues

Fibrosis

Post necrotic fibrosis (comprehemwe of cirrhosis)
Fibrous thickening of vessels

Cystic ectasia of blood vessels with fibrosis
Cystic ectasia of blood vessels with fibrosis and
hyperplasia of perithelial cells

Cystic ectasia of blood vessels with fibrosis and
dysplasia of perithelial cells

Cellular depletion and atrophy (with or without
fibrosis)

Simple cyst

Hemorrhagic cyst

Muitiple simple cyst

Muitiple hemorrhamc cyst

Dilatation of organs with eavity (including
hydronephrosis)

Hyperplasia and squamous metaplasia
Glandular simple and cystic hyperplasia
Diffused parenchymal hyperplasia

Nodular parenchymal hyperplasia

Cortical hyperplasia

Medullary hyperplasia

Hyperplasis of stroma

Reactive hyperplasia

Simple proliferation of lymphontscuhr cells with
myelopoieais

Proliferation of angioblastic cells
Fibroangioblastic proliferation

Proliferation of lipocytes

Proliferation of biliary ducts

Proliferation of rena) tubules and/or of
nephroblastema

Adenomatous hyperplasis

Cholangiofibrosis

Dysplasia (comprehensive of neoplastie parenchymal
nodule of liver)

Simple and cystic glandular dysplasia

Cortical dysplasia

Medullary dysplasia

Dysplasia of angioblastic cells

Papillomatosis

Acanthomatosis

Angiomatosis

§7
38
59
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Fibroangiomatosis

Simple polyp

Polyp with cellular distypias

Papillorna

Fibropapilloma

Acanthoma

Trichoepithelioma

Simple adenoma

Muciparous adenoma

Colloid-cystic adenoma

Exocrine pancreas adenoma

Endoerine pancreas adenoma (Islet cell adenoma)
Chromophobe adenoma

Chromophilic adenoma

Cortical adenoma

Medullary adenoma

Cholangioma

Hepatocellular adenoma or hepatoma

Tumor of granulosa and of theca

Leydig ceil tumnor

QOther epithelial benign tumors

Fibroma

Mixoma

Lipoma

Leiomyoma

Rhabdomyoma

Chondroma

Osteoma

Angioma

Fibroangioma

Ossifying angioma

Other benign tumors of connective tissue
Fibroadenoma

Adenomyoma

Benign tumors of nervous ganglis (ganglioneuroma)
and benign sympathetic tumors of adrenal medulla
Benign tumors of peripheral nerves (neurilemoma)
Carcinoma

Carcinoma with metastases

Basocellular carcinoma

Basocellular carcinoms with metastases
Squamocellular carcinoms

Squamocellular carcinoma with memuus
Transitional cell earcinoma

Transitional cell carcinoma with metastases
Adenocarcinoma

Adenocarcinoma with metastases

Biliary duct adenocarcinoma

Biliary duct adenocarcinoma with metastases
Hepatocellular carcinoma or hepatocarcinoma
Hepatocarcinoma with metastases

Exocrine pancreas adenocarcinoma

Exocrine pancreas adenocarcinoma with metastases
Cortical adenocarcinoma

Cortical adenocarcinoma with metastases
Pheochromoblastoma

Pheochromoblastoma with metastases
Nephroblastoma

Nephroblastoma with metastases

Seminoms

Seminoma with metastases

Melanoma

Melanoma with metastases

Other malignant epithelial tumors

Environmental Health Perspectives
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Table 13. (cont.)

[ Ch‘n‘e

Code Change

1o+ Other malignant epithelial tumors with metastases
141 Mesothelioma
1.2 Mesothelioma with metastases
12, Fibrosarcoma
1.4 Fibrosarcoma with metastases
1.7 Mixosarcoma
12 Mixosarcoma with metastases
! Liposarcoma .
1.~ Liposarcoms with metastases
1.+ Leiomyosarcoma
+  Leiomyosarcona with metastases
1.1 Rhabdomyosarcomas
1’2 Rhabdomyosarcoms with metastases
i + Chondrosarcoma
i +  Chondrosarcoma with metastases
L5 Osteosarcoma
te, Osteosarcoma with metastases
. Angiosarcoma
1= Angiosarcoma with metastases
{4 Osaifving angiosarcoma
liv  Ossfving angiosarcoms with metastases
ti! Angiopericyiosarcoma
112 Angiopericytosarcoma with metastases
4% Other malignant tumors of connective tissue
tii  Other malignant tumors of connective tissue
with metastases o

145 Carcinosarcoma

146  Carcinosarcoms with metastases

147  Neuroblastorna

148 Neurobiastoma with metastases

148 Glioma (astrocytoma, oligodendroglioma, microglioma)

160 Ependymoma

151 Meningioma

152 Malignant tumors of nervous ganglia and malignant
sympathetic tumors of sdrenal medulla

153 Malignant tumors of nervous ganglia and malignant
sympathetic tumors of adrenal medulls with metastases

154  Malignant tumors of peripheral nerves (malignant
schwannoma)

156 Malignant tumors of peripheral nerves (malignant

schwannorna) with metastases

156  Characteristic tumors of eyes

157  Lymphoreticular neoplastic localizations

158  Secondary localizations of tumors from other
anatomical districts

159  Neoplastic effusions

160 Odontoma

161  Chondromatosis

162  Histiocytosis and benign histiocytoma

163  Mesothelial hyperplasia

ror each animal an individua! final card was
jrviared, which included data on experimental
fi-turs, survival, weight at 6, 12, 18 and 24 months,
4'. 1 any gross and microscopic lesions. Samples are
«+ wnin Figures 1 and 2.

Presentation of Pathological Data.  The results
.. VC experiments, as well as those of any other
ervieriment performed in our laboratory, will be
1+ ~vnted in the final report (now in press) with the
=+ types of tables, in the same sequence.

Tru~ type of presentation has been made possible
b "ne knowledge of the basic pathology of the
«.u] used, which enabled us to make an ap-
1" vimated census of the expected lesions.

*ich a procedure permits a quick comparison
atoty the results of different experiments of the
..o project and possibly of the results of projects
=0 .1 ing different compounds.

Intcrpretation of the Data. The data were
~." veted to statistical analysis. Although statistical
it +is provides an extremely important tool for
117 -rpreting the meaning of the results of long-term
b .~-uvs. it should be stressed that there may be
»t. et differences between exposed and control
v .p~ which do not reach statistical significance,
1. these differences could still have meaning
2 ian oncological point of view (particularly in
e case of tumors which are infrequent in the
atinad colony).
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Therefore, the most important data should be
commented on both in the light of the statistical
analysis performed and from a biological point of
view.

The methodological protocol adopted meets the

requirements of the recent Good Laboratory Practice
Act.

Results

Part of these results, namely those dealing with
seven basic experiments on the effects of long-term
exposure to a range of 14 doses by inhalation (from
30,000 to 1 ppm) and of six doses by ingestion (from
50 mg to 0.03 mg/kg bw), on Sprague-Dawley rates,
were presented previously (1, 2).

A report, for limited circulation, dealing with
part of the results has also appeared (3).

The results of the whole project, with detailed
tables, will appear in a monograph which will
encompass data on survival rate, body weight,
regressive and inflammatory changes, benign and
malignant tumors, neoplastic precursors, and the
most important proliferative changes.

With this report we are presenting only tables
summarizing the most outstanding results and
information, and what we do believe to be the

integrative documentation and strictly necessary
comments,

9
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Code
Agent: Viny| chloride XVIIL 1
Experiment No.: BT 6
Group No.. 1 No. animal: 10
Type of exposure Inhalation I1
Concentration. 30,000 ppm 11,1
Treatment protocol: 4 hriday, § dayw V1§

week, 52 weeks

Species: Rat X1
Strain: Sprague-Dawley X1, 1
Sez: Female XII 1
Age at start of experiment (weeks): 17 XIIL, 10

Total dose received:

Age at death (weeks): 85

Period from start of treatmeént (weeks): 68

Weight (g)
6 months: 247

12 months: 278

18 months: 290

24 months:

Ficure 1. Sample treatment protocol card.

Tables 15-31 presented data on the incidence of
the tumors which have been considered as depen-
dent or possibly correlated to VC exposure, in 17
different experiments on the effects of VC in
different animal systems, by different routes, at
different doses and with various schedules of treat.
ment. Explanations of abbreviations used in the
tables are given in Table 14.

The possible leukemogenic effect of VC in golden
hamsters is expressed both by the slight increase in
incidence but more by the decrease in latency time
(from 16 weeks in animals treated at 10,000 ppm to
36 weeks in control animals).

Examples of the most characteristic microscopic
features of these tumors were given in a previous
publication (4).

The data on dose-response relationship in long-
term treatment experiments, by inhalation and by
ingestion, in Sprague-Dawley rats, Wistar rats and
Swiss mice, with reference to the incidence of total
malignant and benign tumors, and the most impor-

10
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tant neoplasias observed, are shown in Tables
32-63.

The striking effect of the influence of scheduled
treatment is pointed out by the results shown in
Table 64,

Examples of the marked influence of the animals .

used in determining the neoplastic response are
shown in Tables 65-67, which point out the effects
of species, strain and age.

Conclusions

VC-dependent tumors are identified on the basis
of one or more of the following parameters:
(a) sharply enhanced incidence; (b) rare or excep-
tional occwrrence in the colony of the animal used:
(c) dose-response relationship; (d) association of
precursor lesions.

From the presented data the following conclu-
sions may be drawn.

(1) VC causes tumors in all the different animal
systems tested.

(2) VC is a multipotential carcinogen, since it
causes tumors of different types in different sites
(Table 68).

(3) Some types of tumors are observed in all the
animals studied, i.e., liver angiosarcoma. whereas
others are observed in only one animal system.

(4) The degree of evidence of correlaiion be-
tween VC treatment and the tumors consicdered as
VC-dependent varies from tumor to tumor.

(5) VC shows carinogenic effects both when
given by inhalation and ingestion and poszibly by
injection.

(6) Both through inhalation and ingestion exper-
iments there is a clear-cut dose-response relation-
ship.

(g) The duration of treatment and schedule of
treatment greatly affects the neoplastic re<ponse.

(8) The neoplastic response, in qualitative and
quantitative terms, is greatly affected by the spe-
cies, the strain and the sex of the animals studied.

(9) Newborn animals appear to be extremely
responsive and easily develop liver tumors, botb
hepatocarcinornas and angiosarcomas.

(10) VC produces carcinogenic effects on em-
bryos via the placenta.

(11) With the above criteria for identifying VC-
dependent tumors, VC shows carcinogenic effects
even at low doses, namely down to 50 ppm and less.

(12) The results of the seven basic experiments
studying the effects of doses of VC as given by
inhalation (BT1, 2, 6, 9, 15), and ingestion (BTIL.
27), have been subject to statistical analysis follow-
ing the Fisher exact probability test (p = 0.03). The
total cancer-bearing animals and the tumors
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18is

LAY changes:
Hfyreopie chang Type Side No.  Code
wJtx Jianeous tissues Hemorrhagic nodule 1 4, 28, D1
Lary Hemorrhagic nodule 11, 28, D12
Pleurs and pleural eavity Hemorrhagic effusion 12, 36
Foresiomach No changes 14,1
Lier Hemorrhage 17,6
Pur-oneum and peritoneal cavity No changes 19, 1
Adrenals Hemorrhagic mass Sn 1 32,8 Ci,D1
Har lerian glands No changes Sn 39. 1. Cl1
I ‘ruthoracic and parathymie In toto enlargement 51, 17
I mph node
M rroscopie changes:
A Type Side No. Code
<.tcutaneous tissues Fibroangioma 4, 86
Lang Secondary neoplastic localization 11, 158
(liver angiosarcoma) (17, 138)
Viv-ara and pleural eavity Secondary neoplastic localization 12, 158
(liver angiosarcomna) (17, 188)
}restomach Papillorna 14, 60
Liver Hepatocarcinoma 17, 1056
Angiosarcoma with metastases 17, 138
'vntoneum and Secondary neoplastic localization 19, 158
pertoneal cavity (liver angiosarcoma) (17, 138)
Adrenals Cortical adenoma Sn 32.7,C1
Hurderian giands Abscess Sn 39, 15, C1
! Intrathoracic and parathymic  , No changes 51,1
I jvmph node

Fi. kg 2. Sample record of macroscopic and microscopic changes.

Table 14. Abbreviations used in tables.*

Al-hreviation

T Tumor
Ca Carcinoma
ke T Epithelioma
I'a Papilloma
Ac Acanthoma
Ad Adenoms

Ad* Adenoma in malignant transformation
MT Malignant tumors (total if not otherwise specified)’
RT Benign tumors (total if not otherwise specified)
LAS Liver angiosarcoma

LA Liver angioma

ELAS Extra-liver angiosarcoma

ELA Extra-liver angioma

Nephro-BL  Nephroblastoma

Neurp-BL  Neuroblastoma

A Angioblastic hyperplasia in liver

At Angioblastic dysplasia in liver

Neop. nod.  Neoplastic nodules of liver

Nud. hyp.  Nodular hyperplasia of liver

Dif. hyp.  Diffused hyperplasia of liver

- - Marked

- - Very marked

“The incidence of total malignant and benign tumours is given

a~ the total number of tumors per 100 animals (one animal may
tear more than one malignant or benign tumor) on the basis of
‘fe tumors observed among the animals alive, when the first
t2mor was observed in the experiment.

The incidence of specific tumour is given, as percent of the
animals bearing the tumor considered, referred to the animals
alive when the first tumor was observed (in parentheses).

October 1981

significantly in excess in these experiments, in
relation to dose, are given in Tables 69 and 70.

The Fisher exact probability test at 95% confidence
is, in relation to the above, not “sensitive” enough,
in our experimental conditions.

Biologieally, in our opinion, the following resuits,
although not statistically significant according to
the test used, shonld be given proper attention.

Extrahepatic angiosarcomas of different sites are
observed at a very low incidence dose in untreated
Sprague-Dawley rats of our colony. Results of
experiments BT1 and particularly BT9, however,
strongly suggest a relationship between these tu-
mors and VC exposure. This relationship is sup-
ported by the excessive incidence of extrahepatic
vascular tumors in mice treated with VC (BT4).

Few cases of hepatomas have been observed in
treated groups, particularly in BT1. This tumor is
exceptionally rare in our colony of animals, and
none have been observed in the control group of the

17 experiments. Moreover the relationship with
treatment is supported by the fact that a high
incidence of hepatomas has been observed in
Sprague-Dawley rats, following neonatal exposure
to a high dose for a short period (BT14).

In view of their rareness or nonobservation in the
colony of animal used, for the following tumors it
should be stressed that attention should be paid to

11
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Table 15. Experiment BT1.*

Animals with tumors, %

Fore- Mm-
Group and Hepa- Nephro- Neuro- Zymbal Skin stomach mary
concentration tomas L BL GlLCa EpT Pa&Ac MT

I . . . ) . 1.7 83 17 267 50 - 5.0
10,000 ppm (1/60) (5/60) (7/30) (16/60)  (3/60) (3/60)
o ' 3 ) . ) 8.5 119 84 17 -
wo?l?pm (5/59) (7/59) (2/59) (1/59)

\ . X 8. § 10.0 . . - 33
2500 ppm (260)
v . . . . ; . , " 8. . 1.7
500 ppm (1 60)
v 30.0 . . X X
250 ppm
VI 15.0
50 ppm
vil
No treatment 133 4.3
(control) (2/58)

‘Exposure by inhalation to VC in air at 10,000, 6000, 2500, 500, 250, and 50 ppm: 4 hr/day, § daysweek, for 52 weeks.
Sprague-Dawley rats, M and F, 13 weeks oid. Results after 135 weeks (end of experiment).

Table 16. Experiment BT2.*

Animals with tumors, %

animals Fore- Mam-
Group and Hepa.- Nephro- Neuro- Zymba! Skin stomach mary
eoncentration MT BT LAS LA ELAS ELA tomas BL BL Gi.Ca EpT PakAc MT

1 35.0 21.7 10.0 33 0.8 0.8 2.5 5.8 - 33 4.2 - 5.0

200 ppm (12/120) (4/120) (1/120) (1/120) (37120) (7/120) W120) (5120) (6 120)
nn 3.0 25.0 5.0 0.8 - 9.2 - 34 3.4 1.7 5.0

150 ppm (6/119) (1/119) < (111119) “4/119) W/119) (2119) (6 119)
I 21.7 215 0.8 0.8 - 8.3 - 0.8 0.8 3.3 3.3

100I {)ypm (1/120) (1/120) (10/120) (1/120) (11120) (4120) (4 120)
No trestment 15.7 21.6 - - 1.1 - 1.1 1.1 1.6 1.0

{control) (2/185) (2185) (2/185) (3/185) (2 185)

SExposure by inhalatien to VC in air at 200, 150, 100 ppm; 4 hr/day, 5 days/week, for 52 weeks. Sprague-Dawley rats, M and F, 13
weeks old. Results after 143 weeks (end of experiment).

Table 17, Experiment BT6.*

Animals with tumors, %

Tumors/100
animals Fore- Mam-
Group and - Hepa- Nephro- Neuro- Zymbal Skin stomach mary
concentration MT BT LAS LA ELAS ELA tomss BL BlL. Gl.Ca EpT PakAc MT

1 100.0 50.0  30.0 1.7 1.7 5.0 1.7 - 1.7 583 1.7 183 3.3
30,000 ppm (18/60) (1/60) (1/60) (3/60) (14601 (1/460) (35/60) (1/60) (11/60) (260)

sExposure by inhalation to VC in air at 30,000 ppm; 4 hriday, 5 days/week, for 52 weeks. Sprague-Dawley rats, M and F, 17 weels
old. Results alter 68 weeks (end of experiment).
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Table 18. Experiment BT9.*
Animals with tumory, %

Tumorsy/100
snimals Fore. Mam.

N l.

Giroun and Heps- Nephro- Neuro- Zymbal Skin stomach mary
c-,;:-:n;t’ntion MT BT LAS LA ELAS ELA tomss BL BL GLCs EpT PadAc MT
! “43 407 4.8 2.7 31 3.7 - 0.3 - 3.1 1.0 0.4 21.7 ’
") 1 ppm (14/284) (8/294) (9/294) (11/294) (1/284) (9/284) (J/284) (1/294) (82'294) :
1} i
Ne treatment 20 240 - - - - - - - - - 1.0 10.2
; tcontrol) . (1/88) (1098)
2 “bv;-~ure by inhalation to VC in air at 50 ppm; 4 hr/day, 5 days/week, for 52 weeks. Sprague-Dawley rats, M and F, 13 weeks old.
) Pe-.l- after 142 weeks (end of experiment).
9 Table 19. Experiment BT15.*
7 Animals with tumors. %
Tumors/100
animals Fore- Mam-
—_ Group and Hepa- Nephro- Neuro- Zymba! Skin stomach mary
ks. toncentration MT BT LAS LA ELAS ELA tomas BL BL GLCa EpT PakAc MT
1 333 583 4.2 0.8 - 2.5 - 0.8 - 3.3 - - 15.0
25 ppm (5120) (1/120) (3/120) (1/120) (4/120) (177120)
] 31.7 533 0.8 - 1.7 2.5 - - - 1.7 - - 17.6
10 ppm «2(1119) 2119) 3119 (2119) (21/119)
11 358 55.0 - - - - - - - 0.8 0.8 - 18.5
— 5 ppm (1119) (1119) (22/119) .
_ e 25 M2 - - - - - - - 08 08 - 127
1 ppm (1/118) (11118) (15/118)
v
No treatment xn3 315 - - - 0.8 - - - 1.7 - - 58
(contro}) . (1/120) (2/120) (7/120)
- “Exjusure by inhalation to VC in air at 25, 10, 5, 1 ppm: 4 hriday, 5 days-week, for 52 weeks. Sprague-Dawley rats, M and F, 13
0 wron= old. Results after 147 weeks (end of experiment).
U] - . Table 20. Experiment BT3.*
Animals with tumors, %
Tumors/100
) animals - Fore- Mam-
! Group and - Hepa- Nephro- Neur- Zymbal Skin stomsch mary
m cuncentration MT BT LAS LA ELAS ELA tomas BL° ' BL GLCa EpT PakAc MT
1 45.0 20.0 - - - 1.7 1.7 1.7 15.5 15.5 8.6 1.7 1.7
10,000 ppm (1758) (1/88) (1/58) (9/58) (/88) (548) (1/58) (1/58)
11 533 250 1.7 - - 3.3 1.7 1.7 200 150 83 33 1.7
6000 ppm (1/60) (2/60) (1/60) (1/60) (12/60) (9/60) (560) (2/60) (1/60)
m 41.7 35.0 1.7 - - - 3.3 3.3 83 11.7 33 - 6.7 .
2500 ppm (1/60) (260) (2%60) (560) (7/60) (2/60) (4/60)
-— v 15.0 35.0 1.7 - - - - - - 1.7 - - 5.0
- 500 ppm (1/%60) (1/80) (3/60)
v 217 25.0 - 1.7 - 1.7 - 10.2 - 1.7 - 5.1 1.7
250 ppm (1759) (1/59) (6/59) (1/58) (3/58) (1/59)
Vi 18.3 25.0 - 1.7 - 1.7 - 5.2 - - 1.7 - 1.7
wvxirim (1/38) (1738) (3/58) (1/38) (1/68)
- Notreatment 147  20.0 - - 0.5 - - - - 1.0 05 - 2.6
) (control) (1/190) (2/190) (11190) (5/190)
- . *Exposure by inhalation to VC in air at 10,000, 6000, 2500, 500, 250, and 50 ppm; & hr/day, 5 days'week, for 17 weeks.
Fpregue-Dawley rats, M and F, 12 weeks old. Results after 156 weeks (end of experiment).
c October 1981 13
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Table 21, Experiment BT10.*

animals
MT BT

Animals with tumors, %

Fore- Mam-
Heps- Nephro- Neuro- Zymbal Skin stomach mary
LAS LA ELAS ELA twmas BL BL GlLCa EpT PakAe MT

na3
80.0
35.8
30.8

45.0
45.0
89.2
45.0

883 508

No treatment 166 410

(eontrol)

0.8 - -
(1/118)
- 0.8 -
(1/120)
0.8 1.7 -
9 @119
2.8 -

. 1.
(@118} 118)
0.8 1.7 -
(1119) (119)
0.8 1.7
(1120) (2120) (1/120)

0.8 0.8 - - 7.6 - 2.5 1.0
(9118) (3/118) (13/118)

0.8 0.8 7.5 - 17 10.8
(17120) (1/120) (9/120) (2/120) (13/120)
- - 7.6 2.5 25 134
(9119) (3119) (3/119) (16.119)
4.2 3.4 1.7 9.3
(6/118) (4/118) (2118) (111118)
0.8 0.8 6.7 0.8 0.8 16.8
(1119) (1/119) (1/119) (&119) (I/119) (1/119) (20.119)

08 - 1.7 0.8 - 1.5 - 0.8 10.0
(2120) (1120 (9/120) (1/120) (12120)

0.4 - - - 0.9 2.2 7.5
ez @a2n (G227 (112

(1/118) (17118}
1.7 -
(2/120)
0.8
an9)

0.8 -

SExposure by inhalation to VC in air at 10,000, 6000, ppm; 4 hr/day, 5 days:week, for 5 weeks (groups I and 1D) or 1 hriday. 4
days/week, for 25 weeks (groups I11 and IV) or 4 hr/day, once weekly, for 25 weeks (groups V and V1) (100 hr), Sprague-Dawley rats,
M and F, 13 weeks old. Results sfter 154 weeks (end of experiment).

-

Table 22. Experiment BTS.*

Tumors/100
animals

Group and

concentration MT BT

Animals with tumors. %

Fore. Mam-
Hepa- Nephro- Neuro- Zymbal Skin stomach mary
tomas BL BL GlLCa EpT Pa&kAc MT

LAS LA ELAS ELA

36.7
2.3
2.2
46.9

1 6.7
10.000 ppm
1I

6000 ppm
I
10,000 ppm
v

6.7
2.6

21.9
6000 ppm

- - - - - 33 - - -
(1730) .

2.0
(1/81)
3.1
(1732

2.0
(151)
6.2
232

5.9 -
(3/51)
- 3.1 - - -
(1/32)

9.8 -
(5/81)
9.4
(3/32)

3.1
(1732)

SExposure by inhalation to VC in air at 10,000, and 6000 ppm of breeders; 4 hr/day for 1 week (from 12th to 18th day of pregnancy).
Sprague-Dawley rats, M and F, 19 weeks old (breeders). Breeders.(groups 1 and 11) and offsprings (groups III and IV). Results after

143 weeks (end of experiment).

Table 23. Experiment BT14.*

Tumors/100

snimals

Group and
concentration MT BT

Animals with tumors, %

Fore- Mam-
Hepa- Nephro- Neuro- Zymbal Skin stomach mary

LAS LA ELAS ELA tomas BL BL GLCa EpT Pa&kAc MT

1
10,000 ppm
(breeders

)
11
6000 ppm
(breeders)
i
10,000 ppm
(newborn)
v
6000 ppm
(newborn)

16.7  86.7

100.0

§5.5

1093 581

23
(1/44)

23
(1/44)

6.8 454
(344) (20/44)

24 476
(142) (20/42)

4.1
(15/44)

24
(1/42)

4.8
(2/42)

4.8
(2/42)

2.4
(1/42)

405 24
(17.42) (142)

SExpasure by inhalation to VC in air st 10,000 and 6000 ppm. 4 hr/dsy, 5 days/week, for 5 weeks (from 1 day to 5 weeks of age).
Sprague-Dawley rats, M and F, 21 weeks old (breeders) (groups | and 11) and newborn (groups 111 and IV), Results after 124 weeks

(end of experiment).
4
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Table 4. Experiment BT?.*

"—H - Tumors/100 Animals with tumors, &
. n m:rmy animaly Fore.
: MT Gienap and Hepa- Nephro- Neuro- Zymbal Skin stomach
¢ noentration MT BT LAS LA ELAS ELA tomas BL BL GLCa EpT Pa&Ac s 3
13 1 500 100 296 - - - - 3.7 11.1 7.4 - -
( 10%8) I8 ppm ®2n azn  @2n @20
(13/120) 11 53:3 20.0 11.5 11 38 3.8 1.7 7.7 3.8 .1 - -
18.4 aemoppm 326) (226) (126) (126) (226) (226) (126) (226) 1
(16119 11 6.7 13.3 12.0 - 4.0 - 4.0 - 4.0 - 4.0 - :
9.3 v ppm (3/25) (1/25) (1725) (1/25) . (1/25) B
(11118) v 3.0 100 107 3.6 - - - 7.1 - - - -
16.8 i ppm : (328) (1728) (228)
'20119) v 138 167 37 - 37 87 - - - - 3.1 -
10.0 23 ppm (127) a1zn  azn 17227
127120 vl 167 67 - = - - - 16 - - : "
# ppm (1/28)
7.5 Vil
17727 N. treatment 15.0 15.0 - - 26 - - - - - - -
T—— teuntrol) (1738)
day, 4 .
¥y rats, N

} v rwsure by inhalation to VC in air at 10,000, 6000, 2500, 500, 250, and 50 ppm; 4 hr/day, 5 days'week, for 52 weeks. Wistar rats, M,
1. v+« i uld. Results after 165 weeks (end of experiment).

Table 25. Experiment BT17.%

Tumors/100 Animals with tumors, %
animals

Fore-
\\n‘ tsroup and Hepa- Nephro- Neuro- Zymbal Skin stomach
Leentration MT BT LAS LA ELAS ELA tomas BL BL GLCa EpT PakAc

1 4.2 2.2 - 1.0 3.0 5.0 1.0 - - 2.0 - -
ippm (199 (399 (599 (1/99) (2/99)
1l
0 N+ treatment 2.0 185 - - - - - - - 3.2 - 1.1
31 tcuntrob)

(3/84) (1/94)
‘Eviosure by inhalation to VC in air st 1 ppm; 4 hrday, 5 days/week, for 52 weeks, Wistar rats, M, 13 weeks old. Results after 134
— w:- -~ iend of experiment).

Table 26. Experiment BT4.*
Animals with tumors, %
—_— Tumors 100 animals Fore-
—_ Girqup and e — Mammary - Skin stomach N
v 1.centration MT BT LAS LA ELAS ELA LungT Ca  EpT  PakAc 4
) I 50.0 96.3 17.8 10.7 1.8 7.1 82.1 23.2 11 1.8
. 14,000 ppm (10/38)  (656) (1/56) W56)  (46/56) (13B6)  (4/86) (1/56) '
1 58.7 100.0 21.7 1.7 1.7 5.0 78.8 13.3 1.7 1.7 :
%)) ppm (1360) (760 (1/60)  (360)  (47/60) 860) (160)  (1/60)
)il 58.3 90.0 27.1 85 13.5 1.7 61.8 18.5 6.8 1.7
2350 ppm (1659)  (5/59) (8/59) (1/59)  (40/59) (8759)  (4/59) (1/59)
v 58.3 108.3 2.3 8.3 1.7 5.0 8.3 133 3.3 -
540 ppm (1460) (5600  (1%0) (360)  (50/60) (860)  (2%0)
v 63.3 98.3 20.0 18.3 5.0 5.0 €8.3 20.0 1.7 1.7
230 ppra (1860) (11/60)  (360)  (360)  (4160) (1260)  (1/60) (1/60)
vl 283 233 1.7 1.7 1.7 83 10.0 20,0 - 1.7
30 ppm

(160)  (160)  (60)  (%60)  (6%80)  (12/60) - (1/60)

No treatment 14.7 14.7 - - 0.7 0.7 10.0 0.7 1.3 -
\ (control) (1ns0) (1180 Qw10 (/1500 (2150)
“Esposure by inhalation to VC in air at 10,000, 6000, 2500, 500, 250, and 50 ppm; 4 hr/day, 5 days/week, for 30 weeks. Swiss mice, M
‘ and F. 11 weeks old. Results after 81 weeks (end of experiment).
October 1981
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Table 27, Experiment BT8.*

Tumors/100 Animals with tumors. %
animals Acoustic Fore-
Group and Hepa- Cholan- Cholan- Duet Skin  Mela- stomach Leukae
conicentration MT BT LAS LA ELA tomas gio-Ca giomas EpT EpT nomas PakAc miast
1 500 3.3 - 33 6.7 - 6.7 13.3 33 23.3 3.3 B3I w7
10,000 ppm (1/30)  (2/30) (2730) (4/30) (1730) (7/80) (1/30) (10730) (5/30)
11 40.0 83.3 33 3.3 - 33 6.7 16.7 -6.7 3.3 6.7 33 20.0
6000 ppm (1/30) (1/30) (130) (2730) (530) (2730) (1730) (2/30) (10/30) (6/30)
1 433 1033 - 6.7 - - - 26.7 3.3 10.0 33 56.7 30.0
2500 ppm (2/30) (830) (1300 (330 (130) (17/30) (9.30)
v 53.3 63.3 8.7 - 3.3 - - 200 100 2.3 - 30.0 16.7
800 ppm (2/30) (1730) (6730) (3/30) (7/30) - (9730) (5730)
Vv 30.0 43.3 - - 33 -~ - 20.0 - 10.0 33 13.3 20.0
250 ppm (1/30) (6730) (330) (130) (430) (630)
Vi 50.0 40.0 - - - - - 2.3 - 30.0 a3 10.0 20.0
Eov;i];m (7/30) (9/30) (1/80) (3/30) (630)
No treatment 20.0 46.7 - - - - - 38.7 - 5.0 - 5.0 13.3
(control) (22/60) (3/60) (3/60) (8/%60)

*Exposure by inhalation to VC in air st 10,000, 6000, 2500, 500, 250, and 50 ppm; 4 hrrday, 5 days/week, for 30 weeks. Golden
hamsters, M, 11 weeks old. Results after 109 weeks (end of experiment).
PLatency time in weeks: Group I, 16.7; Group 11, 27.2; Group 111, 20.8; Group 1V, 19.0; Group V, 22.5; Group V1, 35.3; Group VII,
36.5.

-

Table 28, Experiment BT11.*

Tumors'100 Anirnals with tumors, %
animals Fore- Mam-

Group and Hepa- Nephro- Neuro- Zymbal Skin stomach mary
concentration MT BT LAS (LA ELAS ELA tomas BL BL GLCa EpT PakAc MT
1 387 BO 212 a1 2.5 25 - 2.5 - 1.2 1.2 2.5 5.0
50.00 mg/kg (17/80) (3/80) (2'80) (2/80) (2/80) (1/80) (1/80) (2BO) (480)
I 300 175 125 - - - - a7 - 25 - 1.2 1.5
16.65 mg/kg (10/80) (3/80) (2/80) (1/80) (6/80)
111 10.0 25.0 - - 2.5 1.2 - - - - - - 3.7
3.33@:4(: (2/80) (1/80) (3/80)
Qlive oil 137 225 - - - - - - - 1.2 1.2 - 5.0
{(control) (1/80) (1/80) (4/80)

*Exposure by ingestion (stomach tube) of VC in olive oil at 50.00, 16.65 and 3.33 mg’kg body weight, once daily, 4-5 days-week, for 52
weeks, Sprague-Dawley rats, M and F, 13 weeks old. Results after 136 weeks (end of experiment).

Table 29. Experiment BT21.2

Tumors/100 Animals with tumors, %

animals Fore- Mam-

Group and Hepa- Nephro- Neuro- Zymbal Skin stomach mary
concentration MT BT LAS LA ELAS ELA tomas BL BL GLCa EpT PakAc MT
1 4.7 .3 2.0 - 0.7 - 0.7 - - 3.3 - 2.0 8.0

1.0 mg'kg (8/149) (1/149) (1/149) {(V149) (8/149) (12/149)
I 183 2|0 0.7 0.7 - - 0.7 - - - 0.7 1.3 2.1

0.3 mg/kg (17148) (1/148) (1/148) (11148) (2/148) (4/148)
1 180 338 - - - - - - - - 0.7 0.7 9.3

0.03 z‘z;zlkg (1/150) (1/150) (14/150)

1

Qlive of 160 287 - - - - - - - 0.7 - 1.8 4.7

(contral) (1/150) (150) (7 150)

*Exposure by ingestion (stomach tube) of VC in olive oil at 1.0, 0.3, 0.03 mg/kg body weight, once daily, 4-5 days/week, for 59 weeks.
Sprague-Dawley rats, M and ¥, 10 weeks old. Results after 136 weeks (end of experiment).

®
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Table 30. Experiment BT12.*
Animals with tumors, %

Fore- Mam-
Gr 4 and Hepa- Nephro- Neuro- Zymbal Skin stomach mary
dine LAS LA ELAS ELA tomas BL BL GLCa EpT PakAc MT

1 X - - - - - - - - - 1.8 18
12 mgxd (1/58) (1/56)
I , - - 1.9 - - - - - 1.9 1.9
2 mgx3d. (1/53) (1/83) (1/83)
m - - 18 - - - 1.8 - 5.3
12 mgx2 (1/56) (1/56) (3/56)
v 200 350 - - - - - 3.6 36
1+ mgx] (2/55) (2/59)
v

Ofive oil 83 3.7 86 . -
«eontrol) (2/55)

*b.a: -are by intraperitonea) injection of VC, 4.25 mg in olive oil (1 ml), 4, 3, 2 times, at two month intervals or once only.
s e -Dawley rats, M and F, 17 weeks old. Results after 144 weeks (end of experiment).

Table 31. Experiment BT13.*

Tumors/100 __Animals with tumors, %
ahimals Fore- Mam-
troup and Hepa- Nephro- Neuro- Zymbal Skin stomach mary
duse MT BT LAS LA ELAS ELA tomas BL BL GLCs EpT PagAc MT

1 16.0 173 - - - - - 1.3 - - - - 4.0
4.2&1'»1111[ (1/13) 3/75)
Olive oil 18.3 26.7 1.3 - 1.3 1.3
teontrol) (173 (1775) (1.75)

¥ voeure by subcutaneous injection of VC, 4.25 mg, in olive oil (1 mi). single dose. Sprague-Dawley rats, M and F, 21 weeks old.
Lo .2~ after 145 weeks (end of experiment).

Table 32. Incidence of total MT and BT in Sprague-Dawley rats, in relation to concentration of VC administered by inhalation
for 52 weeks.

Tumors'100 animals

=

Eaperiments Concentration (ppm)

Y
E
g
E

i 30,000
KT 1

-
po S
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COWOI~1WICWNWIO -3
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SZJARBERRBREVAVS]

Controls
BT
BT 2
BT
BT 15
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Table 33. Incidence of LAS, LA, A+ +/+ + + 1 and A+ +/+ + + in Sprague-Dawley rats in relation to concentration of
VC administered by inhalation for 52 weeks.

Animals with tumors and correlated changes %
LA A+ 4/+4+1 At 4/+ 4+ +
M F Total M F Total M F Toal

33 1.7 &7 67 67
33 1.7

g

Concentration, ppm
30,000

—
[
o

10.0
5.0
18.3
13.3
10.0
15.0
ul
12,

10.

8.7 34

—
[ Y- 3

-

o~m3§8§§§§§§§§

s bk
eSS aboam

BT2

Vi rrreEeBEE8ea

—

BT, BT?9
BT 15

N AW O B
WM WWWO WO -

lll??ﬂ????ggg;;
NoOMOoOMO O uWw

Control
BT 1, BT 2,
BT 9, BT 15

n
e

Table 34. Incidence of ELAS, and ELA in Sprague-Dawley rats in relation to concentration of VC administered by inhalation
for 52 weeks.

Animals with tumors. %
ELAS ELA
Cancentration, ppm F Total

30,000

cnusREEEREEEES
NERE-+HL4

A |l
Reo

| e
O

b
>

Controls
BT 1.BT2,
BT S, BT 15

Table 35. Incidence of hepatomas, neoplastic liver nodules, nodular hyperplasia of the liver and diffuse hyperplasia of the liver
in Sprague-Dawley rats in relation to concentration of VC administered by inhalation for 52 weeks.

Animals with tumors and correlated changes, %
Hepatomas Neopl. nod. Nod. hvp. Diff. hyvp.
Concentration, ppm M F Total M F Total M F Total M F Total
7 33 133 83 133 10
T - - - 33 3
.7 33 - 1.7 183 6.
.3 3.
.3 0.
1

-

- 33
33 -
- 3
- &
- 16
33 -

Pt
MO OwWe
coT w2

3
7 - 33 1.7 67 1
7 - - - 1

- 133 67 10.
- - - =3 -
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' i Table 35 (cont.) ]
¥
—_ Animals with tumors and correlated changes, %
T Hepatomas Neopl. nod. Nod. hyp. Diff. hyp.
j;-m— Experiments Concentration, ppm M F Total M F Toal M F Total M F Towl
el BT 2 200 1.7 33 25 33 L7 25 200 132 167 383 183 283
50 i 150 - - - 11 - 08 83 133 108 167 253 208
R:a . 100 - - - - - - 50 233 142 267 133 20.0
3 ! BT1.BT9 50 - - - 05 - 03 133 94 114 28 33 30
o BT 15 % - =« = - = - 150 83 1.7 50 100 175
50 10 - « = = - - 20 50 125 100 67 83
4‘1 5 - - - - - - 17 - 08 - - -
Y 1 - - - - - - 38 - 17 1.7 - o8
;‘6 Corsruls 0 - - - - 04 02 04 08 06 09 29 19
)5 BT 1. BT 2,
‘:2 BT 9. BT 1S 4
7 b
- Tahle 38, Incidence of nephroblastoma in Spnne-mwl;y rats in rkc.lnion to concentration of VC administered by inhalation ;
- or 52 weeks.
.3
Animais with NEPHRO-BL, %
— E\periment Concentration, ppm M F Total
- ; BT 6 30,000 - - -
| BT1 10,000 10.0 6.7 8.3
= 6,000 13.8 3.3 8.5
- 2,500 16.7 a3 10.0
-— 500 6.7 13.3 10.0
- 250 3.4 18.3 8.5 4
; KT 2 200 8.3 33 6.8 ;
- 150 13.3 5.0 9.2 :
{ 100 13.3 3.3 8.3
KT 1. BT 9 50 - 1.1 0.6
RT 15 25 1.7 - 08
10 - - -
5 - - -
1 - - -
Controls 0 - - - b
BT 1, BT2, i
BT 9. BT 16 {
. Table 37. Incidence of neuroblastoma in Sprague-Dawley "5‘2' in r:l:tion to concentration of VC sdministered by inhalation for .
: weeks. -
’ . Animalsy with NECRO-BL, %
' Experiments Concentration, ppm M F Total
BT 6 30,000 33 - 1.7
. . BT1 10,000 6.7 16.7 1.7
! 6,000 4.9 3.3 5.1 '
r 2,500 6.7 8.7 6.7
H 500 - - -
250 - - -
BT 2 200 - - -
150 - - -
100 - - -
BT 1, BT 50 - - -
BT 15 25 - - -
10 - - -
[ - - -
1 - - -
Controls 0 - - -
BT L.BT2 BT9, BT15
October 1981 19
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Table 38. Incidence of zymbal gland carcinomas in Sprague-Dawley rats in relation to concentration of VC administered by

inhalation for 32 weeks.

Animals with Zymbal gland CA, %

Experiment Concentration, ppm M F Total
BT 6 80,000 56.8 60.0 58.3
BT1 10,000 333 20.0 26.7
€,000 10.8 13.3 11.9
2,500 33 33 33
500 10.0 3.3 6.7

250 .- - -

BT2 200 5.0 1.7 33
150 - 6.7 34
100 - 1.7 0.8
BT 1, BT 50 2.3 2.8 2.5
BT 15 25 5.0 1.7 33
10 1.7 1.7 1.7

& - 1.7 0.8
1 1.7 - 0.8

Controls 0 0.9 0.8 0.9

BT 1, BT2 BTH BT15

Table 39. Incidence of forestomach papilloms and acanthoms in Sprague-Dawley rats in relation to concentration of VC
sdministered by inhalation for 52 weeks.

Animals with forestomach Pa and Ac, %

Experiment Concentration, ppm M F Total
BT & 30,000 16.7 20.0 18.3
BT1 10,000 - - -
. 6,000 - 3.3 1.7
2,500 - t- -
500 - - -
250 - - -
BT2 200 - - -
150 3.3 - 1.7
100 3.3 33 3.3
BT 1, BT9 50 1.1 - 0.6
BT 15 25 - - -
10 - - -
5 - - -
1 - - -
0 1.3 0.4 0.9

Controls .
BT 1, BT 2, BT 9, BT 1§

their onset, even at doses below the ones with
statistically significant results.

An excess of Zymbal gland carcinomas is ob-
served down to 50 and 25 ppm.

Liver angiosarcomas are extremely rare in the
colony used (4 cases over several thousand un-
treated animals), Therefore, one must consider the
onset of these tumors as important even at doses
not shown by statistical analysis, and particularly
below 50 ppm (5 liver angiosarcomas out of 120
animals at 25 ppm, and 1 liver angiosarcoma out of

120 animals at 10 ppm), and at 1 mg/kg (3 liver
angiosarcomas out of 150 animals), and at 0.3 mg/kg
(1 liver angiosarcoma out of 150 animals),

The onset of a few nephroblastomas observed
after inhalation treatment at doses below 100 ppm
and in groups treated by ingestion with 50 and
16.65 mg/kg, is not casual in our opinion, given the
extreme rarity of these tumors in rats.

Neuroblastomas have never been observed by
us, up to the present, in the Sprague-Dawley rats
used in our laboratory as control or otherwise
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incidence of mammary malignant tumor in female Table 43. Incidence of ELAS and ELA in male Wistar rats in

Tabie &0 jyeles rats in relstion to concentration of VC relation to concentration of VC administered by inhalation

) '.I.dmmmerld by inhalation for 52 weeks. for 52 weeks.

Concentration, Animals with Animals with tumors, %
Lajormmens ppm Mammary MT, % Concentration,
i Experiment ppm ELAS ELA
Kok 30,000

) 10,000 BT 7 10,000 - -

) 6,000 6,000 : 3.8

v 2, . -

3.7

BT 17 X 5.0.

Controls . -
BT 7, BT 17

Kbl

W~ o
wwaw

om
o

Ll T gl

WWOWId~JOW =1 ~3

-3
»
—

cooco ~oaSRTZSERREE

A ol
thoa

O™ o

treated. Therefore we consider as dependent on
treatment the onset of these tumors, even at doses
below 10,000 ppm, i.e., 6000 and 2500 ppm.

The meaning in oncological terms of the results at
the lowest doses may be better evaluated in consid-
ering, not singly, but together, the tumors found to
s be VC-dependent (Table 71).

None (or no increase) of the specifically VC
Table 11 Incidence of total MT and BT in male Wistar rats in related t“fm“ Shqwn in Table 71, observed in the
relation 1 uncentration of VC administered by inhalation  5even basic experiments, was found at doses of 5
for 52 weeks. and 1 ppm (by inhalation) and 0.03 mg/kg (by

ingestion). ‘

BBEBSancSwmowa

|

] s

Tumors/150 Animals

Concentration,
ppm

5

General Comments

VC long-term experimental study led to- the
discovery of VC carcinogenicity, and as a direct
consequence, to what probably has been the great-
est effort ever made at controlling the exposure to
an industrial carcinogen in the workplace (Table
72).

" Moreover, long-term carcinogenicity bioassays
on VC are a crucial step in the field of environmen-
tal and occupational carcinogenesis which, in turn,

10,000
6,000

85 PSLEREZ
oo NI RDONWO

Tabiv 42 Incidence of LAS, LA, A+ +/4 + + 1 and A+ +/+ + + in male Wistar rats in relation to concentration of
VC administered by inhalation for 52 weeks.

Animals with tumors and correlated changes. %
Enjareears Concentration, ppm LAS LA A+ +i++ 41 A+ +/+++

BT S 10,000 29.6 - 33
6,000 11.5 7.7 -

2 12.0 - 3.3 -

10.7 8.6 33 83
3.7 - 33 -

8.3

{!T 1= - 1.0 1.7 0.8

KT T BT T
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Teble 44. Incidence of hepatomas, neoplastic liver nodules, nodﬁllr hyperplasia of the liver and diffuse hyperplasia of the Jjrer
in male Wistar rats in relation to concentration of VC administered by inhalation for 52 weeks.

Animals with tumors and correlated changes. %

Experiment Coneentration, ppm Hepatomas Neop.nod. Nod.hyp. Dif.hyp.
BT7 10,000 - - 6.7 -
6,000 1.7 8.7 33 6.7
2,500 4.0 - 6.7 6.7
500 - 6.7 - 3.3
250 - - - 16.7
50 -~ - - 10.0
BT 17 1 1.0 - 5.0 4.2
Controls 0 - - 1.2 23
BT 7, BT 17

Table 45. Incidence of NEPHRO-BL in male Wistar rats in
relation to concentration of VC administered by inhalation

Table 47. Ineidence of Zymbal gland CA in male Wistar rats
in relation to concentration of VC administered by inhalation

for 52 weeka. for 32 weeks.
Concentration, Animals with Concentration, Animals with
Experiment ppm NEPHRO-BL, % Experiment Ppm Zymbal gland CA. %
BT 10,000 3.7 BT 7 10,000 7.4
6,000 1.7 6,000 7.7
2,500 - 2,500 -
500 7.1 500 -
250 - 250 -
50 3.6 50 -
BT 17 1 - BT 17 1 2.0
Controls 1] - Controla 0 23
BT 7, BT 17 BT 17, BT 17

Table 46. Incidence of NEURO-BL in male Wistar rats in
relation to concentration of VC administered by inhalation

Table 48. Incidence of forestomach Pa and Ac in male Wistar _ -

rats in relation to concentration of VC administered by

for 52 weeks. inhalation for 52 weeks,
Concentration, Animals with Animals with
Experiment ppm ~ NEURO-BL, % Concentration, forestomach Pa
Experiment ‘ ppm and Ac. &
BT 7 10,000 111
' 6,000 3.8 BT7 10,000 - -
2,500 4.0 6.000 -
500 - 2,500 -
250 - 500 -
80 - 250 -
BT 17 1 - 50 -
Controls 0 - BT 17 1 -
BT 7, BT 17 Controls 0 0.7
BT 7, BT 17

are among the most important areas of public
health nowadays.

These studies have demonstrated that long-term
earcinogenicity bioassays: may predict carcinogenic
risk for humans; may give indication of the level of
risk, in relation to dose; may provide information on

22

possible target organs and, in general terms, on the
quality of neoplastic response; may represent a tool
for obtaining informnation on the relative risk repre.
sented by different compounds, provided that they
are tested under the same standard conditions
(Table 73); have revealed the need to identify
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Table 49. Incidence of total MT and BT in Swiss mice in relation to concentration of VC administered by inhalation for 30

weeks.
Tumors/100 animals
MT BT
Experiment Concentration, ppm M F Total M F Total
BT 4 10,000 16.6 83.3 50.0 83.3 113.3 98.3
6,000 26.7 86.6 56.7 100.0 100.0 100.0
2,500 40.0 76.7 58.3 80.0 100.0 80.0
500 3%.7 80.0 58.3 3.3 113.3 103.3
250 86.7 $0.0 63.3 116.7 80.0 $8.3
50 6.7 50.0 28.3 20.0 26.7 2.3
0 6.2 24.3 14.7 18.7 15.7 14.7

Tahle 50, Incidence of LAS and LA in Swiss mice in relation to concentration of VC administered by inhalation for 30 weeks.

Animals with tumors, %
LAS LA
Experiment Concentration, ppm M F Total M F Total
BT 4 10,000 3.8 30.0 17.8 3.8 16.7 10.7
g% 6.7 36.7 21.7 6.7 16.7 11.7
v 20.7 33.3 7.1 6.9 10.0 85
500 20.0 26.7 23 3.3 13.3 8.3
250 30.0 30.0 80.0 20.0 16.7 18.3
50 33 - 1.7 - 3.3 1.7
0 - —— - - - -

Table 51. Incidence of ELAS and ELA in Swiss mice in relation to concentration of VC administered by inhalation for 30 weeks.

Animals with tumors, %
ELAS ELA

Experiment Concentration, ppm M F Total M F Total
BT 4 10,000 ST sy 18 77 8.1 71
6,000 - 3.3 1.7 6.7 3.3 5.0

2,500 13.8 13.3 13.5 - 3.3 1.7

500 6.7 16.7 11.7 3.3 6.7 5.0

250 6.7 3.3 5.0 6.7 © 3.8 5.0

50 33 - 1.7 3.3 13.3 83

0 - 14 0.7 1.2 - 0.7

Table 52. Incidence of lung tumors (Ad and Ad 1 ) in Swiss mice in relation to concentration of VC administered by inhalation for

30 weeka.
Animals with lung tumors (Ad and Ad 1), %
Experiment Concentration, ppm M F Total
BT 4 10,000 7.9 86.7 821
6,000 76.7 80.0 78.3
2,500 2.1 73.3 67.8
500 80.0 86.7 £3.3
250 80.0 56.7 68.3
50 10.0 10.0 10.0
0 10.0 10.0 10.0
October 1981 23
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for 30 weeks.

Table 53. Incidence of mammary CA in female Swiss mice in
relation to concentration of VC sdministered by inhalation

Experiment

Animals with
Concentration, ppm mammary CA, %

BT 4

10,000 43.3
6,000 26.7
2,600 26.7
500 233
250 40.0
80 40.0

0 14

animal systems more equivalent to humans in
neoplastic response, which in twrn depends on
partly-known factors, such as basic “spontaneous”
tumorigram and enzymatic profiles.

Prospects

At present the most important goal of research
on environmental and occupationial carcinogenesis
is, in our own view, the extrapolation of results

Table $4. Incidence of forestomach Pa and Ca in Swiss mice in relation to concentration of VC administered by inhalation for 30

Animals with forestomach Pa and Ac, %

Experiment Concentration, ppm M
BT4 ' 10,000 - 1.8
6,000 3.3 1.7
2,500 - 1.7

500 -
250 .3 1.7
50 .3 1.7

PRl 0 -

Table 55. Incidence of total MT and BT in Sprague-Dawley rats in relation to concentration of VC sdministered by ingestion for
52 (or 59) weeks.

Tumors 100 animals

MT _BT

Experiment Concentration, mg’kg M F Total M F
BT 11 . 50.00 35.0 425 38.7 20.0 50.0
16.65 25 37.5 30.0 - 35.0
3.33 5.0 15.0 10.0 2.5 4.5
BT 27 1.0 13.3 38.0 2.7 12.0 58.7
0.3 12.0 14.7 13.3 20.0 36.0
0.03 8.0 28.0 18.0 14.7 48.0

Controls

BT 1 0 12.5 15.0 13.7 10.0 35.0
BT 27 0 8.0 24.0 16.0 9.3 48.0

Table 56. Incidence of LAS, LA, A+ +/+ + + 1 and A+ +/+ + + in Sprague-Dawley rats in relation to concentration of
VC administered by ingestion for 52 (or 59) weeks.

Animals with tumors and correlated changes, %

LA

Experiment

M F Toal

BT 1} 50.00 .0
16.65 10.0
.33 -
BT 27 1.0 .3
0.3 -
0.08 -
Controls 0 -

BT 1], BT 27

3.7

U

A++/+++1
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Teble 3. Incidence of ELAS and ELA in Sprague-Dawley rats in relation to concentration of VC administered by ingestion for
' 52 (or 59) weeks.

Animals with tumors, &

Expermer’ Concentration, mg/kg

=
b |

v m——.——— ¥

Total M F

Total
50.00 - 5.0 2.5 25 2.5 25
! BT 11 16.65 - 5_0 .5 - 2... -
‘mh . 3-33 - . 2. - .5 1.2 H
y o 1.0 - 1.3 0.7 - - - 4
enesis | BT 03 - : . D= . :
28ults 0.03 - - - - - .- -
; Cupirds T o1 0 - - .- - - -
n for 30 HT 1] BT 2

» owr.

| 1]

Tahle 5« Incidence of hepatomas, neoplastic Hiver nodules, nodular hyperplasia of the liver, and diffuse hyperplasia of the liver
in Sprague-Dawley rsts in relation to concentration of VC administered by ingestion for 52 (or 59) weeks.

Animals with tumors and correlated changes, %

M
£
Hepatomas Neop.nod. Nod.hyp. Dif.hyp. !
‘ Faer-ont Concentration,mgkg M F Totl M F Total M Total M F Total i
RT 1° 50.00 - 5.0 . .5 17.57 15.0 15.0 15.0 4
16.65 - = = = +« <« 115 300 237 250 3256 2.7 }
— 3.33 - = - 25 - 12 100 200 150 150 &5 28.7 Y
' KT - <F0 13 - 07 18 27 20 67 138 100 67 47 107 -
Vfor ‘ 0.3 13 - 0.7 - 1.3 07 98 67 8.0 - 107 53 N
. 0.03 - - - - - - 40 67 53 - 107 53
Conre v, 0 - - - - 0.9 04 52 61 56 70 87 18
ET 11 BT 27

Tabie 5%, Incidence of NEPHRO-BL in Sprague-Dawley rats
1A riation (o concentration of VC administered by ingestion
for 52 (or 59) weeka.

Table 60. Incidence of NEURO-BL in Sprague-Dawley rats in
relation to concentration of VC administered by ingestion for
52 (or 59) weeks.

Animals with Animals with
NEPHRO-BL, % - NEURO-BL. %

Eaterments

Concentration.mgkg M F  Total Experiments Concentration, mgkg M F Total
' BT 1} 50.00 25 25 2% BT 11 . 50.00 - - -
_ 16.65 50 25 87 ' 16.65 - - -
. 3.33 - - - 3.33 - - -
BT 2T 1.0 - - - BT 27 1.0 - - -
0.3 - - - 0.3 - - -
0.08 - - - 0.03 - - -
. Contruls 0 - - - Controls 0 - - -
! BT 11. BT 27

BT 11, BT 27

from animal to human, both in qualitative and in  on occupationally exposed population groups have
quaniitative terms. been made and are being carried out in different

\'C carcinogenicity may again provide an impor-  parts of the world, particularly in Western Europe
tant 100l towards solving this problem.

and in the U.S.A., with reference to general
We now know a great deal about the effects of  pathology and neoplasias.
' VC in experimental animal systems, bath in quali- If these epidemiological investigations provide
tative and quantitative terms, precise figures on the whole group considered,
' O the other hand, epidemiological investigations  including figures on the level and length of expo-
October 1981
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Table €1. Incidence of Zymbal gland CA in Sprague-Dawley
rats in relation to concentration of VC administered by

Table 63. Incidence of mammary MT in female
Dawiey rats in relation to concentration of V¢

adminisiery
ingestion for 52 (or 59) weeks. by ingestion for 52 (or 59) weeks.
Animals with , Concentration Anumals with
Zymbal gland CA,  Experiment mg/kg mammary MT, ¢
%
BT 11 50.00 00
Experiments Concentration, mg’kg M F  Total lg g 15.0
5.0
BT 11 50.00 2.5 - 1.2 BT 27 1.0 16.0
16.85 25 25 2§ 0.3 5.5
3.3 - - - 0.03 18.7
BT 27 1.0 27 40 33 . Controls :
0.3 - - - BT 11 Q 10.0
0.03 - - - BT 27 0 9.3
Controls 0 - 1.7 0.9
BT 11, BT 27

Table 62, Incidence of forestomach Ps and Ac in Sprague-
Dawley rats in relation to concentration of VC administered
by ingestion for 52 (or 59) weeks.

Animals with fore-
stomach Pa and Ac, %

PR
Experiments Concentration, mgkg M F  Total
BT 11 50.00 50 - 25
16.65 - 25 1.2
8.38 - - -
BT 27 1.0 1.3 27 20
0.3 27 - 1.3
0.03 - 18 07
Controls 0 - 1.7 0.9
BT 11, BT 27

sure (30 as to define homogeneous exposed groups).
and collect all possible available data on pathology.
we shall have an opportunity, unique at present,
compare animal and human data, both in qualitative
and quantitative terms, and to help find a possible
key for extrapolating from animals to humans,

The Cost

With the presentation made in Paris last Noven
ber (2) and with today's report, ten years of work
on our VC experimental project seem to be nearly
concluded. After having presented the results, we
also wish to present the data of the cost of the
project, which cannot be expressed only in financial
terms.

The cost of the BT project of long-term carcino
genicity bioassays on vinyl chloride includes the
cost of (1) the planning and setting-up of experi-
mental apparatus, including inhalation facilities, of

Table 64. Incidence of LAS and Zymbal gland CA in Sprague-Dawley rats in relation to schedule of treatment with VC
administered by inhalation.

Animals with tumors, %

LAS Zymbal gl ca

Experiment VC concentration, ppm Schedule* N F Total M F Towl
BT1 10,000 I 10.0 18.3 11.7 33.3 20.0 26.7
BT3 10,000 11 - - - 17.8 13.3 155
BT 10 10,000 111 1.7 - 0.8 13.5 1.7 1.6
v 1.7 - 0.8 8.5 6.7 7.8
v - 1.7 0.8 a3 10.2 6.7
BT1 6,000 1 10.3 133 2.0 10.3 13.3 119
"BT3 6,000 I - 3.3 1.7 20.0 10.0 15.0
BT 10 6,000 i - - 10.0 5.0 1.5
v 3.4 1.1 2.5 85 - 42
\' - 1.7 0.8 10.0 5.0 1.5

Behedules: (1) 4 hriday, 5 daywwk, 52 weeks; (11) 4 hriday, § dayswk, 17 weeks; (111) 4 hr/day, 5 days/wk, 5 weeks; (IV) 1 hreday. 4

dayswk, 25 weeks; (V) 4 hriday, 1 day/wk; 25 weeks.
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- i in relation to species (male Sprague-Dawley Rats, Wistar rats, Swiss mice and golden hamsters),
Table 63, Incidence of LAS in treated with VC administered by inhalation.

Concentration, ‘ Animals W"-.!L!_-AS,.‘!
b yenmer- ppm Sprague-Dawley rats Wistar rats . Swiss mice Golden hamsters

sed groups.

1 pathology
. present, t
1 qualitative
d a possibl
‘umans.

ast Noven.
ars of worl
~ nearl:

(s, we

-5t of the
in financia

*m carcino
wcludes the

of expen
acilities, of

ent with ¥(

7. BT.. Fos HTB 10,000 10.0 . 3.8
v 6,000 10.3 ,
* 2,500 20.0

3.3
- . 6.7
34 . , -

- N -

atype l.;n;:omlmon in 1971, and the working out of a
- . protocol for long-term bicassays; (2) the study of
e b Inciden 'mbal gland CA in relation to strain : . .

:'.::‘l. ':prl:.'uu li:u‘l,:\z’md \\"imr rats) treated with vC  nearly 7000 animals up to the point of their natural

administered by inhalation. death, equivalent to more than 3,000,000 rodent

days; (3) ten years of work; (4) the routine exami-

Animals with nation of some 200,000 histological slides; (5) a

— ZymbalglandCA. % financial commitment equivalent to more than

¢ oneentration,  Sprague- ! $2,000,000 U.S. at present prices (the average cost

ppm Dawley rats ~ Wistar rats of a rat throughout the world in this type of

oo a3 74 experiment is $300 U.8.); (6) the availability of the

3 10.3 7.7 same team of scientists throughout the entire 10
3
0

years of the project, a prerequisite which may be
difficult or even impossible to ensure in many
countries at the present time; (7) the highly moti.
vated commitment of those scientists to a type of
work which is long-lasting, onerous and often
tedious; (8) the effort involved in maintaining the

6.000

2.500
300 i

250

30

0

Tadle 67 Incidonce of LAS in relation to age (newborn and adult) Sprague-Dawley rats trested with VC administered by
inhalation ¢ hriday, 5 days/week, 52 weeks.

Animals with LAS, %
Newborn rats 11 week old rats
F Total M F Total

Concentration, ppin

M
10,000 25.0 45.0 34.1 1.7 - 0.8
6,000 21.8 50.0 4.5 - - -

Table 88. Tumors presently correlated to VC exposure, by experiments on rodents.

Angio- Seba-  Othe
sarcomas ceous cuta- Foresto-
and an- cuta- neous mach pa-
A'r« Tumors Tumors Lympho- giomas Nephro- epith-  Mam-  pillomas
s omas o of of masand Hepa- of other blasto- i elial mary car-and acan-  Mela-
Mevies T ier beain lung leukemias tomas sites mas tumors ecinomas thomas nomas

!‘.'.' - + + : (+) + +
% - (+) + (+)
-

Harm.ter - (+) (+)
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Table 69. Total cancer-bearing animals significantly in excess Table 72. History of vinyl chloride carcinogenicity Sudia

. by Fisher exact probability test (» < 0.03). o
" ——
Dose level at which total eancer
Sex bearing animals in excesa 196} VC was found to produce liver eniargemex
. and microscopic hepatic degenerative
Male 80,000 changes (5)
10,000 1970 Zymbal gland carcinomas ware reported a
6,000 ' rats exposed to 30,000 ppm of VC, by
2,500 inhalation (6) )
500 1970 An increase in atypias in respirstory calls vy
250 observed among workers heavily exposed x
50 o July 197 XC o of )
ppm 1971 vast project of long-term carcinogenict
60 mg/kg , bioassays on VC wumnedinBemim
Female 30,000 near Bologna, Italy (BT project)
10,000 August 1972 Zymbal gland carcinomas, nephroblastoms
6,000 and liver angiosarcomas were observed in
2,500 rats exposed to VC by inhalation (Malon,
500 BT project)
200 April 1973 The first data of the BT project were releasst
150 to the scientific community: the oncogenic
50 ppm effect was observed up to 250 ppm )
50 mg'kg 1978 Splenomegalic liver disease was found amoy

poly(vinyl chloride) production workers i)
Decemnber 1973  For the first time a case of liver angicsarcoms
in a poly(vinyl chioride) production worker
was correlated to VC exposure (9)
Table 70. Tumors significantly in excess by Fisher exact February 1974  On the basis of the BT project data indicating

probability test (p = 0.03). a carcinogenic effect at 250 ppm, OSHA
1.2 - proposed 2 TLV of 50 ppm
Doses at which tumors February 1974  The BT project data showed that VCisa
Tumor type Sex in excess multipotential carcinogen, producing a
. variety of tumors, in different animal specie:
Zymbal gland carcinoma M 30,000; 10,000 ppm 1974 The BT project data indicated a carcinogenk
) ] F  80,000; 10,000 ppm effect at 50 ppm (20); OSHA proposed nex
Liver angiosarcoma M 30,000; 2500; 200 ppm rtricter rules
50 mg/kg 1974 Early epidemiological observations (paraliet
F  30,000; 6000; 2500; 500 ing the experimental information) indicated
200; 150; 50 ppm an increase in tumors other than liver ango ¢
50; 16.65 mg/kg sarcomas (of brain, lung, liver. hemolympho i
Nephroblastoma M 2500; 200; 150; 100 ppm reticular tissues) among workers of VC-FVC - .
F  500; 250 ppm industries (11
Neurcblastoma F 10,000 ppm 1974-75 BT project data showed that VC had ar
Mammary gland F 150; 50; 25; 10; 5 ppm cinogenic effects in rats also when given by
adenocareinoma ingestion (12)
Forestomach papilloma M 30,000 ppm 1976 In rats of the BT project exposed to VO by
F 30,000 ppm . inhelztion, angiosarcomas were observed

dowa to the level of 25 ppm, and Zymbal
glend rarcinomas down to the Jeve; of 10 ppe

(13
Table 71. Onset of tumors considered VC-correlated at the
lowest doses.
Dose I consistency of the methodology, which has as its
25 ppm Over 120 animals, § liver angiosarcomas, reverse side the limits placed on the exercise of
4 Zymbal gland earcinomas and 1 imagination—the most positive element in scientife
10 pom et ararmale, 1 liver angi life; (9) thebeffort_ invo:ived in establishing and
s Cand 2 2y preserving objectivity and balanee in the evaluation
:&mﬁmom and 2 Zymbal and interpretation of data; (10) and finally, the
1 mgikg Over 150 animals, 8 liver angiosarcomas, strength required to withstand the sense of lonelr
1 ?;r%hmc é",ﬁ'"”";',,’ul, hepatoma, ness axg:iéag from the lack of co-operation of many :‘f
an e ] Bone those bodies which should properly be concern
0amete O.Ja"x lhseopltoma » 1 iver angs m with the progress of science in this field, not
excluding part of the scientific community whost
28 Environmental Health Perspectives (
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‘L of 10 ppm
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Tabie 3. Comparative effects of three related compounds—vinyl chloride (VC), vinylidene chloride (VDC) and ethylene
' dichloride (EDC) on the same animal systems.

Angio-
BArCOmas
and AN ecee———
giomaz Nephro- Adeno-
of other
sites

Angiosar- Tumors Tumors
comas of ofthe of the
liver brain lung

Hepa-

~pecies tomas

Sebe-
eeous

cuta-
neous
earei
nomas

Tumors of
the kidney

Fore-
stomach
cuta- papillo-
neous Mam- mas and

epithelial mary car-  acan-
tumors cinomas thomas

Other

blasto-  carci-
mas nomas

Rat
~rrague-
Trawlev)

(+)

Muuse
=wisk)

Rat
surague-
Dawley)

Mouse
>wiss)

Rat
~orague-
Dawlev)

Eln
Muuze
SWisK)

indiivrence sometimes degenerates into frank hos-
tility.

The kigh costs probably represent the reason
why. in the field of experimental and environmental
carcinosenesis, words overlap facts, opinions over-
lap dira. and meetings and commissions reports
submerye good laboratory work.
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Neoplastic and Nonneoplastic Effects of
- | Vinyl Chloride in Mouse Lung

by Yasunosuke Suzuki*

Neoplastic effects of vinyl chloride were studied in lungs of 27 mice exposed to viny! chloride
monomer at 2500 and 6000 ppm for 5 and 6 months (large doses and long-term exposure).
Pulmonary tumors were observed in 26 of 27 experimental animals. Light microscopy showed the
tumors to be multiple and arranged in either tubulo-papillary or adenomatous formations.
Although occasional mitotic divisions and invaginations into the bronchiolar lumen were
observed, no metastases were found. By electron microscopy, short microvilli, tight junctions
,' between two adjacent cells, appearance of osmiophilic lamellar bodies, large mitochondria of
irregular shape, well developed Golgi complexes, continuous or discontinuous basement

: membranes, occasional appearance of “sequestration” and of crystalloids and lack of both cilia
! and mucous secretory granules were observed as characteristic features of the neoplastic cells.
i Some of the cells wereqpborly differentiated and were equipped with poorly developed organoids,
without formation of osmiophilic lamellar bodies. The pulmonary tumors corresponded to
; “alveologenic™ tumors. It is suggested that the neoplastic cells were transformed from type 11

i alveolar epithelium via its hyperplastic form.
Nonneoplastic effects of the chemical were also studied in the 27 mice. Major light microscopic
! alterations observed were proliferation and hypertrophy of the terminal bronchiolar cells,
. consisting of ciliated and Clara cells, hypersecretion of the epithelial mucin in the goblet cells of
_ both the bronchial and the proximal bronchiolar epithelium, hyperplasia of alveolar epithelium,
' mobilization of alveolar macrophages and occasional presence of peribronchial or bronchiolar
chronic inflammation. Electron microscopically, Clara cells of the terminal bronchiolar
; epithelium showed proliferation of the rough and smooth surfaced endoplasmic reticulum and
appearance of large and abnormally shaped mitochondris. Similar alterations were found in the
' cilisted cells. Submicroscopic changes of pulmonary alveoli were represented by focal thickening
i of the basement membrane, multiple foci of hyperplastic type II cell (the precondition of the
i alveologenic tumor), active discharge of osmiophilic lamellar bodies from the type II cell and
o phagocytosis of the bodies by macrophages, appearance of cholesterol crystalloids in the
i macrophages, degeneration of alveolar septal cells and occasional appearance of a large nucleus

with swelling of the capillary endothelium.

The neoplastic effect of viny! chloride of smaller doses (100, 10, 1 and 0 {control] ppm) and
shorter exposure (four weeks) was studied in lungs of 120 mice. Our preliminary observation
indicated that sacrificed animals at 40 weeks after the exposure showed productions of the
alveologenic tumor in 5 of 9 (100 ppm), 20f 9 (10 ppm), 1 of 9 (1 ppm) and 0 of 10 (control = 0 ppm).
A dose-response relation was considered in the incidence of the alveologenic tumor production of
vinyl chloride. It is concluded that mouse lung is an extremely sensitive indicator of the
oncogenicity of vinyl chloride.

Introduction exposure among workers in vinyl chloride potymer-
\ ) ization plants (1-7). A risk of lung cancer has also
Hepatic hemangiosarcoma has been accepted asa  been reported among the workers on the basis of
serjuus health hazard associated with vinyl chloride  epidemiological studies (8,9).
Experimental studies in rats, mice, and hamsters
have shown that, in addition to liver, various

*Environmental Sci Laboratory, De t of Com- : :
mus.ty Medicine and Departraent of Pathology. Mount Sinai  OY8ans such as lung, brain, breast and skin, includ-

r—— .

| Sk ol of Medicine of the City University of New York, One  ing sebaceous glands, were involved in induction of
' Gu:iave Levy Place, New York, N.Y. 10029. primary neoplasia by vinyl chloride. Although a
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number of studies have demonstrated that pulmo-
nary tumors can be induced by vinyl chioride in
mice, the significance of such occurrence and the
nature of the tumors have not yet been appropri-
ately explored (10-17).

The occurrence of the nonneoplastic pulmonary
abnormalities among vinyl chloride polymerization
workers has been reported on the basis of chest
x-ray (18), pulmonary function (19) and smear
cytology (1) of the worker's sputum. No histo-
pathological evaluation of the abnormalities has
been reported.

It is believed that a relationship between lung
cancer and vinyl chloride exposure exists from
epidemiological studies (6,8,9,20). A high incidence
of pulmonary tumors in mice exposed to vinyl

chloride has been reported by several investigators
(10-15). However, the nonneoplastic pulmonary
effects of the chemical have not been completely
explored. We have, therefore, undertaken detailed
light and electron microscopy of the mouse lung, to

characterize the neoplastic and nonneoplastic pul-
monary effects of vinyl chloride.

Materials and'Methods

- Twenty-seven CDI Charles River white strain
male mice, 4 to 5 weeks old at first exposure, were
used. All of 27 mice used for this study were alive
until they were sacrificed at three separate stages,
The mice that died in the course of the experiment
were excluded from the study. Group I consisted of

six animals exposed to vinyl chloride at 2500 (three -

mice) and 6000 (three mice) ppm/hr, 5 hr/day, 5
days/week, for 5 months. They were then kept for 6
days without exposure before sacrifice. Group II
included 13 mice exposed at 2500 (seven mice) and
6000 (six mice) ppm for 6 months and were kept for
an additional 2 days for recovering before sacrifice.

Ficure 1. Two pulmonary turnors induced by viny! chiand

are seen in the peripheral part of a mouse lung (2500 ppm iz
group 111). Hematoxylin and eosin; 64 x.

Group III included eight animals (seven at 25
ppm and one at 6000 ppm) which were exposed to
viny} chloride monomer for 6 months followed bya
37-day recovery period. The inhalation exposures
were accomplished at the Industrial Bio-Test Labo-
ratory, Northbrook, Illinois. In addition to the
experimental animals, 16 mice (four for group L
four for group 1I, three for group III, and five
which were 12 months old) were used as controls.
To study the pulmonary effects of the chemical at
smaller doses with shorter exposure, 120 mice of
the same strain, sex and age were prepared. These
animals were divided into four groups (30 mice in

Table 1. Pulmonary tumor production in CD1 male mice with lower doses of VC and shorter exposure (4 weeks).*

1st sacrifice (immed- Between 1st and Znd sacrifice Between 2nd and 3rd sacrifice
VC dose, ppm intely after dosing) 2nd sacrifice (12 weeks) 3rd sacrifice (40 weeks)
100 0P LTS 0g® o 59°
(N = 30)
10 010 01 o o 2.
(N = 30)
1 P oot 01e 19°
(N = 30)
0 o/10° one % 010°
(N = 30)
‘Reported as pulmonary tumor-bearing mice/total number of mice.
. YSacrificed

‘Found dead.
32
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2 Neoplastic cells stained with PAS. An arrow
irdicas » fine PAS-positive matemal digested by diastase.
The arvow labeled M shows an abnormal mitesis (2500 ppm in
groa D 360 %,

each yroup) and were exposed to the chemical for 4
wechs o) hr.day, and 5 days/week) at 100 ppm, 10
ppm. 1 ppm and O ppm (control). The low dose
exposures were performed at the Toxicology Re-
search Luboratory, Health and Environmental Sci-
ences. Dow Chemical U,8.A. As shown on Table 1,
these unimals were sacrificed at three different
periods: immediately after, 12 weeks after and 40
weeks i.fter exposure to the chemical. Six (four 100
ppm. une 10 ppm, and one control) were found dead
between the first and second periods, and three
(one 10 ppm, one 10 ppm and one 1 ppm) were
found dead between the second and third periods.

Lungs were examined under a dissecting micro-
scope afler the organs were removed from sacrificed
animals, to determine whether macroscopic ab-
normulities including tumor production were pres-
ent.

For light microscopy, the organs were fixed in
107 neutral buffered formalin and embedded in
paraffin after dehydration in alcohol. Sections
(5-6 um) were made and stained with hematoxylin~
eosin, Masson's trichrome, Weigert's silver, per-
jodic acid-Schiff's (PAS) with and without digestion
by diastase, elastin and Van Gieson's picrofuchsin
technique. For electron microscopy small pieces,
smaller than 1 mm?, were taken from both puimo-

October 1981

nary tumors and nonneoplastic pulmonary tissues
and were fixed in 1% phosphate-buffered osmic acid
at pH 7.2.7.4 for 2 hr or in 2% paraformaidehyde
fixative followed by the osmic acid. After alcohol
dehydration, the blocks were embedded in epoxy
resin. Ultrathin sections were obtained with an LKB
microtome. The sections were stained with uranyl
acetate and lead. A Siemens 101 electron micro-
scope was used for ultrastructural observations.

Observations

Neoplastic Effects of Vinyl Chloride at
Heavy Doses and Long-Term
Exposures

Gross Anatomical Findings. Pulmonary tu-
mors were observed in all experimental mice except
one from the 6000 ppm series of group 11 (26 of 27).
None were found in 16 controls. These tumors were
round, whitish in color, muitiple in number and
variable in size from 1 to 5 mm in diameter, No
metastases to regional lymph nodes or other organs
were observed. Neither parenchymal fibrosis nor
fibrotic adhesions of the pleura were detected.

Light Microscopy. As shown in Figure 1, the
tumors were usually seen in the peripheral part of
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Figure 3. Hyperplastic pulmonary cells are seen beneath the
visceral pleura of s mouse lung (2500 ppm in group 11I).
Hematoxylin and eosin; 430 x .
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Figtre 4. Low-power electron micrograph of a well-differentiated pulmonary tumor. Arrows indicate
junctional structures between neoplastic cells. B, Basement membrane (2500 ppm in group I11), 00,

7900 x ,

lung parenchyma, although occasionally tumors were
found in more proximal parts of the lung. No direct
connections of the tumors with bronchi or bronchi-
oles were observed. The neoplastic cells were ar-
ranged in various ways, such as tubulopapillary and
adenomatous forms. Pleomorphism and atypical
structures were not striking. However, sometimes
abnormal mitoses were observed, as shown in Fig-
ure 2 (arrow labeled M). The nuclei were round in
shape and small, and chromatin was generally finely
distributed. Nucleoli were generally poor in devel-
opment. Two different types, eosinophilic and ba-
sophilie, were distinguished in the neoplastic cells.
Some of the cells stained with PAS, and the sub-
stance so stained was digested by diastase, sug-
gesting that it was glycogen. The neoplastic tissue
was not encapsulated by connective tissue. Often,
air spaces separated neoplastic tissue from normal
tissue. Although malignant invasion, such as de-
struction of preexisting tissue, was not observed in

4

the animal lungs, invagination of the neoplastic
tissue into bronchiolar air spaces was detected in
instances of extremely large tumors. Collagen and
reticular fibers showed little development in the
neoplastic tissues. In addition to neoplastic chang-
es, as shown in Figure 3, focal and multiple hyper-
plastic changes of the alveolar lining cells were
noted in lungs exposed to vinyl chloride. In Figure
3, the hyperplastic cells are seen just beneath the
visceral pleura. Since the lining cells beneath the
thin connective tissue of the visceral pleura are
known to be alveolar epithelium, the hyperplasti
cells are assumed to be alveolar epithelial celk.
Hyperplastic cells are also found in the deeper pan
of lung parenchyma. Occasionally, neoplasia and
hyperplasia coexisted in the same lobe of the lung.
and the distinction between neoplastic and hyper-
plastic cells with confidence was not always clear.
as some cellular similarities were found betweer
the two. Identification of the cell types of both
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Ficvre 5. Differentiated neoplasm seen in the animal lung shown in Fig. 3. Formation of the tubular lumen

and microvilli is poor. 0s0,; 6500 x .

neaplastic and hyperplastic cells with confidence
wa~ 10¢ feasible at the level of light microscopy.
Elcctron Microscopy. Figure 4 is derived from
nevplustic tissue of the tubulo-papillary form. Ul-
tra~tructural characteristics of the neoplastic cell

included microvilli, large, round, or rod-shaped mi-

tochuialria, well-developed Golgi complexes, and
o=m1philic lamellar bodies. Junctional structures
tarrows in Fig. 4) between adjacent neoplastic cells
and 2 basement membrane (B) were usually ob-
semveud. Figure 5 was derived from an adenomatous
area wthe tumor. Neoplastic cells had poorly formed
tubul.r lumens and microvilli and were smaller
than those shown in Figure 4. However, other
ultra~tructural characteristics, such as mitochon-
gh'ia. (Golgi complexes, and osmiophilic lamellar bod-
ies. were almost identical in the two. Irregular
arratpements of mitochondrial eristae were fairly
comxion, and mitochondria were often wrapped by
well-ivveloped, smooth-surfaced endoplasmic reticu-
lum ' Fig. 6). Some of the neoplastic cells contained
c¥toplasmic compartments formed by membrane
structures (Fig. 7). The occurrence of such com-
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partments has been reported by Svoboda (21), who
made electron microscopic observations on the neo-
plastic cells in mouse pulmonary tumors induced
spontaneously or by urethane. Occasionally, crys-
talloid structures were observed in the cytoplasm
of the neoplastic cells (Fig. 8). The above described
neoplastic cells were quite similar in ultrastructure
to type II alveolar epithelium. Capillaries in the
neoplastic tissue consisted of single layers of
nonfenestrated endothelium as seen in the normal
alveolar capillary. In addition to well-differentiated
neoplastic cells, poorly differentiated ones were also
recognized (Fig. 9). As seen in Figure 9, the cells
were cuboidal or cylindrical in shape and lacked
formation of osmiophilic lamellar bodies. Mitochon-
dria were small in size, although the cells were
relatively rich in rough-surfaced endoplasmic retic-
ulum. These cells seemed to correspond to the
basophilic ones observed by light microscopy. Ex-
cept for the lack of & large amount of glycogen,
these cells resembled immature alveolar epitheli-
um, as observed in fetal lung in late gestation.
Neither cilia nor mucinous secretory granules were
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Ficure 6. Part of the cell cytoplasm of a neoplastic cell. The Fictre 7. Intracytoplasmic compartments formed by mem-
arrow indicates irregular mitochrondrial cristae (2500 ppm in brane structures (2500 ppm in group III). 0sO,; 20. 000 x.
Group III). 0s0,; 29, 400 %,
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Ficure 8. Crystalloid structure seen in the cytoplasm of a neoplastic cell (2500 ppm in group I11). 0s0,;
30,000 x .
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Figure 9. Poorly differentiated neoplastic cells. No osmiophilic lamellar bodies are observed (6000 ppm in
group II). 0s0,; 5200 x _
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Ficure 10, Hyperplastic type II cells are lustrated. Group 1; 6000 ppm; 0s0,; 5300 x,
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Ficvre * 11.  Light microscopy of a bronchiolo-alveolar area,

Arrows indicate the site of transition between the respira-
tory bronchiole and the alveolus. Control mouse; Masson's
trichrome staining; 420 x.

observed in the neoplastic cells. Based on these
findings, it was strongly suggested that the neo-
plastic cells were derived from the alveolar epithe-
lium, particularly from type II cells. A hyperplastic
pulmonary alveolus js illustrated in Figure 10,
Electron microscopically, aspects of the hyperplastic
cells were evidently those of type 11 alveolar cells,
although they showed some differences in ultra-
structure from the normal type II cell. Mitochon-
dria were large in size and irregular in shape, and,
occasionally, retention of huge osmiophilic lamellar
bodies was noted in the cell cytoplasm. Cristae
- mitochrondriales were arranged irregularly, and
well-developed endoplasmic reticulum was frequently

38
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Ficrre 12, Proliferated and hypertrophic bronchicles. Des
quamated bronchiolar epithelial areas are illustrated. Mas-
son's trichrome staining; Group 1; 2500 ppm, 420 .

seen in the cytoplasm. Early stages of the mem-
brane formation responsible for “cytoplasmic com-
partments” were observed in the hyperplastic cell
In many respects, the hyperplastic type 11 cell is
assumed to be the precursor of the neoplastic cell
An intermediate form between type I and II cells
was frequently observed in the hyperplastic pul-
monary alveoli. The arrow in Figure 10 indicatesa
part of the cell cytoplasm which may represent a
transitional form between type I and 11 cells. Though
the secretory granules were observed in the neo
plastic cells, based on these findings, it was strongly
suggested that the neoplastic cells were derived
from the alveolar.

Environmental Health Perspectives
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Fisirr 13, Hypersecretion of epithelial mucin in bronchial
epitheiam. Arrows indicate mucinous substance stained
with 'A%, Group 111; 6000 ppm, 420x.

Nonncoplastic Effects of Vinyl Chloride
at Heavy Doses with
Long-Term Exposure

Light Microscopy. In the bronchi and bronchi-
oles. a: a common finding in the treated animals,
proliferation and hypertrophy of the bronchiolar
epithelium were noted. As shown in Figure 11, the
terminu! and respiratory bronchioles of the control
mice wcre relatively simple in structure and the
transiti-nal point (arrows) of the respiratory bron-
chiole ir:o the alveolus was easily distinguished. To
dxfferemiate the two areas, we found that Masson’s
tnichrome was a useful stain, since the cytoplasm of
the brunchiolar cells was stained an intense brown
red. Thie bronchioles of all the animals treated with
vinyl ¢hloride monomer showed proliferation, and
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Ficvre 14. Hyperplasia of alveolar epithelium is shown.
Hematoxylin-eosin: Group 111: 2500 ppm; 670 x .

cellular hypertrophy, through the degree varied
among the animals (Fig. 12). The proliferated cells
were irregular in arrangement (Fig. 12). Frequent-
ly, hypersecretion of epithelial mucin in goblet cells
of the bronchi as well as the proximal brenchioles
was observed (Fig. 13, arrows). It was noteworthy
that those alterations were still found in the ani-
mals of group 111, which had a recovery time of 37
days after vinyl chloride exposure. Chronic inflam-
matory changes represented by marked lympho-
cyte infiltration into the perivascular and peribron-
chiolar connective tissue were seen, particularly in
group 111, :

The most significant finding in pulmonary alveoli
was a high incidence of alveologenic tumors in the
treated mice, as stated before. In addition to the
neoplasm, multiple foci of hyperplastic alveolar epi-
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Figure 15. Largeclear macrophages (foam cells) as well as

small basophilic macrophages are seen inthealveolarairspaces.

Hematoxylin-eosin: Group III: 2500 ppm; 420 x .

thelium (Fig. 14), which were strongly suggestive
of being preneoplastic for alveologenic tumors (22),
were frequently observed. Mobilization of alveolar
macrophages in the alveolar space was fairly com-
monly seen in the three groups of animals (Fig. 15).
In several cases, foam cells were markedly accumu-
lated in alveolar space (Fig. 16). Two animals in
group 111 showed bronchopneumonia-like changes.
As shown in Figure 17, coexistence of the prolifer-
ated bronchioles with alveologenic tumors (arrow)
was frequently observed.

Electron Microscopy. The epithelium of the ter-
minal bronchiole consists of the Clara cell (nonciliated)
and ciliated cells; it lacks mucous-producing cells ifr
the mice. Both cell types are illustrated in Figure
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Figere 16. Striking accumulation of a large number of fox~
cells. Hematoxylin-eosin: Group 111; 6000 ppm: 420x.

18, obtained from a control mouse. Clara cells lack
typical microvilli and their apical portion presenta
dome-like shape (Fig. 18). The smooth-surfaced
endoplasmic reticulum and Golgi complex were wel
developed. Mitochondria were generally round in
shape and their cristae were few in number (Fig.
18). Two distinct granules, a beadlike structur
(electron-dense; the long axis was 1.6-0.2 um)andi
round phagolysosomal granule (electron-dense o
opaque; 0.6 x 0.6 um in size) were observed in the
cells. It is noteworthy that the ultrastructure of the
cell is not identical among animal species and, fu-
ther different fixation methods result in differen
structural appearances of the endoplasmic reticv-
lum in the cell.
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Fiorr 17 Pan of lung tissue showing coexistence of the

alved o tumor (arrow) with the proliferated bronchiole,

Mas~cr. - ~richrome staining: Group I: 6000 ppm; 170 x .

The cxtoplasm of the ciliated cell was relatively
¢lear unid it contained rod-shaped mitochondria with
cristae 1Fig, 18). Cilia and microvilli were seen in
the cell ~urface (Fig. 18). The two distinet granules
Were also uccasionally seen in the cell. Ultrastruc-
tural chui:ges seen in those cell types of the treated
mice are deseribed below.

_ Alow-power view of the proliferated bronchiole
is illustrited in Figure 19, Hypertrophic Clara cells
frequently included dark cells rich in rough-surfaced
endoplizmie reticulum and free ribosomes. The cell
was usually large and its shape was occasionally
irreular. Deep interdigitation of the lateral cell
membrines of two adjacent cells was occasionally
observed. Golgi complexes were well developed,

Octoher 1981

and the two distinct granules described above were
increased in number in the cytoplasm. The dark
round granules are shown in Figure 19. Although
smooth-surfaced endoplasmic reticulum of the nor-
mal Clara cell was generally vesicular (with a single
osmic acid fixation as used in this study, though
this cell organeid is cisternal with double fixation by
glutaraldehyde and osmic acid), the hypertrophic
cells contained various forms of the organoid and
the transformation of the rough surfaced endoplas-
mic reticulum into smooth-surfaced endoplasmic re-
ticulum was easily observed (Fig. 20). Mitochondria
of abnormal shapes and large size occasionally ap-
peared. Cristae were rather clearly shown in such
abnormal mitichondria (Fig. 21).

Ciliated cells were also involved in the prolifer-
ated alteration. The shape of the cells was occasion-
ally irregular. Golgi complexes were sometimes
well developed and phagolysosomal granules as well
as round dense granules frequently appeared in the
cytoplasm (Fig. 22). Large round mitochondria in
which c¢ristae were fewer in number were seen. In
some ciliated cells, the rough and smooth surfaced
endoplasmic reticulum were markedly developed
(Fig. 22).

Although light microscopic observations failed to
detect details of damages in the pulmonary alveo-
lus, various ultrastructural alterations of the alveo-
lar cells were revealed by electron microscopy.

Mobilized alveolar macrophages were rich in
phagolysosomal granules, as shown in Figure 23.
Other cell organelles were also well developed.
Basophilic macrophages contained a large number
of free ribosomes as well as the rough-surfaced
endoplasmic reticulum, while clear macrophages -
were represented by intracytoplasmic osmiophilic
lamellar bodies (Fig. 23) which seemed to be phago-
cytosed from the alveolar space. Occasionally, cho-
lesterol crystalloids were found in the macrophages
(Fig. 24, arrows).

As shown in Figure 10, hyperplastic alveolar
epithelium consisted of type II cells, precursors of
alveolar tumor (15). The evolutional process of the
neoplastic transformation has been reported (135).
Deformation of the cell shape, appearance of giant
mitochondria with abnormal cristae, retention of
large osmiophilic lamellar bodies, early introcyto-
plasmic “sequestration,” and occasional huge lipid
granules were observed. Microvilli of the cell sur-
face were frequently decreased in number. These
alterations were observed in almost all mice ex-
posed to vinyl chloride, regardless of difference in
dose and duration of recovery time.

Swelling .of the cytoplasm and appearance of ly-
sosomal granules were occasionally observed in type
I cells. Transformation of the type I cells into the
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FiGure 18. Part of the terminal bronchiole. Clars cells and ciliated cells are illustrated. Control mouse:

080,; 6700 %,

type 11 cells was suggested, since intermediate cell
types between the two were found on the alveolar
lining.

Focal thickening of the basement membrane was
commonly seen (Fig. 25). Sometimes, the thickened
basement membrane showed a fibrillar appearance
(“f” in Fig. 26) and contained cell debris (arrows in
Fig. 26) which seemed to be derived from alveolar
septal cells.

In additidn to swelling of the cytoplasm, lyso-
somal granules and a Jarge nucleus (Fig. 27), seg-
mented or nonsegmented, were sometimes observed
in the alveolar endothelium.

Alveolar septal cells frequently showed hyper-
trophy (h in Fig. 28) and degeneration (arrows in
Fig. 28). In some cases, focal reticulosis was ob-
served in the alveolar septum.

From these light and electron microscopic stud-
ies, mouse lungs exposed to vinyl chloride at 2500

42

and 6000 ppm for 5 and 6 months clearly showe
nonneoplastic pulmonary changes in both bronch:-
lar and alveolar cells. Since these findings weren
detected in control mice, they are considered r
lated to vinyl chloride.

Neoplastic Effects of Vinyl Chloride at
Smaller Doses with a Shorter Exposure

Detailed studies on pulmonary effects of vin:.
chloride at smaller doses (1, 10 and 100 ppm) withs
shorter exposure (4 weeks, 5 hr/day, 5 days/ wed
are still in a process of analyses in 90 mice. Howe:-
er, as shown in Table 1, our preliminary study th"
involved gross anatomical and histological obsen#
tions revealed that alveologenic tumors were I
duced in 5 of 9 (100 ppm), 2 of 9 (10 ppm) and 1of*
(1 ppm), while the tumor was not seen in 10 controk
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FictRe 19. Proliferated bronchiolar epithelium. Group 1: 6000 ppm; 3300 x.

w ppme 0 40 weeks after vinyl chloride exposure.
Sua- and 1 Lumber of the induced tumors were generally
smaller 1.0 those of the tumors produced by the
chemica: o larger doses (2500 ppm and 6,000 ppm)
and loryor exposure (5 and 6 months).

A dosv response relation was suggested in pro-
duction 7 alveologenic tumor.

Discussion

Exnerimental studies (10-17) on the oncogenicity
of vimy} chloride have revealed that the monomer
can induce various neoplasms including hepatic
hemanciosarcoma (rat, mice, hamsters), Zymbal
gland carcinoma in the external auditory meatus
trat~, beast cancer (mice), nephroblastoma (rats),
“lung i lenoma” (mice), skin trichoepithelioma (ham-
sters', lymphoma (hamsters) and forestomach pap-
illoms +hamsters). Evidence of the pulmonary on-
cogenionty of vinyl chloride in animals has been
obtained. Viola et al. (16, 17) have reported that
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rats exposed to vinyl chloride exhibited lung cancer
(32%). Histological features of the cancers were
stated to be those of adenocarcinoma, with the
exception of a single epidermoid tumor. Maltoni
and Lefemine (13,14), however, reviewed the histo-
logical slides of Viola et al. and stated that the lung
cancers reported by the latter were not primary
tumors of the lungs, but metastatic cancers from
Zymbal glands. Maltoni and Lefemine (13,14) also
have reported on the pulmonary oncogenicity of
vinyl chloride on the basis of their own data. Though
they could not find bronchogenic carcinoma in rats,
rare pulmonary hemangiosarcomas and fibrosarcomas
were induced in these animals. Unlike the case in
rats, pulmonary tumors (“adenomas”) were found
in mice (89 of 471). Maltoni and Lefemine (13,14)
noted that some of the adenomas underwent malig-
nant transformation. Keplinger and associates (11)
have found “alveologenic adenomas” in the lungs of
mice exposed to vinyl chloride (44 of 49). Lee and
associates (12) have stated that “bronchiolar ade-
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FicvRe 20. Part of the cytoplasm of a Clara cell. Various
profiles of the endoplasmic reticulum are seen. Group I: 2500
ppm; 21,000 x

noma” developed in mice 2 months after exposure
to vinyl chloride at 50-1000 ppm. Holmberg and
assoclates (10) found “alveologenic adenoma” in 13
of 24 mice exposed to vinyl chloride at 50 ppm for
24-52 weeks. Our present study has also confirmed
that pulmonary tumors are induced by vinyl c¢hlo-
ride of both the large doses (2,500 and 6,000 ppm)
with long exposure (5 and 6 months) and the smaller
doses (1, 10 and 100 ppm) with a short exposure (4
weeks).

Based on all the data available, it can be con-
cluded that mouse lung is an extremely sensitive
organ for demonstrating the oncogenicity of viny!
chloride. Gross anatomical and histological aspects
of the tumors in our investigation corresponded to
the “alveologenic tumor or cancer” of Steward et al.
(22-24). The alveologenic tumor has been induced
by various carcinogens (22-28), such as polycyclic
hyvdrocarbons, urethane, nitrogen mustard, methyl-
cholanthrene, and nitrofur derivatives and is known

“

Ficure 21, Irregular shaped mitochondria with cristae in th
cytoplasm of a Clara cell. Group I: 6000 ppm; 0=0,; 12.600+

to occur spontaneously with aging (6,29,30). Th
cancer induced has been distinguished from tha
oceurring spontaneously by multiple primary foc.
occasional formation of huge tumors, and occur
rence without any relation to aging. It is also knowr

that in certain strains, such as A and DD, sponts-

neous tumors are quite common after 10 to I

months of age. Spontaneous pulmonary tumors cout
be excluded in our experimental animals; in add:
tion to the above-mentioned points, neoplastic change
in the lungs were absent in the controls.

Electron microscopically, alveolar epithelium, pa-
ticularly the type II cell, was assumed to be th
precursor of vinyl chloride-induced tumor in th
mouse Jung. This assumption was derived fror
ultrastructural similarities between the normal tyx
II cell and the neoplastic cell. Similar suggestio®
have been made by other investigators (21, 28.J!
after studying pulmonary tumors induced by ager-
other than vinyl chloride.
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Fiovre 22, Two ciliated cells of a terminal bronchiole. Irregular shaped mitochondria, a well developed
Goigi area, round dense granules and phagolysomes are shown. Group I: 6000 ppm; 0s0,; 9800 x .,

It wa~ noteworthy that the processes of trans-
formation of the normal alveolar epithelium into the
neoplastic vell could be followed morphologically on
the Jevel of ultrastrueture; the appearance of an
intermed:. e form between type I and 11 cells in the
alveolar liing. the disappearance of type 1I cell in
the lining due to replacement by the hyperplastic
type 11 cells, which were transformed from the
intermediute form, and the neoplastic change of the
type 11 cells were assumed to be a sequence of the
process. The intermediate form appears in certain
patholoyical conditions, prior to cuboidal metapla-
sia of the attenuated alveolar epithelium (15, 32).
Embry.l yrically, both type I and II cells are of the
same origin, the entodermal epithelum. Some of the
neoplastic cells, distinguished as poorly differenti-
ated. wore similar in ultrastructure to the imma-
ture aheolar epithelium of fetal lung (15). From
these |wr<pectives, the process of neoplastic alter-
ation virerved in the epithelium may be interpre-
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ted as a retrograde process of the normal differen-
tiations of the alveolar epitheljum. Kaufman et al.
(38) have reported that Clara cells of the mouse
bronchioles developed into neoplasms which could
occur in a malignant form, after transplacental ex-
posure to ethylnitrosurea. However, such a Clara
cell tumor was not produced in our material.
Waxweiler and associates reported an increased
number of deaths due to lung cancer among vinyl
chloride workers (9). They observed 12 cases com-
pared to the 7.7 cases expected. Eight of the twelve
were examined histologically and were classified as
undifferentiated large-cell carcinoma (five cases)
and adenocarcinoma (three cases). Since these human
lung cancers are of bronchogenic origin, it may be
that target pulmonary cells in vinyl chloride carci-
nogenesis are different in human and mouse lung.
Neoplastic invasion and metastases were not found
in our material. However, it is known that some-
times both induced and spontaneous alveologenic
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Figure 23. Alveolar macrophage including phagolysosomes and osmiophilic lamellar bodies. Group I: 2500

ppm; 0s0,; 5800 x .

tumors (£2, 84-37) of mice show such changes and
that the malignant transformation occurs with some
delay after initiation of the tumor. In addition,
transplantation of this tumor has been accomplished
(23). Steward and associates (22-24) therefore dubbed
it an “alveologenic tumor” or “alveclogenic cancer.”
Maltoni and Lafemine (13,14) have found that some
vinyl chloride-induced pulmonary tumors undergo
transformation, although we did not observe this in
our materials.

Alveologenic tumors may be considered unique in
some ways, since it is possible to observe the pro-
cess of malignant transformation sequentially from
the precursor to the malignant cell via hyperplastic
and benign neoplastic states.

Hepatic hemangiosarcoma is recognized as a char-
acteristic malignant tumor related to vinyl chloride
exposure. The tumor can be induced in a variety of
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experimental animals (mice, rats, and hamsters
(13,14), and histological features of the tumor are
almost identical in humans and animals. In con-
trast, the intrapulmonary target cells of vinyl chie-
ride oncogenesis may be different in humans and
mice. Beyond these differences, moreover, the in-
duction of alveologenic tumors in mice by vinyl
chloride may be predictive or a risk of human
bronchogenic cancer from the chemical. Consistent
with this is the fact that various carcinogens, such
as polyeyclic aromatic hydrocarbons, nitrogen mus-
tard and chromate compounds, are known to induce
alveologenic tumors in mice, on one hand, and, on
the other, to be associated with excess bronchogenic
carcinoma among workers exposed to the carcine
gens (38). It is noteworthy that a similar relation
has been suggested for vinyl chloride.
Nonneoplastic pulmonary effects of viny! chloride
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Fisune 26. Cell debris of degenerated alveolar septal cells (arrows) and fibrillar appearance of a basement
membrane (with an arrow) are illustrated. Group 1: 6000 ppm; 0s0,; 10,300 x .

have been suggested by observations among work-
ers in vinyl chloride polymerization plants. This
suggestion was based on data obtained by chest
X-ray examinations, pulmonary function tests, and
sputum cytology studies among workers. Lilis and
her associates (18) have found radiologic pulmonary
changes, such as linear, reticular, and nodular opac-
ities, in the lower and mid lung fields in a propor-
tion of cases. They found that the prevalence of
pulmonary changes increased with longer duration
of exposure and that there was a significant associa-
tion with peripheral circulatory abnormalities. How-
ever, pathological evaluation of these changes was
not available. Miller et al. (79) have examined pul-
monary function of 348 workers in a viny) chloride
polymerization plant. The major finding was dimi-
nution of air flow in 200 workers (57.7%). Again, no
physicopathological relations were established.
Maltoni and Lefemine (14) reported cytological
studies of sputum in vinyl chloride and poly(vinyl

48

chloride) workers. They found a significant increase
in cellular changes of the bronchial epithelium; squa-
mous metaplasia and squamous dysplasia were com-
mon among workers heavily exposed to vinyl chle-
ride monomer.

Recently, McNamara and McLaughlin (39) have
confirmed that a single 1-hr exposure to vinyl chie-
ride in doses of 500 ppm or more induced pneumonitis
in ICR mice and that aggravation of latent pulmo-
nary changes, particularly bronchopneumonia, oc-
curred in Fischer 344 rats.

Our present (40) study has shown that CD1 Charle:
River male mice exposed to vinyl chloride at 1
heavy dose (2500 and 6000 ppm), over relatively
long term (5 and 6 months), obviously showed
bronchiolo-alveolar changes. These alterations were
recognized in almost all of the treated animals
regardless of difference in doses (2500 and 6000
ppm), duration of exposure (5 and 6 months) and
recovery time (2, 6 and 37 days).

Environmental Health Perspectives
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Figure 27. Large nucleus in the alveolar capillary endothelium. Group 11: 2500 ppm; 0sQ,; 7900 x .

The types of pulmonary cells which were involved
in the strictural alterations varied. It was interest-
ing that the ultrastructural changes seen in Clara
cells and to some extent in the ciliated cells were
similar to those of hepatic cells of animals exposed
to viny] chloride; cellular hypertrophy and prolifer-
ation of the endoplasmic reticulum were common
responses, seen in both the bronchiolar epithelium
and the hepatic cells. The endoplasmic reticulum of
the hepatic cells has been suggested as the site
where vinyl chloride is metabolized, to be trans-
formed into a chemically reactive metabolite which
is the ultimate carcinogen (36, 41-45). Although it
has not heen shown that lung has the capacity to
metabylize the chemical to produce the carcinogen;
if it were so, the bronchiolar cells, particularly
Clara cells, may provide this mechanism: the cells
are normally equipped with well-developed smooth-
surfacedd endoplasmic reticula and the organelles
have shuwn a proliferative response after mice are
exposed to vinyl chloride.

The fact (46) that vinyl chloride has a tendency to
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be soluble in lipid substances suggests that lipid-
rich pulmonary cells, such as type I cells (rich in
osmiophilic lamellar bodies) and alveolar septal cells
(containing lipid granules) may bind to vinyl chlo-
ride. If this assumption is correct, at least some of
ultrastructural alterations seen in those cells might
result from this mechanism. Both type II cells and
Clara cells have been known as surfactant factor-
producing cells (4 7). Hyperproduction of the surfac-
tant factor was suggested, since hyperplasia of
those cells was commonly seen in our material.
Osmiophilie lamellar bodies and cholesterol erystal-
loids, which were seen in alveolar macrophages,
may represent lipid substances bound to vinyl chlo-
ride. They may be removed from lung as part of the
clearance mechanism for vinyl chloride. It is well
accepted that mesenchymal elements such as bone,
connective tissue, and blood vessels are involved in
responses to vinyl chloride in various organs (36,
48-50). Above all, malignant transformation of the
blood capillary endothelium, induction of hemangio-
endothelioma in liver, and the subcutaneous con-
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Fictre 28. Degenerative alterations of the alveolar septal cells (arrows) and a hypertrophic septal cell (h
with an arrow). Group I; 6000 ppm; Os0,; 6300 x .

nective tissue, lung, and adipose tissue have been This work was supported by Research Grant OH-00681 from
well documented (10, 18, 14, 86). the National Institute for Occupational Safety and Health, U$

It is reasonable to assume that the alveolar capil-  Department of Health, Education and Weifare.

lary endothelium and the septal cell suffered toxic
effects by vinyl chloride, since these cells are part
of the mesenchymal elements in lung, sites of up-
take and excretion of the chemical and its metabo-
lites (51, 52).

A dose-response relationship has been suggested
in the production of alveolongenic tumors by vinyl
chloride. The same relationship has been seen in
occurrence of alveolitis (mouse) and bronchopneu-
monia (rats) with the chemical (§9). A delayed
appearance of these inflammatory changes after
periods of recovery, following exposure to the chem-
ical, has been postulated. A threshold dose for the
induction of the nonneoplastic pulmonary lesions
which are reported here has not been established.
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Effects of Aging on
of Angiosarcoma

rats; that occurred in subcutaneous tissue.

respectively.

Introduction

Several epidemiological studies performed on
occupationa! groups exposed to carcinogens have
shown greater increased risks of cancer with in-
creasing exposure durations. In addition, latent
periods (ti:ne between initial exposure and increased
risk of cancer) in these groups are commonly 10-30
vears. These findings have been commonly attributed
to greater total doses in those exposed for longer
periods of time. However, there is one factor other
than the total dose which could be responsible for
contributing to the increased risk. That factor is

*Diviswr, of Biomedical and Behavioral Science, National
Institute £ Oceupational Safety and Health.
*Hazlets; Laboratories of America, Vienna, Virginia 22180,

“Dwisior, of Technical Services, Nationa) Institute for Oceu-
pational Safety and Health,
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Adult, Sprague-Dawley albino rats of four different ages (6, 18, 32 and 52 weeks) were exposed
to 940 ppm vinyl chloride by inhalation for 24 weeks, § days/week, 7 hr/day. In each age group,
there were 110 to 128 males and the same number of females. The similarly housed control group,
which was not exposed to vinyl chloride. consisted of the same number of males and females in
each age group. All animals that died spontaneously, or were sacrificed moribund, or were killed
at scheduled times (3, 6 and 9 months after initial exposure) were autopsied. All organs were
examined grossly, and several tissues from each animal were examined microscopically.

The older the rats were when they were first exposed, the greater the incidence of
angiosarcomas. The:incidences of angiosarcomas in the four age groups (from youngest to
oldest) in the exposed males in the nonscheduled sacrifice groups were: 0/37 (0%); 0/44 (0%); 345
+6,7% ); and 13/55 (24%). Similarly, for the females. these incidences were: 2/38 (5.3%); 747 (15%);
2349 (47%); and 11/54 (20%). Most of the angiosarcomas were highly anaplastic, primary tumors
in the livers that metastasized to the lungs. Only one angiosarcoma was seen in all the control

Vol. 41, pp. 53-57, 1981

the Induction

by David H. Groth,* William B. Coate,!
Borge M. Ullandt and Richard W. Hornung*

This study demonstrated that older. adult animals and females are more susceptible to the
sngiosarcoma-inducing effects of vinyl chloride than young adult animals and males,

sging. It is equally reasonable to postulate that
older adults are more susceptible to the carcino-
genic effect of some chemicals than young adults.
That is, for the same dose of carcinogen, the
incidence of cancer might be higher and the latent
period shorter in older adults than in younger
adults.

It has been suggested that only older people
should work in carcinogenic environments, since
the commonly observed latent periods for cancer
induction would exceed their life expectancies. If,
however, the latent periods were shorter in older
individuals, that approach would be counterproduc-
tive.

The purpose of this study was to determine
whether or not older adult rats were more or less
susceptible to the angiosarcoma-inducing effects of
vinyl chloride than young adult rats. This experi-
ment was hot designed to test the susceptibility of
sexually immature animals or to determine the
lifetime effect of relatively short-term exposures.
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were used in both the exposed and control grouy

A

Materials and Methods . ot th were sac
Their ages at initiation of exposure were 6, 17.; sacrifice

A total of 473 male and 478 female Sprague-  32-33 and 51-53 weeks. The numbers in each gro; these tw
Dawley rats were exposed to 948 ppm of vinyl  and their disposition appear in Tables 1 and2. ~  .ferred
chloride monomer in a single 14 x 13 x 10 ft Because of the large number of animals, it wa  |y1teras
stainless steel walk-in chamber with a diffusion-  not practical to start exposures on all rats simuly  {he rats

screen false ceiling. Exposures were for 7 hr/day, b

neously. Consequently, the controls and expos

remainin

days/week for a mean duration of 24.5 weeks. An  rats were divided into five squads, with proportic.  autopsier
equal number of control male and female rats, kept  ate representation of each age group and sexz  pwyan an
in a similar exposure chamber, were exposed to  each squad. Rats in each squad were assigned: number (
conditioned outside air only. Air flow into the  the chambers over a 2-week period. Assignments( the final :
chambers was maintained at 300 *min. Air tempera- ~ all rats to the chambers were completed throughc in each o:
tures were kept at 75 = 3°F. The concentration of  a 10-week period. At the
vinyl chloride in the chambers was initially moni- The original plan was to expose the rats for !’ euch animr
tored by gas chromatography and later with an  months, but because of an epidemic of pneumo:  a1..lvses,
ultraviolet photoionization analyzer, 7 times/day on  among the exposed animals during the 28th wee Funma gl
each day of exposure. the exposures were terminated 29 weeks ate  aid y-glu
The animals were individually housed in sus- initiating exposures. As the results will show, th: Atthe:
pended stainless steel wire-mesh cages equipped  exposure period was adequate to demonstratet:  anl secti
with automatic waterin(%vtaps. Water was provided  differences in effects between groups. alrenal, t
ad lzbztum., but food (Wayne Lab Blox) was re- The experiment consisted of two subsets. A~ or uterus
moved during exposures. mals scheduled for sacrifice at 8, 6 and 9 mont: ~ Junys, tr:
Four differently aged sets of rats of both sexes  constituted one subset, and animals that diede  Jymph no
any abno
Table 1. Number and disposition of rats exposed to vinyl chioride. ?‘:::;ﬁst‘
Number of Number Towl L. and e
Age at first  Mean body Initial deaths and  Number  sacrificed at  number pat hologis
exposure, weights at first number moribund at final 3, 6and 9 of rats
Group weeks exposure, g Sex of rats sacrificed sacrificed months autopsie
Result
2 6 228 M 110 36 6 ] 108 R
2 6 167 F 110 16 23 0 109 No clin
4 17-18 541 M 119 39 13 67 119 ences in
4 17-18 304 F 120 33 16 70 119 Meisurem
6 32-33 693 M 116 ) 4 69 116 cnerol
6 32-33 350 F 120 45 6 69 120 e rolgr
8 51-53 739 M 128 60 0 67 1 Inirnim 83
8 51-53 375 F 128 52 6 70 128 The mc
Totals M 473 ) 178 23 269 470 beth sexes
F 478 T 51 2719 4% pituitary
eurtrol gy
tumors. A
Table 2. Number and disposition of control rats.
Number of Number Total
Age st first  Mean body Initial deaths and Number  sacrificed at number —_—
exposure, weights at first number moribund at final 3,6and 9 of rats
Group weeks exposure, g Sex of rats sacrificed sacrificed months autopsied
1 [ 230 M 110 9 6 69 8 f1rp
1 6 173 F 110 6 2 n 10 —_—
3 17-18 550 M 119 11 13 70 M 5
3 17-18 304 F 120 9 16 70 % -
5 3233 701 M 115 12 4 70 % M
5 32-33 353 F 120 10 6 69 & 4
7 51-53 ™ M 128 P 0 70 % b
7 51-53 385 F 127 21 6 ) 12 M
Totals M 472 55 2 279 3 b
F AT 52 51 279 % ¥
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to group 6. The incidence in group 8, however, is
lower than in group 6 and closer to that in group 4.
The first angiosarcoma, however, was seen in
group 8, the oldest group.

In comparing the males and females, it can be
seen in Table 3 that the first angiosarcoma ap-
peared earlier in the females in each group and that
the incidence was higher in females for each age
group, with the exception of group 8, the oldest age
category. Since the mean survival times and expo-
sure durations for males and females in groups 4
and 6 were similar, the differences in incidence can
be attributed to sex.

The incidences of angiosarcomas in the interim
sacrifice, nonscheduled sacrifice and combined groups
appear in Table 4. The females sacrificed at 6 and 9
months had a much lower incidence of angiosarcomas
than those in the nonscheduled sacrifice groups,
whereas, the difference in incidence between sim-
ilar groups of males was not as great.

The incidences of angiosarcomas in the different
age groups were compared using Fisher’s exact
test. Because of multiple comparisons, the a-level
for each individuaF comparison needed to be £0.01
for the incidences to be significantly different with
. an overall a = 0.05. In the nonscheduled sacrifice
groups, the incidence of angiosarcomas in group 8
males was significantly different from those inci-
dences in group 4 and group 2 males; the incidence
of angiosarcomas in group 6 females was significantly
different from those in group 4, group 2 and group 8
females. The same comparisons between the same
groups in the combined nonscheduled and interim
sacrifice groups were also found to be significant.

The effect of age on angiosarcoma incidence in
males was examined using the method of weighted
least squares regression. A quadratic equation was
shown to be a good model for predicting angiosarcoma
incidence as a function of age in weeks. The percent
of variability in incidence rates (R?) explained by
this model was: R? = 99.96% for nonscheduled
sacrifice groups and R? = 99.85% for combined

Table 4. Incidence of angiosarcomas in exposed rats, non-
scheduled (NS), interim sacrifice (IS) and combined groups.

Combined
NS + IS

(1.2%)
(2.3%)
(2.2%)
(1.2%)
194 (7.4%)
2798 (28%)
18102 (18%)
14/104 (13%)

NS

{
¢

18
1/46 (2.2%)

0/50

247 (4.3%)
/50

449 (8.2%)
4/49 (8.2%)
547 (11%)
3/50 (6%)

1/83
2/88
231
197

037

2/38 (5.3%)
04

747 (15%)
345 (6.7%)
23/49 (47%)
1355 (24%)
11/54 (20%)

CEBRAEARN
nEHEMEER

nonscheduled and interim sacrifice groups (Fig.),
Both of these models were statistically signifigr
(p = 0.02 and p = 0.001, respectively).

The fact that most of the angiosarcomas in ti
females occurred in the animals that died spontane
ously suggested that their deaths might be direct;
related to the angiosarcomas. A. comparison ¢
mean survival times, however, revealed that a
mals with angiosarcomas survived as long a
frequently longer.than other animals in their p

_spective groups (Table 5). At 4-week intervals, ti

accumulative incidence of angiosarcomas was taby.
lated (Table 6) for exposed females. Although the
incidence of angiosarcomas at all intervals in

2 and 6 is about the same, in group 8 the inciden -
decreases with time, and in group 4 it increase
with time.

Although a few brain tumors, mammary adens
carcinomas and zymbal gland tumors occurred o
exposed animals, their incidences did not appear
be significantly different from those of the controks,

INCIDENCE

P 20,0068 +0 0O0DE28 wexel!

n—

ANGIOS ARCOMA

AGE AT START IN WEEKS

Ficure 1. Angiosarcoma incidence: males (combined deaths, }
interim sacrifices and final sacrifice). Curve fitted by regres
sion methods showing a significant quadratic fit. R* = 99.85%.

Table 5. Mean survival of exposed rats in nonschedule ‘
sacrifice groups.

Mean survival, weeks

Males

Rats with Rats with
All rats  angiosarcomas All rats  angiosarcomss

36.5
38,9
32,0
23

Females

37.5
33.8
30.0
80.2
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fable 6. Accumulative angiosarcoma incidence in exposed
females, nonscheduled sacrifice group.

Angi_osm:oml incidence

Group Group Group Group
2 4 6 8

25 (40%)

00 ol )
0/l 0/5 37 43%) 39 (33%)
0% 014 823 (35%) 622 (27%)
113 (1.7%) 172 4.5%) 12731 (39%) 8734 (4%)
114 (1.1%) 2728 (7.1%) 14/37 (38%) 1040 (25%)
N5 (6.7%) 329 (10%) 1841 (M%) 11/46 (4%)
2/38 (5.3%) 7/47 (16%) 2849 (47%) 11/64 (20%)

SExposures terminated.

Discussion

The results clearly indicate that the incidence of
angiosarcomas is higher and these tumors occur
earlier in older rats of both sexes. In addition, the
incidence of angiosarcomas is generally higher and
these tumors occur earlier in female rats than in
male rats. Therefore, it can be concluded that older
rats are more susceptible to the angiosarcoma-
inducing effect of vinyl chloride than are young
adult rats and that female rats are more susceptible
than males.

The authors have been unable to find comparable
studies in the scientific literature. However, Maltoni
(1) reported in & summary article of his research
with viny] chloride that exposure duration was an
important factor in determining angiosarcoma inci-
dence. In that article, he reported that rats ex-
posed t¢ 10,000 ppm vinyl chloride, 4 hr/day, 5
days week for 17 weeks did not develop liver
angiosarcomas within a 155-week period, whereas,
1360 (227) of rats exposed to 6,000 ppm vinyl
chloride 1 hr/day, 5 days/week for 52 weeks (and
held for a 155-week period) developed liver
angiosarcomas. In the authors’ opinion, the differ-
ence in total dose between the two groups was not
sufficient to account for the large difference in the
angiosarcoma incidences, and that the major factor,
therefore, was probably the difference in ages
while they were being exposed.

There is suggestive evidence in the literature
that older adult humans might be more susceptible
than young adults to the carcinogenic effects of
Thorotrast. Curry et al. (2) stated in their article
that “although the latent period between thorium
injection and liver malignancy has varied from 38
Years to 35 years, all of these 123 cases occurred in
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patients between 49 and 55 years of age.” There is
suggestive evidence that older beryllium workers
are more susceptible to the carcinogenic effects of
beryllium. The data of Mancuso’s study ($) of
beryllium extraction workers show an extremely
high rigk for lung cancer in workers between the
ages of 38 and 65 who were exposed for relatively
short periods of time. Studies specifically designed
to test this theory in humans, as well as in animals,
with other compounds are needed.

-1f these findings can be reproduced in animals
with a wide variety of classes of compounds, thenit -
would be justifiable to modify chronic bioassay
experiments by utilizing older animals at the be-
ginning of the studies and shortening the durations
of the experiments by 6-12 months. In many cases,
this should result in decreasing costs by 20-30%
and, thereby, permit a greater number of chemicals
to be tested.

The observation in this study that the accumula-
tive incidence of angiosarcomas in the 6-week-old
group of rats did not increase with time after
discontinuation of the exposures suggests that the
carcinogen is metabolized and inhibited or excreted
before most of the animals became susceptible.
Whether or not these animals would have exhibited
a higher incidence of angiosarcoma at some later
time is not known. However, as mentioned above,
Maltoni (1) was unable to induce liver angiosarcomas
in young adult rats exposed to 10,000 ppm vinyl
chloride 4 hr/day, 5 days/week for 17 weeks and held
for a lifetime. The total dose in his experiment was
10,000 ppm x 340 hr (3,400,000 ppm-hr). The total
dose in our experiment was 948 ppm x 858 hr
(813,384 ppm-hr). Therefore, it is unlikely that the
youngest groups in our experiment would have
developed & higher incidence of angiosarcomas if
they were held for a lifetime.

The results of this study also suggest that older
people should not be preferentially placed in carej-
nogenic working environments.
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Discussion

In this snimal model, ingested ethanol is a
cocarcinogen in relation to VC induction of tumors
in the liver. The incidence of angiosarcoma in
VC-ethano] dosed rats (50%) was more than double
that resulting from VC exposure alone (23%).
VC-ethanol also induced a greater number of
hepatocellular carcinomas (60%) than occurred in
VC-treated animals (44%). The first deaths from
angiosarcoma and carcinoma of the liver occurred
earlier in VC-ethanol dosed animals indicating &
shortened latent period.

The Sprague-Dawley rats used by Maltoni and
Lefemine in 1974 (4) were more resistant to the
effects of VC on the liver than the animals used in
this VC-ethanol study. Following a year-long expo-~
sure to 500 ppm VC 4 hr/day, 5 days/week and
observation from first VC exposure for 135 weeks,
only 7 of 59 rats (12%) were reported to have
angiosarcorna in the liver (). Angiosarcomas de-
veloped in other sites such as in subcutaneous
tissue, the abdominal cavitas neck, lung and uterus.
Hepatocellular carcinomas were not reported. Zymbal
gland carcinomas were seen in 8% of Maltoni's VC
exposed animals; none were seen in this study.

Ethanol has been reported to potentiate the
toxicity of other halogenated hydrocarbons. In
whole animals, a variety of alcohols increased the
hepatotoxicity of carbon tetrachloride (CClL,) when
ingested 16 to 18 hr prior to inhalation of CCl, (7).
Following acute exposures, CCl, toxicity was en-
hanced by ethanol as judged by the elevation of
serum glutamic-oxaloacetic transamninase levels. In
similar studies, trichloroethylene (TCE) or 1,1,1-
trichloroethane hepatotoxicity was potentiated by
ethanol, but only at high concentrations of inhaled
TCE or 1,1,1-trichloroethane (8).

Ethanol potentiation of VC carcinogenesis in the
liver is probably due to an effect on VC metabolism.
Inhibition of VC uptake (5) and metabolism (6) by
ethanol suggests there iz a shared step in the

oxidation of the two toxic agents. The most fi,
candidates for competition are acetaldehyde 5
chloroacetaldehyde. The normal substrate, a;
dehyde, would be oxidized cilreferentially result,
in an increased half-life of chloroacetaldehyde.

Toxie manifestations of exposures were for
which were not related to the neoplastic respon
Many animals died because of neoplasms or secy;
ary changes caused by tumors; however, de;:
directly attributable to toxicity was not seen. Ty
toxicity of ethanol will be discussed in anoth-
publication.

I wish to thank Frank Grande, Morris Blackstone and Jue
Kurzhals for their technical assistance and Dianne Dotgor &
secretarial support.
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cancer Induction Following Single and
Multiple Exposures to a Constant
Amount of Vinyl Chloride Monomer

by Robert M. Hehir,* Bernard P. McNamara,**
Joseph McLaughlin, Jr.,* Donald A. Willigan,?

i George Bierbower* and Jerry F. Hardisty!

na of liver
p. Med. 16
Vinyl chloride tdnomer (VCM), already identified as a human animal earcinogen, was
he liver iz selected as 8 model agent to explore an area of concern for single and intermittent low level
vl chloride. exposure. In traditional cancer bioassay, animals are repestedly exposed over their lifespan to s
Med. Can douse of suspected chemical.

In the current studies rats and mice were exposed in an inhalation chamber to single one-hour
Spons doses of VCM ranging from 50 to 50,000 ppm.

A second group was given 10 one-hour exposures to 500 ppm or 100 one-hour exposures to 50
ppe of the same chemical. All animals were then observed for the remainder of their lives,
generally 18-24 montha. Moribund animals were euthanized, and survivors were sacrificed on

ionssays of

“ Env{r'u <chedule and their tissues examined for pathological changes. Specifically, the oncogenic study
demonstrated dose related effects for single one-hour exposure of VCM at high levels, i.e., 5,000

+ing. P.J. and 50,000 ppm. These concentrations increased the incidence of pulmonary adenomas and

7] chioride carcinomas in mice.

246 1B Repeated exposure of A/J mice to the same chemical at 500 ppm x 10 one-hour exposures also

increased the incidence of pulmonary adenomas and carcinomas which are considered highly

henius, E. significant (p = 0.001) when compared to match controls. At the lower dose of 50 ppm x 100

olated rat une-hour exposure, no significant increase in tumors was observed. Rats exposed to identical
concentrations of VCM failed to elicit a tumorigenic response.

bon tetrs- . - N

n. Hahk R . . :

A haloge | introduction their knowledge. This type of consumer exposure is

usually brief and at very low levels. The suspect

..ctivﬂ

efforts by industry and the Federal government to
identify ca:cinogenic substances in the workplace.
However. carcinogens are not limited to occupa-
tional ex}. ~ures. Many of these same chemicals are
also used in the formulation of household products.
Therefore. consumers in all walks of life may be
exposed t suspect chemicals in their homes without

'L’.S_. Cor.-umer Product Safety Commission, Westwood Tow-
ers Buildir.;. Room 738, 5401 West Blvd., Waghington, D.C,

0T,

sDonald A. Willigan, Inc., Bound Brook, N.J. 08805,
**Decea-cd.
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,1;5)-8- Army Chemical Systems Laboratories, Edgewood, Md.

facturing the consumer product, i.e., as in the case
of polymerization of vinyl chloride (VC) to poly(vi-
nyl chloride) (PVC), or trace quantities of the
unreacted monomer may be present in the product
which may be leached out under normal conditions
of use. There are other situations wherein a chemi-
cal like VC is used because it is chemieally inert, for
example as a propellant, and as an unreacted
gaseous chemical it could become a potential health
problem.

While regulatory bodies try to establish safe
exposure levels and industry attempts to control
exposures in the production facilities, no such
control measures would be of practical value in the

63
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home environment. Another complication associat-
ed with making value judgements about potential
risks of consumer exposure is that traditional
cancer bioassays involve daily exposures to the test
chemical over the animal’s lifetime. There were no
comparable studies on short-term exposure to &
carcinogen like VC followed by a lifetime monitor-
ing for toxicological symptoms with complete
histopathological examination at death. Therefore,
our approach was to explore what happens to
laboratory animals following brief or intermittent
exposure to a known carcinogen like VC. Vinyl
chloride appeared to be the ideal chemical to use in
these experiments because of its widespread use in
industrial and consumer products. Furthermore,
the relationship for inducing unique pathological
lesions, i.e., angiosarcoma of the liver for high
exposure Jevels in animal and man was slready
established by Viola et al. () Maltoni (2) and
Creech et al. (3).

Quite apart from the need to establish a bench
mark for acute short-term intermittent exposures
to & carcinogen, sych as vinyl chloride, was the
question of “threshold effects” or “safety factor” for
low level exposures. In setting up our experiments
we were mindful of the many factors that could
have an impact on the study design. Some of the
more important factors are that (1) the substance
may not reach a susceptible cell; (2) the substance
may make noncarcinogenic biochemical combina-
tion with the cell; (3) the “initiated” lesion may not
receive adequate “promotion”; (4) host factors may
be unfavorable to carcinogenesis; (5) biochemical
repair of the DNA lesion may occur; (6) morpholog-
ical regression of tumorigenic proliferation may

occur; (7) carcinogenic cells may be destroyed by -

the body’s immune system. These items need to be
addressed in any conventional cancer bioassay but
are even more critical in searching for noncarcinogenic
exposure levels,

Experimental Conditions

Two straing of rats, Fischer 344 (Charles River
Laboratory, Wilmington, Mass.) and Sprague-
Dawley/Wistar (Chemical Systems Lab, Edgewood,
Md.), and two strains of mice, AJ (Jackson Lab,
Bar Harbor, Maine) and ICR (Charles River Labo-
ratory) were treated in single or multiple intermit-
tent inhalation exposures to VC. The chambers
were Rochester type, stainless steel, 1000 liter,
constructed to provide laminar air flow and insure
uniform exposures to VC to test animals.

Chamber concentrations were established by
proportioning the amounts of VC being dispersed
with the air flow through the chamber. Airflow

64

through the chamber was created by a bin,
motor located in the flow pipe on the exhaust sigey
the chamber. A negative pressure was maintajng
in the chamber at all times when operational g
the exhaust gas completely filtered (M6AI .
particulate filter) before discharge to the enviny.
ment. The concentration of gas in the inhalsjy
chamber was monitored by using a Hewlr
Packard 5830A gas chromatograph with a dy
flame jonization detector.

Exposure Procedures for VC Lifetime
Cancer Studies

Male and female rats and Fischer 344 and 102
mice were totally exposed for 1 hr to 50, 500, 5K
and 50,000 ppm VC. Fischer rats and AJ mis
equally divided by sex received ten 1 hr exposun
to 500 ppm VC (1 hr/day, 5 days/wk for 2 weeks)z
100 1-hr exposures to 50 ppm (1 hr/day, 5 dayswi
for 20 weeks). Male and female parents (Spragw
Dawley/Wistar) rats (obtained from Veterinary Mo
ical Division, Edgewood Arsenal, Md.) from th
reproduction study were also maintained and o
served for 24 months post exposure to 50 to 3
ppm VC 1 hr per day, 5 days per week for 10 week:
(49 exposures).

Following exposure, all animals were air washe
until the chamber concentration was less than |
ppm VC. Animals of the same sex were segregated
in stainless steel cages with a maximum nurmber i
5 rats in each compartment and placed in the animd
holding area. Mice were similarly treated, but smalle
cages were used and the number of mice per com
partment was limited to two. The animals wer
observed twice daily for general health, sores, mas:
es, alertness, activity or mortality. All animak
were weighed weekly for the first 8 weeks pos
exposure and monthly thereafter. The exposur
schedules for the studies described above are showt
in Tables 1-3. No blood chemistries or hematologi
studies were performed.

Pathology

Gross and Light Microscopy. A complete gros
and microscropic examination was performed o
most control and exposed animals which died o
were sacrificed. Autolysis precluded such examns
tion in a few cases.

All rodents were to be serially sacrificed at 8, 16
and 24 months post exposure. However, the lif
span of the mice forced some changes in the later
times of sacrifice and termination of mouse exper
ments. For single exposure the planned 16 and
month sacrifice were replaced by 18 month sacrificet.

Environmental Health Perspectives
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-,y 2 bln Table 1. Single exposure schedule of animals to VC.
faust :::: Exposure date Exposure  Age at time of
* Mmaintai group size  exposure, weeks N
l&ionaz v S Sex Dose, ppm AM PM
6Al g g
. . X M 50 3475 ) 15
-ehg enin, Pretet 34413 500 211775 % 16
inhalyy, - - 5000 /1875 85 17
8 Hewle: 50000 3/25/75 90 18
vith a g F 50 34T 90 15
500 vNLas 100 16
L! 5000 1875 95 17
50000 . 325775 88 18
ifeti B mos M 50 5 90 16
fetime 0k mose 500 11775 80 16
5000 8/1875 90 17 !
" i 50000 725775 90 18
ang IC: F 50 34175 90 15
3, 500, 3 500 11775 90 16
1 A me 5000 31875 90 17 .
. 50000 3725775 80 18 .
)e!fposun Fa M Neg/Cont. 92 15-18 :
. weeks)«: F Neg/Cont. 9 15-18 .
S daysw., Mo M Neg/Cont. &2 15-18 ¥
.(Spm F .=  Neg/Cont. 88 15-18 Z
inary Mg /
» from . s
«d and o
50 to 3 Table 2. Exposure schedule for animals exposed repeatedly to VC. ]
N week. 3
.’ week Exp:;sure Exposure dates Exposure group size  Age, weeks i
i periods,
ar vx:nhec i Sex  Dose, ppm days From To Stat End Start End E
5B ]
Fascher rat M 50 100 821776 1/2676 80 86 21 4] *
e 4
1&‘6‘:;? 500 10 75 7128775 90 90 1 16 i
el F 50 100 827776 1/26/76 90 87 21 41 .
-he anim: \ 500 10 ] 118775 90 90 14 16 4
at smaller AJ mouse M 5 100 778 1875 90 87 15 3 /
per com 500 10 827775 1126776 90 90 8 10 g
1als werne F 5& l(lo) mnnas 18775 90 88 15 35 g
o] nawm w2 B, M mw B s s :
| animals Control  10(e) - 50 50 14 16 A
2eks pos F Cfnegﬂ l(llg((c; —_ 50 47 21 41 =
a ' (4 - 50 50 14 16 7
' r:m‘:: AJ mouse M C!:n?ml 1og((c) - 0 39 15 85 ’
) 1) - 50 50 8 10 i
matolog: F Neg.  100(c) 50 50 15 35
Control  10(c) - 50 50 8 10
e denotes control for corresponding dose above.
e gros
med on Table 8. VC multigeneration study, F, parents.*
died or
X@ming- Group Compound Dose® Number of males Number of females
1 Air Control 25 25
at B, 16 1l vC Low dose © 2 2
the life (50 ppm)
" he later )] vC High dose 25 2
- mer- (500 ppm)
) 34 :Spugue-Dawley/Wiam rata.
crifices. Exposure to 50 or 500 PPM of VC 1 hr/day, 5 days/week for 10 weeks (49 exposures) before mating,
ectives October 1981 65
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This observation period was the minimum suggested
by the National Cancer Institute (4) for cancer
bioassays in small animals, For multiple dose studies
in mice the final sacrifice was at 20 months rather
than 24 months. The change was made in consider-
ation of the risk of animal loss through death and

possible cannibalism. Tissues examined were lung,
trachea, heart, liver, stomach, small intestines,
spleen, kidney, bladder, bone marrow (sternum),
adrenals, pancreas, duodenum, brain, eye, zymbal
gland, ear, nose, muscle and bone (femur).

male and five female Fisher (344) rats from each of

Electron Microscopic Studies. Groups of five

the single 1-hr exposure studies (50, 500, 5000 and
50,000 ppm) with equal numbers of their corres-
pondi}:‘lg control groups were sacrificed at 8, 16, 24
months.

Groups of five male and five fernale Fischer (344)

rats from the multiple 1-hr exposure studies at
50 and 500 ppm VC along with equal numbers of
control animals were sacrificed at 16 and 24 months.

‘s

Resuits

Toxicity During Exposure

Rats and mice exposed for 1 hr to concentrations

of VC ranging from 50 to 50,000 ppm or for repeat-
ed exposures, i.e., 50 ppm or 500 ppm, produced no
remarkable signs of toxicity with the exception of
- mice at the 50,000 ppm level. At 50,000 ppm VC
50% of the male mice exhibited hyperventilation at
45 minutes together with twitching and possible
ataxia. Female mice became hyperactive after 40
min exposure, and respiratory difficulty and ataxia
was observed in approximately 25% of the female
mice after 55 min. Upon removal from the test
atmosphere, all animals recovered to normal
appearance within 24 hr. After expogure there were
no consistent or dose-related differences between
control and exposed (single or multiple) mice or rats
in death rate, toxic signs or change in body weight.

Gross Pathology

There was a suggestion of higher frequeney ¢
masses in the lungs and livers of mice exposeq g
or repeatedly to VC at the higher dosge levels, i,
500, 5000 or 50,000 ppm.

Histological Examination of ICR
Mice: Single Exposure

Changes ascribable to vinyl chloride were app:
ent primarily in the lungs with the induction ¢
pulmonary adenomas and pneumonitis. Pneumons.
was evident in all animal groups which were o
posed to VC at 500 ppm and above.

The development of bronchio-alveolar adenom;
increased with exposure to higher dose levels ¢
VC. Tables 4 and 5 summarize the significant hist.
logical changes observed in ICR mice at 8 and
n;o‘r}gxs following single exposure to graded dose
o .

Mice were more susceptible than rats to pne
monitis following exposure to VC. The effect k-
ever was not incremental with dose level Th
incidence of pneumonitis, adenoma and carcinom
in ICR mice following single exposure is presents
in Table 6. No correlation was observed betwee:
the incidence of pneumonitis and adenoms ¢
pneumonitis and carcinoma. However, males seeme:
more prone to the induction of pneumonitis, parti
ularly at 50,000 ppm, i.e., 34% M vs. 13% F. &
5000 ppm and below, male and females were abo::
equally sensitive.

There was an increase in bronchio-alveolar ade
nomas with exposure to higher doses of VC and th
condition manifests itself more frequently in male:,
i.e., at 50,000 ppm: 51% M vs. 18% F. This trex
continued at the 5000 ppm: 22% M vs. 13% F. Male:
and females were equally susceptible at dose leve!
500 ppm and below. The upper respiratory trac
(nasal turbinates) and trachea revealed no unusul
changes specifically attributable to VC.

Table 4. Histological examination of ICR mice at § and 18 months following a single (1-hr) exposure to vinyl chloride monomer.

Histological changes attributable to vinyl chloride

Vinyl chloride concentration, ppm

Induction of pulmonary adenomas

Progression to carcinoma

50,000 45/137 (83.3%) 3137 (2.2%)
5,000 24143 (16.8%) 1/143 (0.7%)
500* 18139 (12.9%) 11139 (0.7%)
50 14/139 (10.1%) 0139 (0%)
0 (control) 12/120 (10.0%) 0/120 (0%)

—

*Preumnonitis was evident in all animal groups which were exposed to VCM at doses of 500 ppm or more,
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- Histological Examination of A/J Mice 2 g.f:t)r of 2.2, &e., controls, (34-4‘?; 500)91)!3: 4.7,
. gression to malignaney (carcinoma) in the test
*quency of at 8, .16 and 20 Months Following group vs. controls was also highly significant: con-
one | Multiple Exposure trols, 3/90 or 8.3%; 500 ppm, 22/166 or 13.3%. In
evels, i, 500 ppm, 10 days, 1 hr. Changes ascribable to  animals scheduled for evaluation (survivors) pul-
VC were apparent in the lung only, primarily the  monary adenomas were observed as early as 8
) induction of pulmonary adenomas. Bronchio-alveolar  months post exposure in 60% of males and females;
R sdenomas were induced in the test group with  at 20 months, 76% of animals were affected.
approximately equal frequency in males and females, “The incidence of pneumonitis, adenoma and car-
ie., 78.7% M vs. 75.6% F, respectively. The in-  cinoma in A/J mice following multiple exposure to
ére appar. crease in incidence as shown in Table 7 for the test ~ VC is presented in Table 8. Pneumonitis was ob-
duction of group over that of the controls was substantial, by  served more frequently in the control animal than
leumonitis
- Were ex. Table 5. Overall summary: incidence of nonneoplastic changes and histologically proven neoplasms within the liver and lungs of
ad ICR Swiss mice exposed to vinyl chioride in single inhalation exposurss.
enomas
levels of Incidence of response for various vinyl chloride conens
?:nhﬁ)a' 0 50,000 ppm 5,000 ppm 500 ppm 50 ppm
ded doses Tissue response M@)» F(* M{M4» F@E* M6 F &) M2 F (75 M @1 F @0
Liver tnumber evaluated) 50 75 63 78 68 76 87 2 64 68
to pneo- Hepatie cell necrosis 2 10 3 5 5 7 4 6 - 2 ]
Tect how. Hepatic ccli vacuolution
svel. The (jpidosic’ 2 1 4 2 12 3 5 1 4
ot Hepatic cci! hypertrophy 1 2 8 8 4 13 1
arcinomi Hepatic cel! hyperplasia 4 4
resented Angiectasis 1 4
tween Sinugoidal reticulosis 5
Yy o Hepatic cell adenoma 2 1 1 2
Hepatic cel! carcinoma 2 4 1 ] 1 9 2
§ seem,ed Hemangioma 1
3, partic- Hemangiosarcoma 1
% F. At Lung tnumber evaluated) 50 70 61 76 65 78 66 73 n 68
re about Pneumonitis 1 6 21 10 13 17 19 15 4 7
Bronchio-al\ eolar adenoma 4 8 31 14 14 10 8 10 8 6
Bronchio-alveolar carvinoma 1 2 1 1
lar ade.
* and the *Number: in parentheses denote animals per group. Total includes animals from scheduled sacrificed (8 and month periods) and
n males, spontaneous deaths.
1is trend
!: seL{:‘l,ee? Table 6. Single inhalation exposure of ICR mice to vinyl chloride monomer.
ry tract . Lung tissue: incidence of response/number evaluated*
unusual SohchXBasre Group Pneumonitis Adenoma Carcinoma
0 tcontrol) Male 1750 (2%) 450 (8%) 050 (0%)
Female 670 (9%) 870 (11%) 070 (0%)
Combined (M+F) 7120 (6%) 12/120 (10%) 0/120 (0%)
30,000 Male 21/61 (34%) 161 (51%) 161 (%)
‘onomet. Female 10176 (13%) 14776 (18%) 276 (3%)
Combined (M +F) 81137 (23%) 45/137 (33%) 8/137 (2%)
5.000 Male 13/65 (25%) 485 (2%) 1465 (2%)
_— Female 1178 (2%) 1078 (13%) 078 (O%)
Combined (M +F) 30143 (21%) 24/143 (17%) 1/143 (1%)
—_— 500 Male 19/66 (29%) 8586 (12%) 0/66 (0%)
Female 15773 (21%) 10773 (14%) 1713 (1%)
Combined (M +F) 34/139 (%) 18/139 (13%) 1188 (%)
50 Male 4N (6%) 87 (11%) o (0%)
Female 768 (10%) 668 (9%) 0/68 (0%)
Combined (M+F) 11139 (8%) 14139 (10%) 0139 (0%)
- “Total includes animals from scheduled sacrifice (8, 16, 20 months period) and spontaneous deaths.
ectives October 1981 67
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in either test group. No correlation was observed
between the incidence of pneumonitis and adenoma
or for pneumonitis and carcinoma. These results
lredmmﬂar' ilar to those observed in the single exposure
study.

50 ppm, 100 days, 1 hr. Again changes attribut-
able to VC were apparent in the lung only, primari-
ly pulmonary adenomas. However, the incidence in
the induction of adenomas and progression to carci-
noma are considered only margina] and not statisti-
cally significant.’

Comparatively, the potential for development of
pulmonary adenomas as shown in Table 7 was great-
er in A/J mice following multiple exposures at 500
ppm than at 50 ppm, i.e., incidence at 500 ppm,
74.7%; at 50 ppm, 44.1%, despite an equivalent
total dose of 5000 ppm VC. Also, pulmonary adenomas
were induced earliest (8 months) following multiple
exposures at 500 ppm. It is also of interest that the

Table 7. Histological examination of A/J mice at 8, 16 and 20
months following multipié U1-hr) exposures to vinyl chloride
monomer.

Histological changes attributable to
vinyl chloride monomer

Induction of Progression
puimonary adenomas to carcinoma

Number of
exposures and
concentration
of VCM

0 (controls)
10 x 500 ppm*
0 (controla)
100 x 50 ppm®

81/90 (34.4%)
124166 (74.7%)
29/84 (34.5%)
65158 (44.1%)

890 (3.3%)
22/166 (13.3%)
284 (2.4%)
1158 (4.4%)

“Highly significant difference in the number of pulmonary
adenomas (p = 0.001) cbserved at the 500 ppm x 10 hr exposure
Jevel versus control by Z test.

bNo significant difference for pulmonary sdenomas (p < 0.14)
and carcinomas (p = (.19) observed at the jower multiple
exposure level.

control groups of A4 mice for both multiple inhgp,
studies showed a baseline incidence for pulme,.
adenomas which was nearly identical, ie., g}
ppm, 34.4%; at 50 ppm, 34.5%.

Table 9 provides an overall summary of the o
dence of histologically proven neoplasms obser..
in both strains of mice, i.e., ICR and A/, follos:,
single and multiple exposures to VC. The neo;
tic and nonneoplastic changes observed in the b
and/or lungs of A/AJ mice following multiple er,
sures to VC at 50 and 500 ppm are shown in Tap.
10 and 11. Although other neoplasms and nonn
plastic changes occurred variously in all remair-
organs and tissues, the response appeared eit:
sporadically or was shared by all test groupsind..
ing controls. Relationship by incidence and sever
to test exposure was not evident. Furtherme
morphologic deviations were not unlike those nr
mally observed in aging A/4J mice maintained uni-
standard laboratory conditions. .

Electron Microscopic Results

In general, these studies indicate that expos:
to vinyl chloride increased organelle turnoverass..
as loss of volume control (bleb formation) and =
creased lysosomal activity in the liver of rats. The
alterations progressively decreased as recoverya'z
exposure increased.

Hepatocellular carcinoma was seen in one m

Fischer rat which had received 10 exposuresof » -
ppm. Lymphosarcoma was noted in one fem:

Fischer rat which had received a single exposurez
500 ppm. Since these were individual cases ¢
since no cancers were seen at 50,000 ppm, &
lymphosarcoma and the hepatocellular carcinoz
are not likely related to vinyl chloride exposure.

Table 8. Multiple inhalation exposure of A7) mice to vinyl chloride monomer.

VC Exposure

Lung tissue: incidence of responsemumber evaluated!

Frequency conen, ppm  Group

Preumonitis Adenoma Carcinoma

0 Male
Female
Combined (M+F)
Male

Female
Combined (M + F)
Male

Female
Combined (M +F)
Male
Female
Combined (M +F)

500

043  (0%) 15143 (35%) 043 (0%)
24T (U4%) 1647 (34%) 4T (6%)
2/%0 (2%) 3190 (34%) 390 (3% )
0776 (0%) 5676 (14%) 127716 (16%)
080 (0%) 6890 (76%) 1090 (1%
0/166 (0%) 124166 (T5%) 22/166 (13%)
539 (13%) 11739 (28%) 239 (5%)
45 (%) 145 (40%) 045 (OB
834 (10%) 29/84  (35%) 284 (2%)
4T (5%) 21T (35%) 3T %)
581 (6%) 3881 47%) 481 %)
9/158 (6%) 65/188 (41%) 7158 (4%

p—

*Total includes animals from scheduled sscrifice (8, 16, 20 months period) and spontaneous deaths.
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Keproduction Carcinogenesis Study

me hundred and fifty colony rats (Sprague-
;.:.;,.-.' Wistar) were divided into three groups
+ -+ wual numhers of males and females. These
«e==5c-pathogen-{ree, random bred animals were
e-auned from the Animal Resources Branch at
§ ioewend Arseral. The rats were 12 weeks old
o2 = nitially exposed to VC. One hundl"esi rats
serv exposed a: described and the remaining 50
wen carried as unexposed controls. The parental
perv-rations of ¥-1) W rats were maintained 24 months
»et exposure for carcinogenic evaluation. .
A eomplete gross and microscopic pathological
evamination of all tissues was performed on each
~s:rul and expo<ed animal. Particular emphasis

was placed on examination of brain, lung, and liver
tissues and zymbal gland in the rodent ear. The
livers of randomly selected rats were prepared and
examined by electron microscopic techniques.

Neoplastic and nonneoplastic lesions were observed
in approximately equal frequency in control and F,
parent generation of Sprague-Dawley/Wistar rats
exposed to 50 ppm or 500 ppm of VC, 1 hr per day,
five days per week for 10 weeks (49 exposures).

The only lesions that occurred in higher frequen-
¢y in the exposed animals than in control rats were
eosinophilic cellular alterations presented as foci/ or
areas. The appearance of these foci was related to
the dosage of VC. The nature of these lesions are of
interest but as yet are controversial, so that no
inference can be drawn,

Tame® Summan of incidence of histologically proven neoplasms observed within tissues of mice at various intervals following
single or multiple exposures to vinyl chloride monomer.

Number of neoplasms observed (scheduled sacrifice)

Total

Exposure
concentration, 8
ppm months

Irealation
eLjemure

number of
neoplasms
observed

16 18 20

months months months Totals

g V) he 50,000

M.liple (1 hr.

uboﬁooa—am

24 29 110
18 21 78
29 30 a
16 16 62
14 14 T2
22 70 104
2 35 40 45
16 63 8
5 27 3 41

*IUR strain u~vd in single (1 hr) exposure studies; and A/J mice used in the multiple (1 hr) exposure studies.

Table 10. Overall summary: incidence of nonneoplastic changes and histologically proven neoplasms within the lungs of A/J
mice exposed Lo vinyl chloride in multiple inhalation exposures.

Incidence of response

Control (0 ppm),
100 x 1

Vinyl chloride, 50 ppm,
100 x 1

Tisse response M (39"

F 47 M (8¢ F &3

Lirg inumber evaluated)
Edema
Congestion
Fucal hemorrhage
Preumoniti:
Bronchio-alveolar hyperplasia
Unieous metaplasia
Bronchio-alveolar adenoma 11
Bronchio-alveolar carcinoma 2
Reticulum cell sarcoma

13

& Xy 81
1

18 27
8

18 30

EcnBrauo

*Number: ir, parentheses denote animals per group. Total includes animals from scheduled sacrifice (8, 16, 20 month periods) and

spontaneous deaths.
October 1981
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Discussion

The fact that the severity of carcinogenic effects
of VC had been described by various investigators
like Maltoni (2,5) and Lee et al. (6) to coincide with
dose and length of exposure implies that the total
dosage (concentration x exposure time) may be an
important factor in the carcinogenicity of VC. There-
fore, the inhaled dose was approximated by the
Haber (?) concept. In its simplest form this concept
states that the dosage, Ct is the product of C
(concentration in milli /eubic meters) and ¢
(time in minutes). The total concentration can also
be expressed in parts per million (ppm) and the

time can be expressed in hours, producing (1,
ppm-hr. Factors for breathing rate and detox
tion can be added. However, this simplifieq (-
approximation of total inhaled dose is relativ,:
useful, ag is, for comparative purposes. =
In his experiments Maltoni (5, 10) exposed ry.
and mice a8 shown in Table 12 to a series of dose:
VC ranging from 50 to 10,000 ppm for 4 hrids :
days per week for 52 weeks. The results indicat,
questionable carcinogenic effect at 50 ppm or to
dosage of 5200(()B1:'>1;‘>3u)1l§r after 1%5 weeks. In ano.
er experiment , e-Dawley rats,
ed in a similar fashion topé?rgiubut for 17 weeksm
show after 86 weeks a negative carcinogenic n

Table 11. Overall summary: incidence of nonneoplastic changes and histologically proven neoplasms within the liver and luy
of A/] mice exposed to vinyl chloride in multiple inhalation exposures.

Incidence of response
Control (0 ppm), Vinyl chioride, 500 ppm,
10 x 1 10 x 1
Tissue/response M 46r F (482 M (78" F (929
Liver (number evaluated) * * 45 48 78 8
Hepatic cell necrosis 4 6 6 13
Lymphoid cell infiltrate 1 1
Hepatic cell lipidosis 2 2
Neutrophil infiltrate 2 1
Bile duct hyperplasia 1
Granulomatous foci 1
Sinusoidal reticulosis 1
Hepatocyst 1
Amyloidosis 1
Angiectasis 1
Hepatic cell adenoms 1
Cholangiocarcinoma - _ o -
1 6 13 16
Lung (number evaluated) 43 47 %6 90
Edema 1
Pneumonitis 2
Bronchio-alveolar hyperplasia 2 1 2
Bronchio-alveolar adenoma 15 16 56 68
Bronchio-alveclar carcinoma - 3 12 10
17 2 68 81
ENumbers in parentheses denote animals per group. Total includes animals from scheduled sacrifice (8, 16, 20 month periods) ané
spontaneous deaths.
Table 12. Maltoni vinyl chloride studies.®
Test Species Results (earcinogenesis), ppm-hr
BT1 RATS Questionable at 52,000
BT3 RATS Negative st 17,000
Questionable at 85,000
Positive at 170,000; 850,000; 2,000,000; 8,000,000
BTe RATS Positive at 24,600,000
BT7 RATS Negative at 52,000 and 260,000
Questionable at 520,000
Positive at 2,600,000; 6,200,000; 10,400,000
BT¢ MICE Positive at 80,000; 150,000; 300,000; 600,000; 1,500,000; 8.600,000
70 Environmental Health Perspectiveé
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sponse at a total dose of 17,000 ppm-hr, a question-
able response at 85,000 ppm and a positive carciro-
genic response at 170,000 ppm-hr and above. In
experiment BT7, Wistar rats treated with VC. at
doses ranging from 50 to 10,000 ppm, for 4 hr daily,
5 davs'week for 52 weeks in the same manner as
described above show positive carcinogenic affects
gt total dosage of 2,600,000 ppm-hr. The author
suggests from comparison of the experimental data
obtained with two different strains of rats (BT1/BT3),
Sprague-Dawley and (BT7) Wistar, that the strain
geems to be a factor in neoplastic response. Basgd
upon neopla=tic lesions observed, the Wistar strain
was Jess responsive than Sprague-Dawley. Exper-
iment BT4 with Swiss mice, involving exposure to
VC st 50 to 10,000 ppm, 4 hr per day, 5 days per
week for 30 weeks produced carcinogenic effects
with a total dosage Ct of 30,000 to 3,600,000 ppm-hr.

In the studies of Viola, Bigotti and Caputo (1),
tumors were seen in rats which had been exposed
to 30,000 ppm VC, 4 hr/day, 5 days/week, for 12
months. The total dose (Ct) of VC was 28,800,000

m-hr. ‘o
ppIn the studies of Caputo, Viola and Bigotti (8),
rats and rahbits were exposed to VC for 4 hr/day, 5
days'week for 12 months at six dose levels. The
exposure to 50 ppm VC or total dose of 48,000
ppm-hr procuced no tumors. Carcinogenic effects
were observed at total dosage of 320,000 ppm-hr
and above for rats and at 7,800,000 ppm-hr for
rabbits.

Keplinger et al. (9) exposed rats, hamsters and
mice ta V(. Only the data on mice were sufficiently
* complete for examination of total dose effect. Total
dosage of 16,000 ppm-hr and above produced tu-
mors in mice. The final report on the rats and
hamsters i~ still unavailable for evaluation.

Lee et al. (6) exposed mice and rats to three
levels of V'C: 50, 250 and 1000 ppm, § hr/day, 5
days‘'week for up to 12 months. All tests with a total
dose of 4.000 ppm-hr and below were essentially

negative for mice. Positive carcinogenic effects were
noted, however, in mice above 78,000 ppm-hr.

The results of our study indicate that a positive
carcinogenic effect in rats may not appear until the
total dose (Ct) of VC exceeds 50,000 ppm-hr. The
single exposure study with ICR mice was negative
at 50 and 500 ppm-hr, borderline at 5000 ppm-hr
but did produce neoplastic lesions in the lung at
50,000 ppm-hr. The A/J mice exposed to multiple
doses of VC, i.e., 50 ppm x 100'days X 1 hr or 500
ppm x 10days x 1 hr for a total cumulative dose of
VC of 5000 ppm-hr show a significant tumorigenic
response, but only at the higher dose level.

In our studies Fischer rats exposed to a total
dosage of 50, 500, 5000, and 50,000 ppm VC for 1 hr
showed no chemically indu¢ed tumor response. Nei-
ther did the Sprague-Dawley/Wistar rats that were
exposed to 500 ppm VC 1 hr/ day, 5 days/week for
10 weeks (total dosage 24,500 ppm-hr).

Table 13 summarizes various investigators' test
results, including our own, on vinyl chloride. The
tests with ICR mice, single exposure to VC, show
an increased frequency of adenomas at total dosage
of 5000 ppm-hr and above. For A/JJ mice, repeated
exposures to 50 and 500 ppm VC for a total dosage
of 5000 ppm-hr shows a similar dose response pat-
tern for adenomas. In general, in terms of total
dosage Ct, carcinogenic effects are seen in the two
mice straing at Ct levels of 5000 to 50,000 ppm-hr.
Thus total dosage for carcinogenicity in mice is in
general agreement with Lee et al. (6) (78,000 ppm-hr)
and Maltoni (5) (between 30,000 and 150,000 ppm-hr)
and other investigators.

There is no doubt that risk is related to length of
exposure and hence total dose. In our discussion
much attention has been focused on the risk of
cancer associated with total dosage of VC. Howev-
er, the multiple exposure experiment at 50 and 500
ppm dose levels with A/J mice for an equivalent
total exposure to 5000 ppm-hr appears inconsistent
with the thesis of total dosage. Indeed, it appears

Table 13. Other vinyl chloride studies.

Authors Species

Results (carcinogenesis), ppm-hr

Rats
Rats

Rabbits
Mice (rats and hamsters)
Mice

Viola, Bigutts and Caputo (1)
Caputo, Viiia and Bigotti (8)

Replinger ¢ al. (9)
Lee (6)

Consymer Product Safety
Commizsie:, (1979)

ICR mice
A/ mice
Fischer rats

Positive 28,800,000

Negative at 48,000

Positive at 320,000; 1,280,000; 3,200,000, 6,400,000; 12,800,000
Positive at 7,200,000

Positive at 56,000

All tests essentially negutive below 78,000 and
positive above 78,000

50 and 500, negative 5000, borderline positive
50,000 positive

50, 500, 5000 and 50,000, negative

24,500, eoginophilic loci, no cancers

October 1981
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from our own data that concentration may be the
dominant factor for acute or low level intermittent
exposures. This result may be explained on the
basis of & number of factors, i.e., metabolism, de-
toxication, DNA repair or a time for tumor devel-
opment for low level exposure beyond the
lifespan.

As is evident from Table 13, the two strains of
rats, Fischer (344) and 8-D/W, were more resistant
to the adverse effects of single and multiple inter-
mittent exposures of VC.

Qur studies are in agreement as to the dose-time
relationship for carcinogenesis related to the VC
exposure. All of the continuous exposure studies
considered collectively indicate that there is a life-
time total dose (Ct) for VC. However, from our own
studies with single or intermittent low level expo-
sures to VC we believe that concentration may be
the most dominant factor in whether or not carci-
nogenic effects are observed. For single dose stud-
ies with VC in ICR mice, neoplastic lesions were
produced at 5000 ppm. For multiple intermittent
exposures studies with A/J mice the critical concen-
tration for VC was 500 ppm, total dosage 5000
ppm-hr.

Approximate carcinogenic Ct levels of VC based
on data for mice and rats are Ct = 5,000-50,000
ppm-hr, carcinogenic tendencies; 500,000 Ct > 50,000
ppm-hr, definite carcinogenicity; Ct > 500,000
ppm-hr, high incidence of carcinogenicity.

Considerations of Carcinogenicity
of VC: Conclusions

Cancer seems dependent on total dose of vinyl
chloride, especially in life-time exposure studies,
but for short-term exposure the concentrmon may
be the most critical factor.

One dose is sufficient if dose is high enough. Ty

carcinogenic total dose was 5000 ppm-hr for mi
and 50,000 ppm-hr for rats,

There were apparent noncarcinogenic doses y

the study.

Mice were more sensitive indicators than rats fo

carcinogenic effects of vinyl chloride.

10.

. Keplinger, M. L.,
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Environmental Health Perspectives
Vol. 41, pp. 78-81, 1981

Pneumoconiosis in Animals Exposed to
Poly(vinyl Chloride) Dust
by David H. Groth,* Dennis W. Lynch,* William J.

Moorman,* Lloyd E. Stettler,* Trent R. Lewis,* William
D. Wagner* and Choudari Kommineni*

Rats, guinea pigs and monkeys were exposed by inhalation (6 hriday, 5 days/week) for up to 22
months to a 13 mg/m® concentration of PVC dust. Autopsies on rats and guines pigs were
performed after 12 mewths of exposure and on monkeys after 22 months of exposure. Lung
function tests were performed on monkeys after 9, 14 and 22 months of exposure. Aggregates of
alveolar macrophages containing PVC particles were found in the lungs of all animais. These
apyTegates were more numerous in the monkey lungs. No fibrosis or significant cellular
infiltrates were present in or near these cellular aggregates. No significant effects on puimonary
function could be demonstrated in the monkeys exposed to PVC, Under the conditions of this
experiment, inhaled PVC produced a benign pneumoconiosis.

Introduction

Approximately seven billion pounds of poly(vinyl
chluride) (PVC) were produced in the United States
i 1979. There are two major types of PVC produc-
tion processe:. suspension polymerization and emul-
sin polymerization. The latter process produces
particles which are respirable and much smaller
than those in the former process. These polymers of
vinyl chloride are usually compounded with a vari-
ety of ingredients (e.g., plasticizers, light and heat
s:abilizers, piyments and fillers) and processed in
several different ways to produce thousands of end
produets in common use in our society. About 40%
of PV'C is used to make sewage pipes, water pipes
and conduits. It is also used to make construction
siding, window sashes, electrical wire and cable
wnsulation, packaging films (for meat, etc.), vinyl
fluor tile, wall coverings, phonograph records, shower
curtains, bottles, fabrics for clothes, furniture,
aytomotive parts and many other produects.

,'Dl\‘ision of Biomedical and Behavioral Science, Department
of Hea!lh ar:d Human Services, National Institute for Occupa-
tital Safety ard Health, Robert A. Taft Laboratories, Cincin-
rai, Ohgo 45226,

October 1981

Chest x-ray abnormalities, respiratory dysfunction -
and pulmonary granulomas have been reported in
workers exposed to PVC dust during PVC manu-
facturing and fabrication (I-6). Consequently,
experimental studies were initiated in 1975 to study
the effects of inhaled PVC dust in animals.

Materials and Methods

Test Material

Ten pounds of PVC (trade name Geon 121) were
obtained from Goodrich Chemical Company and
used in this experiment. The manufacturer’s speci-
fications stated a particle size range of 0.5-1.5 um.
Electron microscopic examinations in this labora-
tory confirmed that at least 90% of the particles
were less than 1.5 um in diameter. The PVC was
stored in its covered, fiberboard shipping container
throughout the duration of the study.

Dust Generation and Measurements
PVC powder was packed daily or every other day
into a Wright dust feeder at a pressure of 3000

3
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IbAn.2. The generated dust was fed into the main-
stream of the inhalation exposure chamber intake
air supply and through a static eliminator before
entering the 160 ft2 chamber. Airflow through the
chamber was maintained at 40 ft*min with a nega-
tive chamber pressure of 0.2 in. water. Animals
were exposed to PVC dust 6 hr/day, 5 days/week for
up to 22% months.

Four chamber dust samples were collected each
day by drawing chamber environment air, at a rate
of 10 liters/min for 20 min, through DM 5 pm pore
size Metrice] filters with a vacuum pump. In addi-
tion, simultaneous samples consisting of particles
with an aerodynamic diameter & 7 um (respirable
fraction) were collected with a 10-plate, horizontal
elutriator. All samples were weighed immediately
after each sampling period and the chamber dust
concentrations calculated. Adjustments in the dust
generating system after each sampling period were
made when necessary to maintain a concentration
approximating 10 mg of respirable dust/m® of air.
Daily and grand means (derived from averaging the
daily means) for thestotal and respirable dust frac-
tions were calculated.

Midway through the experiment, two 6-hr cham-
ber air samples were collected on charcoal tubes
while PVC dust was being generated. Those two
samples and the bulk PVC were analyzed for vinyl
chloride by gas chromatography. Samples of dust
that were allowed to settle on Formvar-coated
copper grids placed in the chamber during the PVC
dust generation were examined by transmission
electron microscopy.

Animals

Animals used in this study were male, cesarean-
derived, Sprague-Dawley rats (Laboratory Supply
Company, Inc., Indianapolis, Indiana); male, Hartley
guinea pigs (Sweetwater Farms, Hillsboro, Ohio);
and imported, adult, male Cynomolgus monkeys
(Primate Imports Corp., Long Island, New York).
The treatment and control 5roups each contained
80 rats, 40 guinea pigs and 10 monkeys. Because of
difficulties in obtaining imported monkeys from the
supplier, the control group of monkeys was re-
ceived several months before the exposed group of
monkeys. They were not randomly assigned, be-
cause the control group was also used for the con-
trol group in another ongoing experiment. Conse-
quently, at time of first exposure, the mean weight
of the control monkeys was 4219 and that of the
exposed group 3361 g. In the ensuing 22 months,
the controls gained 552 g in weight, whereas, the
exposed group gained 2116 g.

The rats and guinea pigs were quarantined for

u

two weeks and the monkeys were quarantined
one month prior to the initiation of the inhalstip
exposures. Stainless and galvanized steel open s
mesh cages were used as exposure caging to p,
vide adequate distribution of the dust aerozols wit:
the exposure chambers. All of the animals in

study were individually marked by toe-clippinge -

tattoo. All three species were individually hogse
during the 6-hr exposures, whereas the rats y
guinea pigs were housed two to four animals pe
cage at all other times. Control animals were hous
in similar cages in separate animal quarters s
exposed to filtered air 24 hr/day. The exposed i
mals were also housed in the animal quarters a
cept during the 6-hr inhalation exposure. Ry
guines pigs, and monkeys were fed standard lah.
ratory pellet diets (Rodent Laboratory Chow, Guine
Pig Chow, and Monkey Chow-Jumbo from Ralsta
Purina, St. Louis, Missouri). Monkeys were give
fresh fruit (oranges, bananas or apples) twie;
week. Tap water was available ad [ibitum excer
during the exposure period. Food was availabley
the rodents at all times except during exposun
The monkeys were fed once daily at the cessation(
the exposure period.

Pathology

Within one day after the last exposure day. i
the surviving rats and guinea pigs were autopsiet
Their lungs were inflated with 10% buffered form:
lin and sections of liver, spleen, heart, kidne:
pancreas, adrenals, thyroid, testis and urinary bl
der from each animal were fixed in 10% buffer:

Table 1. Results of pulmonary function tests in monken
after 14 months exposure to PVC dust.*

Groups
Pulmonary function test Control  Expo
RL, em HOA./sec 121 = 4.0 138z
CL, mlem H,0 229810 11520
TCL, mi 357 = 89 0=
VC, ml 334 =8 39: "
IC, ml 185=19 2A0:¥
RV, ml 40 =10 5:1'.
RV/TCL, % 11.8=2 98:=2
FeV 0.5FVC, % 7.7 =58 865:*
PF, mi/sec 943 = 91 960:3
FEF 50%, misec 920 =91 5=
FEF, 26%, mlsec 645 = 173 8o~
FEF 10%, mUsec 262 = 14 2092 3°
CV,ml 219 A=k
AN/100 ml 1.05 =03 062"
Viso V, ml 28,7 =19 199:zK

e —

"Dats are presented as means = one standard deviauen b
each of the parameters.
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biore Lo M rophage aggregates in lung of monkey exposed to PVC dust for 22 months. Aggregates are primarily in respiratory

bronchioles & | alveolar duete. (Original magnification 40 x ).

{rmalin. Hematoxylin and eogin stained sections of
tach lobe of e¢ach lung and of each of the above
tisues were jrepared for and examined by light
microscopy. Within 48 hr of the last exposure day,
all surviving monkeys were autopsied and sections
ol the same aforementioned tissues plus tracheo-
bronchial and mesenteric lymph nodes, prostate,
stomach, duc.lenum and gkin were fixed and pro-
ce=~ed in th-- same manner as those for the rodents
with the exceptions that two sections from each
lube of the lungs were examined, and some of the
king tissue was processed for examination by trans-
mission electron microscopy.

Pulmonary Function
Before onset of exposures and after 9, 14 and 22%

October 1951

months of exposure to PVC dust, the following
pulmonary function tests were performed on fast-
ed, anesthetized (pentobarbital anesthetic) exposed
and control monkeys: total lung capacity (TLC),
vital capacity (VC), inspiratory capacity (IC), re-
gidual volume (RV), forced expiratory volume in
0.5 sec (FeV®®), peak expiratory flow (PF), maxi-
mum expiratory flow volume (FEF) at 50%, 26%
and 10% of vital capacity, resistance (RL), compli-
ance (CL), closing volume (CV), N, washout
(AN;/100 ml) and volume of isoflow (VisoV). These
tests were performed with a variable pressure,
whole-body plethysmograph. Means and standard
deviations for all parameters in each group were
calculated at each interval and comparisons made
between groups using parametric and nonparametric
statistical analyses.
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Fictre 2. Macrophage aggregates in lung of monkey exposed to PVC dust for 22 months, (Magnifieation 385 x ).

Results

The mean total dust concentration in the cham-
bers for the rodents was 13.0 mg/m® (SD = 2.34)
and for the monkeys 12.9 mg/m® (SD = 4.69). The
mean respirable dust concentratjon was 10.4 mg/m®
for both the rodents and the monkeys. The mon-
keys were exposed on 464 days for a total of 2818
hr, while the rodents were exposed on 245 days for
a total of 1426 hr.

The vinyl chloride concentrations in the cham-
bers at the two sampling periods were 0.01 and 0.02
ppm. A small nonquantified amount of vinyl chlo-
ride was detected in the bulk PVC.

Electron micrographs of the settled chamber dust
showed individual particles ranging from 0.13 to
1.68 um in diameter and agglomerates measuring
up to 12.8 um in diameter. Although the agglomer-
ates measuring greater than 7 um in diameter

76

accounted for only 2.3% (5/222) of all the partick-
counted, they were estimated to account for mox
than 20% of the mass.

Pulmonary Function

A summary of the extensive pulmonary functic
evaluations indicated some signs of loss of lu:
recoil pressure, probably a result of the anims:
aging process. In most cases, differences were note:
during the second and third testing periods (exp-
sure months 9 and 14) and were indicative of sor:
small airway obstruction. At this time, howew
these differences were not statistically significa”
(see Table 1). At the last evaluation (month =
compared with baseline (preexposure) data, the
were no significant differences for any paramett
tested. L

Because of the differences in animal sizes &
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Tra: -:nission electron micrograph of a macrophage from the lung of a monkey exposed to PVC dust for 22 months. Note

tre numerna- »und and oval, electron dense particles comprising most of the cytoplasmic space. These are the inhaled PVC

taicdes

tween the conivol and exposed groups for all except
the 14-month interval, meaningful comparisons could
= made only ut that time period. At that time, the
mean weight of the controls was 4470 g and that of
the exposed animals was 4190 g, The results appear
1 Table 1. No statistically significant differences
eusted. Imizirment of respiratory function does
.t appear 1o be indicated under the conditions of
s study from exposure to respirable PVC dust.

Pathology

Ten expo-ed and ten control monkeys were au-
topsied 22: . months after initiating exposures. No
Fross abnormalities were seen in the lungs or other
organs that could be related to the exposures.
Light micr..copic examination of the lung sections
of exposed animals revealed macrophage aggregates
(Fig. 1 and 2) in the alveolar walls, alveoli, alveolar

October 1981

ducts, respiratory bronchioles and around veins.
The majority of the aggregates were 100-200 pm in
diameter and some were as large as 475 pm in
diameter. Their concentration varied from three to
seven per microscopic field at 100 x magnification.
The tightly packed, large, spherical macrophages
contained colorless cytoplasm which appeared light
blue under phase contrast microscopy. Only a rare
aggregate contained any other type of infiltrating
cells, which usually consisted of a few polymorpho-
nuclear leukoeytes. No other lesions that could be
related to experimental treatment were present,
and no metaplasia, interstitial fibrosis, nodular fibrosis
or pneumonitis were present. The tracheobronchial
lymph nodes contained aggregates of the same type
of macrophages described above in the lungs. Trans-
mission electron microscopic examination of the
macrophage aggregates revealed numerous round
particles that do not normally occur in macrophages

(ki
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Fictre 4. Scanning electron micrograph of & §um section of lung of monkey exposed to PVC dust for 22 months. This photo show:
the numerous PVC particles which obscure the eellular outlines of the macrophages in which they are residing.

and were of the same size and shape as PVC
particles (Fig. 8). Analysis of these particles with
the microprobe revealed high concentrations of chlo-
rine (Fig. 4 and 5), thus, further establishing their
identity as PVC particles. A few aggregates of
birefringent particles appeared in the lungs and
high concentrations in the lymph node of both the
exposed and control monkeys. These particles were
identified as mica, kaolin and quartz by the use of
microprobe, electron and x-ray diffraction meth-
ods. The bulk PVC did not contain these minerals.
No macrophage aggregates were present in the
control monkey lungs. No treatment related lesions
were seen in sections of the other organs examined.

The 57 exposed and 64 control rats were autop-

78

sied 12 months after initiating exposures. Micr
scopic examination of the lungs of the expos
animals revealed 03 macrophage aggregates/micro
scopic field at 100 x magnification (Fig. 6). Thes
aggregates were smaller and much less frequen
than those seen in the monkey lungs. Chront
pneumonitis, typical for rats, was present witl
equal severity and frequency in the control an
exposed rats. No treatment related lesions wer
seen in sections of the other organs examined.
The 36 exposed and 39 control guinea pigs wert
autopsied 12 months after initiating exposures. Lig"
microscopic examinations of the lungs of expost
guinea pigs revealed fewer collections of giant mic
rophages with clear foamy cytoplasm than tho
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F..owr 5. Chlmine x-ray map of the same ares and magnification depicted in Fig. 4. The white dots indicate the presence of the
eiement chlorite, Note that the dots are clustered in the same area as the PVC particles, thus confirming the identification of the

PVC particles

sevh in the exposed monkeys or rats. Interstitial
I:mphocytic pneumonia was a constant finding in
st of the exposed and control animals, and the
»venty and incidence were not related to treat-
ment. Few macrophage aggregates similar to those
svn in the hungs were present in the tracheobron-
ctial lymph 1odes of the exposed guinea pigs. No
treatment-reiited lesions were seen in sections of
the other orpuns examined.,

Discussion

The monkeys in this study developed a benign,
simple pneumoconiosis resulting from the inhala-

October 193]

tion of PVC dust at a mean concentration of 13
mg/m® for 464 days (2818 hr). The cellular response
visible at 22 months of exposure consisted of PVC-
laden macrophages aggregated into clusters in the
lungs. On the other hand, the lungs of the rats and
guinea pigs contained very few macrophage aggre-
gates and in a much lower concentration than in the
monkey lungs. This difference in degree of cellular
response could possibly be explained on the basis of
fewer PVC particles being deposited in the lungs of
these rodents,

Rodents at rest in the chambers during the day
breathe exclusively through their noses. Monkeys
under the same conditions do not. The rodents in
this experiment had extensive bronchitis and

79
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Figtre 6. Macrophage aggregates in the Jung of a rat exposed to PVC dust for 12 months. Note vacuolated appearance of &

(Magnification 385 x ).

pneumnonitis, whereas the monkeys did not. Both
nose breathing and bronchitis are factors which
reduce the percentage deposition of inhaled parti-
cles in the alveolar regions of the lungs.

Two studies have been published on the pathologi-
cal effects of inhaled PVC in rats (7, 8). In one
study (7) rats and guinea pigs were placed ina PVC
bagging facility. Two guinea pigs and an unstated
number of rats were autopsied 2, 4 and 7 months
after their continuous residence in the facility. Al-
though the animals developed pulmonary diseases,
the small number of animals studied and the lack of
adequate controls makes it impossible to assess the
significance of the exposure to PVC. In the other
study (8) rats exposed to high concentrations (97
gm/m®) of PVC dust in a static air chamber for 1
hr/day for up to 12 months developed bronchiecta-
sis, emphysema, purulent pneumonia, lung abscesses

80

and squamous metaplasia in bronchial epitheliur.
Although the control rats were free of these d-
eases, there were only 10 controls examined. It
view of the propensity for rodents (controls)
contract acute and chronic pulmonary diseases, th
experimental conditions under which control ar:
mals are kept is extremely important, and shout
be stated in the protocol. No mention of this w&
made in that experiment,

Two cases reports showing granulomas in lung:
of two PVC workers have been reported (3. §.
Except for the more closely packed macrophages
the lesions shown by Aranaud et al. (5), the mo”
phology of the lesion is similar to that seen in o<
exposed monkey lungs. Part of the compactness &
the cells in their lesion could be explained on th
basis of artifactual compression caused during U
taking of the lung biopsy. No excess collagen ¥&
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nt in the light microscopic pictures of the
.ppa:fomas they showed in their article, although
thev did refer to their case as a “case of discrete
pulinonar}' fibrosis.” Their electron microscopic pic-
tures of the PVC particles in in vitro cell systems
were very similar to what we saw in the macro-
phages in the monkey lungs. The PVC particles
they showed in a macrophage from the lung biopsy
appear to be clustered in lysosomes and the indi-
vidual particles are not as dense as the ones we
found in the monkey lungs. That difference might
be related to the different exposure durations and
differing intervals since last exposure. Their pa-
tient was exposed to PVC for 23 years (our mon-
kevs were exposed for 22'2 months) and had noPVC
exposure for 6 years (our tissue was sampled within
4 hr of last exposure), It is possible that some of
the ingrecdients in the PVC particles in the human
lung were altered and leached out over a period of
lime.

Szende et al. (3) reported that the lung biopsy
specimen {rom a worker who shoveled PVC for one
vear show ed moderate diffuse fibrosis and contained
a granulma with concentrically arranged connec-
tive tissue fibers. We did not see this in the monkey
lungs.

The apparent difference in response of the lung
tissue from two workers exposed to PVC compared
to the munkeys exposed to PVC might be related to
a variety of factors, including differences in the
PV'C du-:s. Since various types of emulsifiers and
mitiator- are used in making PVC, and since these
are not (ompletely removed from the powdered
PVC, they might explain the differences observed.
It would be prudent in the future to obtain more
information on PVC manufacturing processes and

content of PVC dusts when studying their health-

effects.

Mastrangelo et al. (6) published health findings
on employees who were currently working in a
PVC pr..duction factory. Twenty cases of pneumo-
coniosis were found in a population of 1216 workers.
Although the data were not given, the authors
stated that slight restrictive respiratory function
impaiients were associated with chest x-ray changes
in a sr all percentage of cases. In our study, no
differences in pulmonary function tests could be
detectcd between exposed and control monkeys
after 14 months of exposure to 13 mg PVC/m3.
Whetk.or any pulmonary function deficits would
have cccurred upon further exposure cannot be

October 1981

ascertained from this study. The lack of any significant
pulmonary function abnormality in these monkeys,
however, does not mean that animals or humans
exposed to other types of PVC dust or mixtures of
PVC dust with vinyl chloride (or a multitude of
other ingredients that might be used in fabricating
PVC products) might not exhibit pulmonary fune-
tion changes.

For the first time, we have been able to show
that a PVC dust generated under controlled exper-
imental conditions is respirable and is deposited in
cell aggregates in the lungs of monkeys, that PVC
particles within macrophages are fairly unique in
appearance, and that their identity can be confirmed
with microprobe analyses. No pulmonary function
deficits were found after 14 months of exposure to
PVC concentrations of 13 mg/m®, thus, confirming
the pathological diagnosis of a benign pneumoconio-
sis.

The authors wizh to acknowledge the assistance of the follow-
ing people in this project: George Madden, Brandon Barton,
John Clark, David Brewer, Margrit Stoll, Myra Springs. Hazel
Patterson, Lea Kalejs, Ardith Grote, John Holtz, Charles Gorski,
Richard Niemeier, Richard Hormmung and Patricia Combs.
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P'relimi'nary Observations of the Effect
of Inhalation of PVC in Man and
Experimental Animals

by J. C. Wagner* and N. F. Johnson*

Attention has been focussed, both in man and experimental animals, on the effects of
inhalat:on of the gas monomer, vinyl chioride. Recently, note is being taken of the possible
effects of the inhalation of the polymer in man. The particles in question are those produced
cammereially as paste polymer or dispersion polymer or having an average diameter of 0.15 um, P
and ac counting for mdre than 10% of the production in Britain. There are now strict reguiations
for the cuntrol of the monomer gas, but the particles are regarded as nuisance dust and their
emis~ion is not covered hy specific legislation.

Gur -tudies on rats, where both inhalation and implantation methods of exposure have been
used. and examination of tissue from human cases exposed to paste polymers, indicate that these
small particles can only be regarded as evidence of exposure, and on present evidence there is no
indicwlion of causation of significant pulmonary disease. Technigues have been developed by
which these particles can be demonstrated in ordinary histological preparations and by transmis-

sion virctron microscopy.

T-w finer pariicles of PVC known in the United
it as dispersi 0 polymer, are usually less than
" wm in diameier. During the last five years we
*+.+ conducted i number of preliminary investiga-

"+~ using thiz material, and have also observed -

-~ »mall parti.les in the lungs of men exposed to
. type of PVU. and have recovered these parti-
s« from the Ju s and livers of human cases using
~.vration tecl.niques. A second series of experi-
7 v1x has been - arted but no results are available.

Te recogmition of PVC in tissue has been greatly
‘a-.tated by a staining method developed by
W.wn(l). Norrally processed histological sections
an +lained witi: 2 Sudanophilic dye, which stains
i particles a bright red. As the tissue has been
i~ wvssed and .0} lipid removed, only the PVC and
« me other reli ed plasties will stain, The particles
¢e. also be ricognized under the transmission
v.«xviron micro-cope, and the morphological appear-
avs fupported by the confirmation of the pres-
emce of chloride when examined by x-ray micro-

aralvsis,

".\lrd.‘ca] Resezrch Council, Pneumoconiosis Unit, Llandough
H ~; 0 Penar . Wales, UK.

{ictober 1981

Animal Experiments

Experiment 1

The experimental animals were caesarean-derived,
barrier-maintained rats of the I1.C.1. Alderley Park
Wistar strain, Six-week old rats were randomized,
with equal numbers of each sex, and inoculated
intrapleurally by using a previously described tech-
nique (2). Forty-eight animals received 20 mg of
PVC dispersion polymer into the right pleural cavi-
ty. The control animals were inoculated in a similar
manner (Table 1). The rats were allowed to live out
their lives and all are now dead.

Between 12 and 18 months after inoculation, nine
of the animals receiving the PVC died. Of these,
five had tumors of the liver and one had a tumor
originating from the site of inoculation. None of the
other animals injected with PVC, nor any of the
control animals, had a tumor of this type. These
tumors were shown to pathologists in Britain and
the United States. It was generally agreed that
they were poorly differentiated sarcomas, and in
three of the animals, the possibility of Kupffer cell
origin was considered. As no other animals devel-
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Table 1. Intrapleural inoculation (rats 6 weeks old).

No. rats Treatment

48 rats

24 control rats
24 control rats
24 control rats

20 mg PVC in saline

20 mg UICC erocidolite in saline
20 mg Min-U-8i) (quartz) in saline
saline

oped these tumors, two further experiments have
been started. In the first, dispersion polymer from
three British manufacturers was used, and in the
second, freshly produced dispersion polymer from
two sources has been inoculated, as well as similar
material from which all evidence of detergent or
vinyl chloride monomer has been removed. These
investigations are still in progress, but in the first
of these studies, the animals have passed the 18
month period without any occurrence of the tu-
mors.

Inhalation Studies

A group of 48 rats, 24 of each sex, of the same
stock as used in the previous experiments were
exposed in an inhalation chamber to PVC dust, the
apparatus and methods being the same as previously
described (3). The animals were exposed to disper-
sion polymer, at a concentration of 12 mg/m? for 7
hr/day, 5 days/week, for 5 months, There were also
48 nonexposed controls. The cumulative dose of the
exposed rats was 8552 mg/m® (Table 2). Six rats
from each group were killed at the end of the
exposure, and a further six a year after the start of
the exposure. The remaining animals were allowed

Table 2. Inhalation study,

No. of rats Exposure

48 rats 6 weeks old 22 weeks, 12 mg'm?; cumula-
tive dose 8552 mg/m® -hr

48 control rats None

to survive until they died of natural causes.

The PVC particles were present in the mge
phages within the alveoli arising directly from«,
respiratory bronchioles immediately after the ,
posure. The distribution of these accumula.
was widespread but less than a third of the prim;-
units were involved. Occasional dust particles e~
observed in sections from the bronchopulmong
lymph glands, the Kupffer cells in the liver an¢:
the spleen. At the end of a year, the dust was ="
present in the spleen and around some foci of m
rophages there was evidence of a slight prolife-,
tion of reticulin fibers. This early dust reticulina:;
did not show evidence of progression in any of ¢
other animals, some of which survived for m
than two years after the initial exposure,

Experience with Human Tissue

We have had the opportunity of examining;
limited amount of human tissue. This included thr
cases of accepted angiosarcoma of the liver, am:
with severe hepatic fibrosis who underwent a s;-
sequent porto-caval shunt and material from peo;-
who had been employed in a PVC factory. The
people had either had pulmonary biopsies or h:
died of diseases unconnected with their occupatio::
In all but one case we found small amounts of P\!
in the lung tissue. In two of three angiosarcome
particles of PVC were found after the maceratior:
the liver tissue.

At this stage of the investigation, these particis
can only be regarded as evidence of exposure
dispersion polymer.
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exposed workers.

introduction

In 1975. it was decided to include the cytological
examinaticn of sputum in the protocol of systematic
medical surveillance of the workers in all the Italian
plastic fact ries exposed to vinyl chloride (VC) and
polv(viny] chloride) (PVC).

This prosram was co-sponsored by the Italian
Federation of Unions of Chemical Workers (FULC)
and by the Public Health Service of the Italian
regions where the factories were located.

The deci-ion to investigate cytologically all Ital-
an VC-PV'C industry workers was taken on the
basts of the following facts: (1) the observation of a
marked incivease in the incidence of lung adenomas
in mice ex}.wsed by inhalatory route, to a spectrum
of doses of V'C ranging from 10,000 down to 250
ppm (J-4). (2) the unusual finding of cellular ab-
normalities in a high portion of the lung adenomas
of exposed mice (1-3); (3) the observation of fre-
quent severe abnormalities (squamous dysplasia
and atypicz! adenomatous hyperplasia) in the sputa
of a smal! group of heavily exposed workers (3);
4) the report of some increase in lung carcinomas
among workers from two VC-PVC factories (4);
13} the finding that the majority of lung carcinomas

-~

*rstityte of Oncology and Tumor Center, Bologna, Ialy.

October 1951

The results of systematic cytological sputum examinations of 3,380 Italian VC.PVC indusiry
warkers and of 2,287 workers in other industries at different potential risk and chosen as control

Environmental Health Perspectives
Vol. 41, pp. 85-88, 1981

Results of Sputum Cytology among
Workers Exposed to Vinyl Chloride
Monomer and to Poly(vinyl Chloride)

by Cesare Maltoni* and Paola Lodi*

The results indicate an increase in cellular abnormalities and dysplasias in the epithelium of
the respiratory tract ampong VC.PVC workers. These data are in line with experimental results
showing that VC produces lung tumors in mice and with early epidemiological evidence among

observed among exposed workers were not of a
common histotype i.e., giant cell carcinomas (5).

Planning and Methods

The investigation was carried out on workers
from 138 Italian VC-PVC factories located in the
northern, central and southern parts of Italy,
namely, in Villadossola (1), Portomarghera (3),
Bollate (1), Ferrara (1), Ravenna (1), Rosignano
(1), Terni (1), Brindisi (1), Ferrandina (1), Porto

- Torres (1) and Cagliari (1).

A tota]l of 3380 workers was examined. These
workers have been and/or are exposed to the
monomer and part of them also to PVC dust. For
comparison 2287 workers in other industries at
different potential risk were examined: namely,
workers manufacturing PVC products, workers in
chemical industries not dealing with plastics, metal
workers, miners and workers in the chromium
industry.

For each sputum examination four cytological
slides were prepared. The smears were stained by
the Papanicolaou technique.

The slides were screened and evaluated indepen-
dently by the pathologists of the hospitals in the
area where the factories were located, then by a
trained cytologist in our institute. All abnormal
smears were reviewed by the senior pathologist of

83
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Table 1. Type, sequence and classification of local changes in the genetis of the various histotypes of pulmonary Cartinomy

Stage Cytologit tlase

r Noncilisted cuboid epithelium l

o . Adenomatous Squamous Basal cell 1L, T
Initial nonspecific stage hyperplasia metaplasia  €—  hyperplasia 1111

. Atypical
Intermediate specific state ldenoyn‘:at,ous Squamous &—  Basaloid cell AD-111, 1L
proliferation dysplasia - dysplasia JHO

v In situ In‘;itu
In vitu sgquamous anaplastie
Preclinical tumor {adenocarcinoma carcinoma carcinoma

——— e,

Normal respiratory epithelium

Tumor stage _ _ v
Invasive Invasive Invasive
adenocarcinoma — squamous =% anaplastic
Clinica! tumor qarcinoma > carcinoma

Table 2. Classification. characterization, distribution by classes and code of sputum cytology findings.
Cell character

Type* Degree  Quantity

Normal epithelium (LRE, URE, OCA)
Histocytes
LIl Normal epithelium (LRE, URE, QCA)
Histocytes
n Squamous metaplasia LRE
Hypersecretive mucous cells
1I(JI)  Squamous metaplasia LRE
Adenomatous hyperplasia LRE
1111 Mild atypical adenomatous hyperplasia LRE
. Mild squamous dysplasia LRE
Mild dysplasia URE, OCA
(1T Mild atypical adenomatous hyperplasia LRE
Mild squamous dysplasia LRE
Mild dysplasia URE, OCA
111 Well defined atypical adenomatous hyperplasia LRE
Well defined squamous dysplasia LRE
Well defined dysplasia URE, OCA
Grave atypical adenomatous hyperplasia LRE
Grave squamous dysplasia LRE
Grave dysplasia URE, OCA
v Adenocarcinoma
Suspected Squamous carcinoma
Undifferentiated carcinoma
v Adenocarcinoma
Squamous carcinoma
Undifferentiated carcinoma
Not
evaluable

SLRE = lower respiratory epithelium; URE = upper respiratory epithelium; OCA = oral cavity.
86 Environmental Health Perspectiv®
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I Cytoiogical changes

fowe 1 Incidence of rarious types of cytological ¢

Nop- Hyper-

eval- secretive

ughle mucous Squamous Squamous - Atypical

cases Cases cells and tmeta- metaplasia Adenoma- adenoma-

un Without squamous  plasia  Wwith horn tous hyper- tous hyper- Squamous Dysplasia
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Tavie § Distribution. by classes of eytological changes in sputa: comparison of results among VC-PVC workers and workers of
the reference groups.

Not Classes

evaluable \
N tases Eval. I I-II n -1 ILIID (ID-111 m 1111V v

of rsufficient uable
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Tevpused U a known risk,

Table 5. Intribution of classes I1-(111) and over among VC-PVC workers and the workers in reference groups.

Classes Classes Classes
R 11(111), % 111, (ID-111, % 11, 1111V, %

“mr-of\(l\( industry 30.4
AU manufacturers 29.7
W “hers of van: :+ chemical industries

Moy, workers

¥omers

% rhers in chrormium industry
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the same institute. A joint critical reevaluation was
carried out for those cases where there was not full
agreement,

The same criteria of classification of the lesions
and their distribution by classes were adopted by
al] pathologists.

Such criteria are based on our knowledge of the
local eytological changes and of their sequence in
the genesis of the various histotypes of pulmonary
carcinomas (Table 1).

The list of the most relevant changes correlated
with environmental and occupational exposure,
their distribution by classes following qualitative
and quantitative parameters, and the code, are
given in Table 2. This list takes into account not
only cells from the pulmonary tree, but also cells
from the upper respiratory tract and oral cavity.

Results

The number of valuable cases, the distribution of
the cytological changes and the distribution of the
results expressed by classes in the group of work-
ers in the VC-PVC industries and in the control
groups, are given in Tables 3 and 4. The incidence
of dysplastic changes is particularly high in the
plastics industry workers when_compared to the
other control groups, with the exception of chro-
mium workers, which can be considered a positive
control. The situation is well illustrated by the
distribution of classes 11-(111) and above (Table 5).

It may be stated that, in relation to the incidence
of respiratory cell abnormalities, the workers in the
VC-PVC industries can be placed halfway between
chromium workers and other groups.

A finding which deserves attention is the occur-
rence of atypical cells in the oral cavity and upper
respiratory tract in 44 workers (17%) among VC-PVC
workers (Table 3).

The results were highly homogeneous in dif,.
ent factories, suggesting that variations in climy,
which may affect the incidence of common pné_.
mopathies, is not a determining factor. ;

The difference in the distribution of the Patholg
ical findings was not dependent on tobacco smg
ing.

Conclusions

The results presented are consistent with exper
imental data and early epidemiological evidence ¢
the potential oncogenic effects of VC exposure
the lungs.

Furthermore, our data suggest a possible one.
genic risk for the upper respiratory tract whie
should now be explored by proper epidemiologic:
investigation.

Much remains to be done to clarify the pr
played by the monomer and by polymer dust ¢
determining the observed eytological changes. (¢
data are now being re-examined, on the basis of th '
complete exposure history of single workers. 1
better establish the role played by PVC particles
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wue. | Carcinogenicity of Vinyl Chloride

10€Ncr
XpOsure to Humans
-sible or, .

act wi,
. | by Peter F. Infante
;rﬂ;; :..' A review of epidemiologic ltqdiu of work;n exposed to vinyl e!\loridl (VQ) was conducted.
mges-' " 3? Ta‘nun‘r'\c:::::c .:::;:;;og::r:m :;:‘:t“d:on::‘ c:e;n:n:thr::e‘;"l:i::.::::?i?: ;:kth:)t:l'e:hll:::::
rasis of *r studi -~ used methodology and design that precluded an interpretation of the results. Such s
orkers. limitations were acknowledged by some authors,

partice U of restrictive disease rubries also lead to the submerging of sites that would have

demoncrated significant excesses. For example, some investigators analyzed data for liver
canc e r deaths with the board category of digestive system cancer deaths, while others combined
data for CNS cancer deaths with the broad cateogry of “other and unspecified cancer,” and most
stud: - analyzed information for lymphatic and hematopoietic system cancer deaths with all
duta combined. Only four of eight studies reviewed could demonstrate a significant excess of liver
cancer among VC-exposed workers—a site confirmed in humans by 1974. In contrast, five of
eight ~tudies appear to demonstrate a significant excess of CNS cancer mortality, Workers
esposed to VC also demonstrate a significant excess of mortality for lung cancer, while the data

ORSAG for |y mphatic and hematopoietic system cancer are suggestive. Interpretation of cancer of the
vl Chimy latter «v~tems may have been clarified if investigators had not analyzed their data by broad
‘noeE. \o. discu~ classifieations.
“Au DL
'T:B? n I- 1930, shortly after vinyl chloride (VC) was  observed in several species, given a wide range of
st eliced into commerce, VC toxicity was re-  doses, by various routes of administration.
tee o, i i =+l in experimental animals (1), Over the next Between 1973 and 1977, several epidemiologic
omnutie * devades, sty throughout the world indicated  studies were undertaken to assess the site-specific
"t employment in the VC industry was associated  cancer risk among workers exposed to VC. For this
¢t & wile runye of toxicity in humans. This  presentation, findings of these studies will be
s %y has inciuded nonmalignant pathologic ef-  limited to an assessment of cancer of four organs or
“eisoor symptoms, involving (but not limited to)  organ systems in humans. These same sites are
"+ tenes, liver. central nervous system (CNS),  known to be associated with nonmalignant VC-
-*w= amdd blood 12). related disease or symptoms in humans and cancer
F«tween 1970 and 1974, experimental bioassay  in experimental animals.
v -:,,-xlmlt_ed \}'L‘-linducle)d cancer in multiple or-
s« +inciuding the liver, brain, lungs and lymphatic
L4 14, J). This carcinogenic response nas been  Liver Cancer in Humans
Table 1 shows a summation of data from the
epidemiologic studies as related to liver cancer.
e I . Some authors did not present site-specific analyses
vy S araincen Identification and Classifieation, Health  for Jiver cancer deaths. Therefore, the most specific
a7t Progran + Occupational Safety and Health Adminis- ind : ‘ailable i ted
¢ © U8 Dup=ment of Labor, Washington, D.C. 20210. n ormatan avalabie 1s presented.
“* \we exprese.! 1, this paper do not necessarily represent Waxweiler et al. (5) conducted a cohort study of
"= o7the Uveupen nal Safety and Health Administration. workers who had been exposed to VC in the U.S.
ve 1 tctuber 198] 89
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Table ). Epidemiologic study results of VC-exposed workers as related to biliary and liver or digestive system CANCET dogy,

Deaths -
Investigution Site Observed Expected SMR
Waxweiler ot al. (5) Biliary and liver
Total cohort 7 0.6 1153
Latency > 15 yr 7 0.4 16060
Byren et al. (6) . Liver and pancreas
Total cohort 4 0.97 ap
Latency > 10 yr 4 0.68 589
Fox and Collier (N Liver
Total eohort 4 1.64 U4
Plant #2 > 15 yr 3 0.13 23080
Seven other plants 1 1.51 %
Monson et al. (8) Biliary and liver
Total deaths 8 0.7 1.0
Tabershaw and Gaffey (9) Digestive organs
Total cohort 19 21.7 ]
Highest exposure,
> § yr employment 11 7.5 151
Buffler et al. (108
Ott et al. (22)°
-1
EEH (1) ‘ Digestive organs
Total cohort 29 40.8 |
Latency > 20 yr 9 13.6 0
4p < 0.01.
By < 0,05,

‘Proportional mortality study risk ratio.
No liver cancer identified among 8 cancer deaths,
*No liver cancer identified among 20 cancer deaths.

for at least five years and who had achieved a
period of ten or more years since initial exposure
(latency). On the basis of seven liver and biliary
cancer deaths that fit the cohort definition, the
study demonstrated an 11-fold to 16-fold excessive
risk of death from cancer of this site among
VC-exposed workers. These findings represent an
underestimate of the risk because seven additional
individuals who died from liver/biliary cancer at the
plants being studied were not included in the
analyses. Of these latter seven cases, four individu-
als diagnosed with liver angiosarcoma were still
alive at the study cut-off date, while two individuals
who died from biliary cancer had incomplete infor-
mation on length of exposure to VC. A seventh
individual did not fit the study cohort definition as
he was exposed for only three years. He died from
liver angiosarcoma 17 years after his initial expo-
sure to VC,

Byren et al. (6) conducted a cohort study of all
Swedish workers ever employed in positions where
exposure to VC could have occurred. The investi-
gators combined deaths from cancer of the liver and
pancreas because they believed that there was

some overlap in reporting. There were fou
liver/pancreatic cancer deaths observed, compare.
to 0.77 expected (p < 0.02). An additional dest
from liver angiosarcoma was identified as haviy
occurred after the study cut-off date and thus wx
not included in the study.

Fox and Collier (7) studied U.K. workers ex

posed to VC. In eight factories studied, the

observed a total of four liver cancer deaths ¥
compared to 1.64 expected. Three of these death:
occurred in factory 2, where only 0.13 would have
been expected (p < 0.01). The authors stated thatr
was difficult to identify angiosarcoma of the live
from death certificates (the usual method o
identification), since some of these deaths wer
classified as primary, some as secondary lLive’
cancer, and others were not certified as canct
deaths at all.

The results from the Fox and Collier stud:
probably represent an underestimate of the ot
served risk of death from cancer for the followir
reasons: (1) 75% of the study cohort was emploj&¢
for less than ten years; (2) only 8% of the cohor
was employed for more than 20 years: and (3) evet
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+,¢ those who completed 20 years of service, the
suthors stated that “because their service .has‘ only
~cently been completed, the follow-up period is too
«hort to evaluate the carcinogenic effect of VCM.”
Thus statement obviously applies to the liver as well
a- to other sites. )

Monson et al. (8) conducted a proportional mor-
ity study of 161 deceased workers from two
plants where VC was used. These plants were also
cudied by Waxweiler et al. (5). They observed
eght deaths from liver and biliary tract cancer
versus 0.7 expected; the risk ratio was 11.0.

Tabershaw and Gaffey reported the results of a
hort study of workers exposed to VC in 33 U.S,
irdustrial facilities. The authors did not analyze the
data separately for liver and biliary cancer. Thus,
deaths for these causes are gccounted for in the
category of digestive organ cancer. As noted in
Table 1, for the total cohort there were 19 deaths
‘rum digestive organ cancer and 21.7 expected. For
the highest exposure cohort, with more than five
sears of exposure, there were 11 digestive organ
cancer death- observed versus 7,5 expected. None
uf the obser: ations are statistically significant.

However. the risk of liver cancer in this cohort is
~ubmerged by including data for this cause of death
i the analysiz with digestive organ cancer deaths.
Of the 19 digestive cancer deaths, the authors
noted that seven were from liver cancer. Two of
these liver cuncer deaths were listed as angiosarcoma
according to the diagnosis on the death certificate.
An additior...] four deaths from liver angiosarcoma
wereddentiried in this cohort by the time the study
was published in 1974. Two of these deaths had
been categorized by death certificate diagnosis as
primary liver cancer, and two had been certified
under cau:es of death other than cancer, i.e.,
enthosis of the liver and hepatoma.

This study again demonstrates one of the inher.
ent limitatins of epidemiologic studies (incorrect
diagnosis in relatively rare causes of death) that
result in an underestimate of the relative cancer
risk. An aci-litional factor, indicated by the authors,
that may have led to an underestimate of the risk in
this study was that the group with no vital status
determination, 15% of the population, began their
exposure ten years before the group for whom
followup was completed. As a result, some individ-
uals with longer latency periods were omitted from
the study. In addition, 57% of the cohort actually
studied hud less than 15 years of latency. Because
of the heulthy worker effect, the authors appropri-
ately stated that SMRs higher than expected may
be worthy of attention even if they are not statisti-
cally significant.

Buffler et al. (10) and Ott et al. (11) did not

October 1981

\/
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observe any liver cancer deaths among eight and
twenty deaths, respectively, in their studies.

An unpublished study conducted by Equitable
Environmental Health (12) reported the mortality
of a cohort of workers from 37 U.S. industrial
facilities. This study included data for the facilities
studied by Tabershaw and Gaffey (9). Data were
not analyzed separately for liver cancer. However,
the category of death from cancer of the digestive
organs, which includes liver cancer deaths, indi.
cates g deflcit of mortality, As shown in Table 1,
even for those individuals who had achieved 20 or
more years of latency, the SMR was only 70. It is
somewhat unusual to observe such a deficit of
mortality among workers who had achieved such a
long latency period.

Brain Cancer in Humans

Brain cancer also has been associated with expo-
sure to VC. A summary of the results of mortality
studies is shown in Table 2. Although the number of
cases upon which observations were based are
small, Waxweiler et al. (5) and Byren et al. (6)
demonstrated significant excesses of brain cancer.
The relative risks were five and six, respectively.
Waxweiler et al. (5) also noted an unusual distribu-
tion in the cell type of brain cancer. Of 10 brain
cancer deaths identified among the VC-exposed
workers, nine (30%) had a histologic diagnosis of
glioblastoma multiforme. The tenth case had no
confirmation of cell type. The authors contrasted
this high proportion with that of the Yale autopsy
series in which 33% of primary intracranial neo-
plasms were glioblastoma multiforme.

Fox and Collier (?) observed two brain cancer
deaths as compared to 3.7 expected for the entire
cohort. For those cohort members categorized as
having high exposure, one brain cancer death was
observed versus 0.4 expected. Monson et al. (8)
demonstrated a fourfold risk of brain cancer.

Tabershaw and Gaffey (9) categorized brain can-
cer with “other and unspecified causes of cancer
death;” therefore, it is not possible to determine the
actual brain cancer risk identified in this study.
Since the Tabershaw and Gaffey study (9) was a
subset of the EEH study (12), the latter study was
used to estimate the expected number of brain
cancer deaths in the former study under the as-
sumption that the age distributions were similar.
The proportion of expected brain cancer deaths
from “other and unspecified cancer deaths” in the
EEH study (12) was then applied to the expected
from this same category in the Tabershaw and
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Table 2. Epidemiologic study results of VC-exposed workers as related 1o central nervous system.

Investigation

Site

Deaths
Expected

Observed

Waxweiler et al. (5)
Total cohort
Latency > 15 yr

Byren et al. (6)
‘Total eohort

Fox and Collier (7
Total eohort
Highest exposure

Monson et al. (8)
Total deaths

Tabershaw and Gaffey (9)
Total cohort
Highest exposure,
> 5 yr employment
All exposure ievels

Buffler et al. (10)°

Ott et al (1)
Total cohort
Tota cohort

EEH a2

Brain and CNS

Bruin

Brain

Brain

Other and unspecified

Brain

Al sites other than
digestive and respiratory
Brain

Brain and CNS

Total cohort

0.9
0.6

sp < (.05,

®Proportional mortality study risk ratio.
‘Estimated.

No brain cancer identified among 8 cancer deaths.

Gaffey study (9). As a result, 2.4 brain cancer
deaths were estimated to have been expected and
compared to six observed in the study. This difference
is significant.

Buffler et al. (10) did not identify any deaths from
brain cancer in their small cohort. Ott et al. (11) did
not analyze their data separately for brain cancer,
but rather included brain cancer deaths with cancer
deaths from “all sites other than digestive and
respiratory.” Therefore, using an analytical tech-
nique similar to that described above, the propor-
tion of expected brain cancer deaths among “all
sites other than digestive and respiratory” from the
EEH study (12) was applied to the expected in the
study by Ott et al. (11). As shown in Table 2, there
was a resultant estimated 0.7 brain cancer deaths
expected as compared to two observed. The excess
risk is estimated to be about threefold. The EEH
study (12) also demonstrates a significant excess
brain cancer among workers occupationally ex-
posed to VC. In summary, the data for brain cancer
appear to be more consistent between studies than
the data for liver cancer, although the magnitude of
the excessive risk is not as great for brain cancer.

Lung Cancer in Humans

As shown in Table 3, Waxweiler et al.
observed 11 lung cancer deaths as compared to3.
expected (p < 0.005) for cohort members who ha
achieved 15 or more years of latency. The suthor
also noted what appeared to be an unusual distribi
tion in the histologic types of lung cancer. Of eif™:
histologically confirmed lung cancer cases. fit
were classified as large cell undifferentiated, ax
three were categorized as adenocarcinoma. Thee
cell types are different from those usually assoc:
ated with a cigarette smoking etiology, i.e., sma
cell undifferentiated and epidermoid carcinomas.

With the exception of the study by Fox &
Collier (7), the remaining studies show excess ri
of lung cancer ranging from 7 to 200%. Howeve
the reservation expressed by Fox and Collier (7).
mentioned earlier, about the short period of followt:
limits the interpretation of their study. This ¢*
cern is supported by the observation that the S.\l_,-':
for total mortality was only 75, 75% of what Wow-
be expected on the basis of comparison to Us
standard population.
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Teble 3. Epidemiologic study results of VC-exposed workers as related 1o respiratory system cancer deaths.
T Deaths
-t SALION Site Observed Expected SMR
Rusrwer et al () Respiratory N

S ' 7.
[P 15 yr 1 5.

7 156
1 194¢

o al t6) ) Ll.u'l‘
T 74 tvhomt ' . 168

iy ad Collier (1) Lung

T A cohnm

o= eXpoture

W eal (8) Lung

7 a duaths
o ~caw and Gaffey (9) Respiratory

* . tuhony

H.om et eXpUtUTe.

3 vr employment

AT al (pn® Lun‘
7 ‘o tmhort
oo exposure dutation
= = expusiife figration

e @ I Respiratory
T el ehort L

90
54

Vil o Respirstory
7 “a ovhort
K omat expusure
N-Lim exposure
L% enpurure

LR T
“be peortunal me =ality study risk ratio.

Tahie 4. Epideminiugic study results of VC-exposed workers as related to lymphatic and hematopoietic system cancer deaths.
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However.

'm?"é'“f As shown in Table 3, data fromthe EEH (12)and  judgment. The study by Buffler et al. (10) is
°§.}?. oW BuMer et al. (10) studies suggested a qualitative  particularly noteworthy; within a small cohort of
18 S‘;‘;'}‘.' d~e-response relationship between VC exposure  only 464 workers, a fourfold risk of lung cancer was

1 the S " a-d lung cancer risk. However, retrospective cate-  observed. When the investigators examined the
vhat wo mc £ rization of high, medium and low exposure, as  effect of smoking, under the extreme assumption
m to the %ar used in the EEH study (12), must be viewed  that those with unknown smoking habits were
with caution because of the subjective nature of  smokers, the data still demonstrated a significant

.pecti"f-‘ October 1951 93
-
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excess of lung cancer (5 observed versus 1.98

expected.)

Cancer of the Lymphatic and
Hematopoietic System in Humans

Table 4 summarizes data on cancer of the lym-
phatic and hematopoietic systems among workers
exposed to VC. The relative risks for various
studies ranged from 1.0 to 2.2, and none of the
results demonstrated a significant excess, Although
somewhat suggestive, the data need to be further
analyzed by latency period and exposure levels
combined. Analysis of data separately for lym.
phatic cancers and leukemia might also lead to
meaningful observations.

Summary

In summary, epidemiologic evidence demonstrates
that the carcinogenic effects of VC in humans
extend beyond the liver. The brain and lung should
also be considetéd target organs. Some studies
indicate that the lymphatic and hematopoietic sys-
tems are also involved. These observations in
humans are supported by studies demonstrating
the induction of cancer of these same sites in
experimental animals. -
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German Investigations on Morbidity and
Mortality of Workers Exposed to
Vinyl Chloride

by H. Weber,* W. Reinl,* and E. Greiser!

Two studies on mortality and morbidity of workers exposed to vinyl chloride monomer (VCM)
which have been carried out on behalf of the Ministry of Labour, Health and Social Affairs on

Northrhine-Westphalia are reported.

Vinyl Chloride Mortality Study

The aims of this study were to determine stan-
dardized mor:ality ratios (SMR) for male workers
exposed to VCM, using the mortality rates of the
West German male population as reference, to
zudv the SMRs of a cohort of workers of the
chemical industry comparable concerning age dis-
tnbution and observation period but not exposed to
VCM and to determine the SMR of a cohort of
warkers in PV'C-processing plants.

The study was designed as a historic cohort
study, covering the period from the beginning of
the VCM- and PVC-production in all of the German
plants till the end of 1974.

Table 1 shows the main characteristics of the
three cohoris investigated. Only Germans and
Austrians were included in data analysis because of
insufficient mortality data on various foreign na-
tionals employed in German factories. To deter-
mine the n.ortality rates of Austrians, West Ger-
man rates were used. To calculate expectations of
total mortulity, the mortality rates of the adequate
vears have been used. To calculate expectations of
specific causes of death for all years before 1968,
the rates ¢f 1968 have been used; for the following
vears the rates of the corresponding years. Follow-
ing the procedure applied by Tabershaw (1),

“Staatlicker Gewerbearzt, Disseldorf, W. Germany.
‘Drabete- esearch Institute at the University of Dusseldorf,

P‘}\'E:m of Medical Statistics and Epidemiology, Dusseldorf,
. Germany-.
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weighting of observed cases of specific causes of
death according to unknown causes of death has
been done with weighting factors calculated sepa-
rately for three observation periods (up to 1959,
1960-1969, 1970-1974) as well as for six age groups.

In all of the cohorts, follow-up rates have been
near or above 90%. The percentage of causes of
death that could not be investigated due to loss or
deletion of death certificates varied from 7.3% to
13.1%. To calculate age-standardized mortality ratios
of specific causes of death, weighting has been done
according to the procedure used by Tabershaw and
Gaffey (1) to compensate for unknown or unidentified
causes of death.

Table 2 displays total mortality as well as some of
the relevant specific causes of death. It can be
observed that the otherwise observed “healthy
worker effect” cannot be demonstrated in the
German cohorts exposed to VCM or employed in
PVC-processing plants.

In the VCM cohort there are significant eleva-
tions of SMR of malignancies of the lymphatic and
hematopoietic tissues (ICM 200-209), and of malig-
nancies of the GI tract (ICD 150-159). The latter is
due to the paramount elevation of SMR of tumors of
the liver (ICD 155).

It must be noted that there is a modest elevation
of SMR of tumors of the liver also in the cohort not
exposed to VCM nor employed in PVC-processing
plants. No obvious explanation for this observation
can be offered. In addition elevated SMRs for
ischemic heart disease (ICD 410-414) can be found
in all of the three cohorts. Due to methodological

95
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shortcomings of the study no assessment of cardio-  time-response pattern. As it has been impossibi; -

vascular risk factors has been made. Therefore  determine concentrations of VCM retrospectie

these results are of minor interest. due to technological and methodological problen.
When subdividing the VCM-exposed cohort ac-  no dose-response pattern can be established. Hi.

cording to time of exposure there is a clear-cut  ever time of exposure seems to be the best avy,

increase of the SMR of liver tumors with time  able guess for dose.

(Table 3). This seems to be highly suggestive of a Subclassifieation according to observation periy:

Table 1. Characteristics of study cohorts.

Group I, VCM/PVC  Group 11, reference Groyp 111, P\C
group processing

Population (Germans + Austrians) . 4.910
Man years . 76,029
Follow-up completed till 12731/74, % deceased 2 : 89.8
Observed 417
Expected 533
Unimown causes of death
No. 47
% s 11.3
Total mortality (SMR) 78

Foreigners (excluding Austrians) m
Deceased o 6

Table 2. Standardized mortality ratios.

VCMPVC Reference PVC
production ___group processing

ICD 8 Cause of death Obs. SMR Obs. SMR Obs.

Total mortality . 414 95 18 360
140-209 All malignant tumors 94 12 83 62
140-199 Malignant tumors of organs 79 103 &

200-209 Maligrancies of lymphatic and hematopoetic tissues 24° i

150-158 Malignant tumors of GI tract and peritoneum 4% 149* T

155 Malignant tumors of the liver 12 1523°
191 Malignant tumors of the brain 2 162

410414 1schemic heart disease 91 12"
410 Acute myocardial 66 114

BOO-948 Accidents 137"

b

3 VPG P §
o

el

184

—

120
99

$Beyond 95% confidence interval (2).
*Beyond 99% confidence interval (£).

Table 3. Standardized mortality ratios by duration of exposure.

| meem m e

Duration of exposure, months
< 12 13-16 61-120 » 121
Cause of desth Obs. SMR Obs. SMR Obs. SMR Obs. SMR

102 7 130 %
88 16 AN

186 287 5 W
135 173 17 15§‘

B4t 15250 7T
- 350 ) I £

—
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Malignant tumors of organs

Malignancies of lymphatic and hematopoetic tissues
Malignant tumors of GI tract and peritoneum
Malignant tumors of the liver

Malignant tumors of the brain
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ible - Table 4. Standardized mortality ratios by period of observation.
8pective
| prx"gtl‘)t):-‘: e Observation period
shed. Hu, To 1959 1960-69 1970-74 Total
best ava (D&  Cause of desth Obs. SMR (Obs. SMR Obs. SMR Obs. SMR
ion per po1%  Malignant tumors i 12 160 2% 84 194 108 414 95
perio. sw-3%  Mabgnancies of lymphatic and
hematopoetic tissues 1 147 9 5t 5 168 15 214
19159 Malignant tumors of GI tract and peritoneum 8 20" 13 4 24 1™ 45 149*
5 Malignant tumors of the liver 1 12s 3 s 8 264 12, 1523°
T 16l Malignant tumors of the brain 1 857 o - 1 223 2 162
'is'ing ¢ *Bevond 957 confidence interval.
-110' *Bevond 997 confidence interval,
9%
! Table 5. Standardized mortality ratios by sge.
Age group
24 25-34 35-44 45-54 55-64 * 65 Total
D4 Cause of death Obs. SMR Obs. SMR Obs. SMR Obs. SMR Obs. SMR Obs. SMR Obs. SMR
4 Tial
= rality 10 68 45 111 65 104 80 101 105 B0 9 108 414 95
tew1% Malymant tumors of orgufs’ 0 - 4 141 13 188* 19 141 2 % 21 100 79 103
— Mu-ds Makmiancies of lymphatic
and hematopoetic tissues 0 - 2 1% 4 303 4 264 3 162 2 197 15 218
{ee134  Maliz~ant tumors of GI
traci =nd peritoneum 0 - 3 397 10 865* 10 145 10 B9 12 140 45 149°
1 Maligmant tumors of
.__ the liver ¢ - o - 6 6863 0 - 3 84> 3 1eetd 12 1528°
v __ 19 Maliomant tumors of ,
SMR the bran 0 - 0 - 0 - 1 254 1 362 0 - 2 162
9 ‘Hevond 957 confidence interval.
85 “Beyond 4" confidence interval.
59 -
H
% Table 6. Group~ for subdivision of laboratory examinations.
43 - -
53.:: umap *pecification Table 8. Bromsulfalein retention.®
l' -
1o A VM PVC production pr——
110 All PV'C processing - and
_ K1 VCMPVC production and PVC processing, Austrians Foreigners  Total
work capacity loss < 20%
K11 VCMPVC production and PVC processing, Retention normal 11 20 47
work capacity loss » 20% Retention abnormal 33 21 55
C-1 Germans and Austrisns Total 50 51 101
f-lll :'urexg'neﬂ (Exel. Austrians)
- ‘iants with high morbidity i = 6. i
_ (O3} Piants with low morbidity *Chi square, = 6.25 (p < 2.5%)
—_ Table 8. Bromsulfalein retention,®
- MR Table 7. Bromsulfalein retention.®
P Work capa- Work eapa-
VCMPVC PVC city loss  city loss
“9§ Production Processing  Total < 20% > 20% Total
2
249 Retentior, r..-mal 26 2) 47 Retention normal Q 6 7
158 Eetention abnormal 4 10 54 Retention abnormal 32 2 54
"g;‘“ Toal 20 31 101 Total 73 28 101
-h
*Chi square, = 8,09 (p < 1%). *Chi square;, = 981 (p < 1%).
@ | corm o7




(Table 4) reveals a rather inconsistent pattern:
malignancies of the lymphatic tissues (ICD 200-209)
are significantly elevated in the sixties only, whereas
SMRs for tumors of the liver increase till the end of
the study period. This might be referred to differ-
ent latency periods for both kinds of malignancies,
but other causes might likewise have contributed to
these results. However, it has to be reported that
-the number of angiosarcomas confirmed histologi-

cally in the Federal Republic of Germany in pa- -

tients previously exposed to VCM has actually
come to 17 in contrast to mere 4 at the endpoint of
the mortality study (12/31/1974).

The distribution of SMRs by age (Table 5)
demonstrates an obvious susceptibility of males
aged 35-44 for malignancies in general as well as for
malignancies of the liver.

The data base for the German morbidity study
consists of all of the reports of suspected cases of
oceupational disease due to VCM or PVC produc-
tion or PVC processing. The reference population
for these reports has to be defined as the total

NORMAL £ 1.0
PATHOL. > 1.0

VCM=iPVC PRODUCTION  VCM=/PVC PRODUCTION
AND PVC PROCESSING AND PVC PROCESSING
WORK CAPACITY LOSS WORK CAPACITY LOSS
LD -5 X3

Figure 1. Vinyl chloride morbidity study: total bilirubin (nor-
mal 1.0).

VCM-/PVC PRODUCTION VCM=/PVC MODUCTION
AND PYC PROCESSING AND PVC PROCESSING
WORK CAPACITY LOSS  WORK CAPACITY 1055
4 13 250%

Ficure 2. Vinyl chloride morbidity study: oral glucose woler- |

ance test, 120 min after loading (normal 12/ mg d).

L)

L

VCM-/PVC PRODUCTION VCM=IPVE PRODUCTION
AND PVC PROCESSING AND PVC PROCESSING
WORK CAPACITY LOSS WORK CAPACITY LOSS
<N P ¥R

Ficunz 3. Vinyl chloride morbidity study: reticulocytes (net-
mal 15%).
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i ulation in 1974 in the above mentioned
:ﬂ:gs?ofe.. 6,500 workers in VCM or PVC
production and 42,800 workers in PVC processing
'a+ given by the German Association of Plastic
producing Industries). Till the end of 1974, 269
reports of suspected cases of occupational disease
nad been received. As there has been no consistent
« of examinations performed on each of the cases,
aumbers of observations for various variables ana-
hzed vary according to examination method per-
formed. Insofar as the results of this study are of
much lower validity than those of the mortality
grudy, one should regard them as hints for further
mvestigations.

Four attempts to subclassify observation on the
4 eases have been undertaken (Table 6). Only
those result: showing significant differences when
applving t-tests or chi-square tests are so classified.
Amazingly none of the more sensitive lab examina-
tions of liver functions showed a marked difference
in all of the subclassifications besides bromsulfalein
retention. In this instance there is a significant
difference w hen subdividing"by VCM/PVC produc-
tion versus processing (Table 7), as well as by

October 1981

v\ /
\\

nationality (Table 8) and most pronounced when
subdividing by extent of work capacity loss (Table
9). This latter resuit, however, must be expected
when an effect of exposure on liver function is
anticipated. An impairment of the excretory liver
function is suggested by elevated total bilirubin
values in the subgroup with work capacity loss
greater than 20% (Fig. 1). There seems to be an
impaired glucose tolerance in this group, although
observed in a small subsample only (Fig. 2), as well
as a lower number of reticulocytes (Fig. 3). The
thromocyte count in both groups was the same,
These results, however, lead to no sensible inter-
pretation, as all results attempts failed to standard-
ize the methods applied for thrombocyte counts by
various laboratories.
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Epidemiologic Study of Vinyl Chloride
Workers: Mortality through
December 31, 1972

by W. Clark Cooper*

A population of 10,173 men, employed in 37 plants, was identified as having worked for at least
one year in jobs involving probabie exposure to vinyl chloride monomer (VCM) prior to January
1, 1973. Of the 9677 men whose vital status was determined, 707 were known to have died. For 699,
death certificates were obtained. The standardized mortality ratio (SMR) for all causes was 89,
that for all malignancies was 104. The only type of malignancy found in significant excess was in
the category of malignant neoplasms of the brain and other parts of the nervous system; 12
deaths occurred where 5.9 were expected, for an adjusted SMR of 203. There were slight but
inconclusive upward trends in all malignancies, and for malignancies of the respiratory tract,
digestive tract, and central nervous system associated with reported levels of maximum exposure
to YCM. When groups in whom less than 20 years had elapsed from the first exposure were
compared with those with 20 or more elapsed years, and 23 or more elapsed years, no significantly
different SMR's were detected for major primary sites of malignancy. Plans for an updated study

of mortality, to include deaths in the period 1973-1979 are briefly discussed.

The epidemiologic studies of vinyl chloride work-
ers summarized in this report were carried out
during the period June 15, 1973 through December,
1976 by Tabershaw-Cooper Associates, Inc., and
Equitable Environmental Health, Inc., for the
Manufacturing Chemists Association (MCA) (now
the Chemical Manufacturers Association). '

An initial report, dealing with 8,384 workers
from 34 plants, was prepared May 3, 1974 (2). A
summarized version (2) was published in 1974. The
study population was subsequently increased and
follow-up was improved. After an interim report in
1976 (3), a final report based on 10,173 workers was
prepzred in January, 1978 (4). In all of these studies
the observation period ended December 31, 1972,

Participating Plants

In mid-1973, the MCA identified 43 plants in the
United States, belonging to 19 companies, which
either produced vinyl chloride monomer (VCM) or
used it in the production of poly(vinyl chloride)

*2150 Shattuck Ave., Suite 401, Berkeley, California 94704,
October 1981

(PVC). Of these, 34 were included in the initial
study; four were excluded because they had been in
operation less than 5 years, one had stopped
production in 1966, and in others information on job
histories or exposures was deficient. Three plants
were subsequently added to the original 34, so the
1978 report included 37 plants. Of these, 11 pro-
duced only VCM, 18 produced only PVC, three
produced both,. and five plants produced homo-
polymers and copolymers, with or without VCM
and PVC.

The geographical distribution of those in the
study, as shown in Table 1, indicates a dispropor-
tionate number of workers from the South, particu-

Table 1. Geographical distribution of 10,173 vinyl chloride
workers in 1978 report.

U.S. males Workers in
Region (1970), & study, %
Northeast 23.8 25.9
North Central 219 18.4
South 30.9 64.8
West 174 0.9
101
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larly from the East South Central and West South
Central States. The South, with 30.9% of the total
U.S. male population in 1970, supplied 64.8% of the
study population.

Of the plants participating, the one which had
first begun operations with VCM had done so in
1935, the most recent was in 1968, Four plants had
begun in 1942 or earlier, 13 in 1952 or earlier, and
27 in 1962 or earlier.

The Study Population

The objective was to include all male employees
whose work had involved exposure to vinyl chloride
for at least one year prior to December 31, 1972,
The designation of jobs which involved exposure to
VCM was made by staff members at individual
plants or by a corporate industrial hygienist. In
approximately two thirds of the study population,
TCA staff copied personnel records on individuals
who were identified as having been in exposed jobs.
In the remaining portion of the population, detailed
information on exposed individuals was provided by
plant personnel. The methods used in doing this are
described in the complete reports cited earlier.

Study Period

The period of time in which the work-force of a
plant was included in the study depended upon the
date it began making or using VCM and also upon
the earliest date when personnel records were
complete for all employees, if that was later than
the foregoing. This was done to eliminate periods
when there was differential record retention of

workers terminated, deceased, or retired. The end |

of the study period was December 31, 1972.

Estimates of Exposure

In each plant, every job and location with VCM
exposure was ed in terms of probable expo-
sure. Originally, a job history form was designed in
the expectation that the exposures could be quantified
in parts per million. This proved impossible in
practice. However, for each plant, jobs and loca-
tions involving the highest exposures could be
classified as “high”, and other jobs classified as
“medium” or “low” relative to the “high”. It is
recognized that this subjective classification is of
questionable validity in categorizing the past and
present exposure of a given worker. From the
number of months spent in jobs with classifications
of 3 (high), 2 (medium) and 1 (low), a number of
exposure categories were developed for use in later

102

Table 2. Bases for development of VCM exposure Categury, |

Criterion U ;
L]
Duration of exposed employment Mooth, ¢
Intarval from beginning of exposure to end of Momy ¢
obeervation ‘
Estimated maximum level to which an individual ~ Higp '
was exposed for at least 12 months, Mediue

classified as high, medium, or low.
Integrated or cumulative exposure, erediting
1 for each month at low, 2 for each
month at medium and 3 for each month
at high exposure to VCM
Exposure index (EI) = Cumulative score/aversge
number of months

"”'—s.
Che mee wmea—— v -~

analyses. As shown in Table 2, individual exposwe
in various papers were classified in a number ¢
ways, including the maximum level at which ¢
individual had been exposed for at least 12 month:
an integrated or cumulative exposure, and r !
exposure index based on the cumulative sen ;
divided by the number of months. 3

FO"OW'UP !

As is customary in historical prospective studie:. °
all who had left employment were traced whe '
possible. Methods included form letters sent b;
mail and use of retail credit follow-up. For the fire
report, there was insufficient time to utilize Socia
Security Administration records, but for sube -
quent reports such follow-up was used.

In the first, or 1974 report, 85% of the stud;
population was located; for the final or 1978 repor.
the percentage had been increased to 95%.

The mortality calculations were based only ®
those who were successfully traced. which is equv |
alent to assuming that mortality among those ne:
found was the same as among those who wer
found. This usually, but not always, results in some
overestimation of mortality.

Calculation of Standardized '
Mortality Ratios i

Each worker in the study, i.e., everyone whos
vital status was ultimately known, was consider<
to have been under observation from the date
which he attained a year of exposed employment &
from the date when his plant’s records were o
plete, whichever came later. Qbservation period:
ended December 31, 1972, or on the date of des
whichever occurred first. f

Observed deaths were classified by cause accor®
ing to the 7th (1955) revision of the Internatiors
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Classification of Diseases. The expected number of
deaths by cause were calculated by using age and
ause-specific mortality rates for United States
males with the same birth years and age distribu-
uon for the vears 1950, 1955, 1959, 1965, 1967 and
930.
l Deaths for which death certificates could not be
1ained were assumed to have the same cause
dustribution as the death certificates that were
oblained. Appropriate increases were made in
alculated SMR’s.

The statistical significance of the deviation of
each SMR in the study population from an expected
value of 100 was tested by a method derived from
Chin Leong Chiang (5). The formula for determin-
wng the standard error of the SMR was

£ 100 x SMR
" No. expected deaths

Ian observed SMR differed from 100 by more than
1.4 standard errors, it was regarded as significant
2 the 3% level; if it differed by more than 2.57
sandard ervors, it was regarded as significant at
the 1% level. SMR’s based on fewer than five
vbserved deaths were usually not tested for signi-

ficance,

Resuits

Table 3 summarizes the numbers of individuals,
success of follow-up, person-years and deaths in
successive phases of the study. The number of
deaths per 1000 man-years of observation, which in
general reflects the age distribution of the work
furce, suggests that the proportion of older individ-
ual: increaszcd in the study population as it was
expanded and follow-up improved. Even so, the
3.7 death: per 1000 man-years indicates that a
relatively young population was being observed;
the U.S. male population 20 and above has about 11

Table 3. Numhers of individuals, success of follow-up. person-
deari. and deaths analyzed in successive phases of the study.

Report 1, Report 2, Report 3,
1974 1976 1978

.\:o. of men
No. found 7128 8,74 9.677
* found 85% %% 95%

-\.o deaths 252 525 707
No. certificates 08 511 669
Toal man-yr TI.846  84.221 120,203
Ueaths 1000 man-yr 452 5.67 5.88

8,384 9,109 10,173

October 1981

deaths per 1000 man-years. Some published occu-
pational epidemiologic studies will show 20 or more.

Duration of Exposure to VCM

In the first report, only 15.2% of those studied
had begun exposure prior to 1950 (22 years before
end of the observation period). In the third report,
33.4% had had 20 or more years for observation
since exposure began. This resulted from findin
more early employees by improved follow-up, an
the inclusion of an older group from one plant in the
augmented population.

Standardized Mortality Ratios

Standardized mortality ratios (SMR’s) for selected
causes of death are shown in Table 4, based on the
352 deaths analyzed in Report 1 and the 707 deaths
analyzed in Report 3. Results in the first report led
Tabershaw and Gaffey (1) to conclude that vinyl
chloride may be associated with cancer of a number
of sites, notably digestive cancer, respiratory can-
cer, cancer of other and unspecified sites (primarily
those of the central nervous system) and lympho-
mas. This was based not on statistically significant
excesses in each category, but upon apparent trends
when different levels and durations of exposure
were compared.

With the enlarged study group, the SMR for
malignancies in the entire population dropped slight-
ly, as did the SMR's for malignancies of the buccal
cavity and pharynx, digestive tract and respiratory
tract. However, tumors of the brain and central
nervous system, when examined separately, still
appeared to be in excess.

A number of analyses were done in the third
report in an attempt to sharpen the focus on work
exposures.

There appeared to be a slight but definite trend
in the SMR's for all malignancies, malignancies of
the digestive tract, the respiratory tract, and for
other and unspecified sites with increasing levels of
estimated maximum exposure (Table 5). However,
the numbers of expected deaths were relatively few
in some categories and the groups differed widely
in age distribution as manifested by deaths per 1000
person-years.

To reduce dilution of the study population by men
whose exposures had begun only recently, a sepa-
rate analysis was carried out on those whose expo-
sures to VCM had begun 20 years or more prior to
1972, and on those whose exposures had begun 25
years or more prior to 1972 (Table 6).

Another analysis was made of a population of
men who had worked in plants producing only PVC
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(where VCM exposures were presumably high),
whose exposures had begun 20 years or more be-
fore the end of the study period and who had been
reported as having medium or high VCM exposures
for a year or more (Table 7). This group experi-

Table 4. Observed and expected deaths (O/E) and standardized mortality ratios for selected causes (SMR's adjusted for missing |

enced 210 deaths where 249.7 had been expected
The pattern of mortality from malignancies was
appreciably different from that of the total stud
group. *

In summary, increasing the study population anj

death certificates). -
1974 Report 1978 Report
Cause (ICD Mo, 7th Rev) OE SMR O/E SMR
All causes 35214687 wm 707795 .
All malignancies (140-205) ™ 110 1397141 104
Buccal and pharynx (140-148) 572.84 189 55.19 102
Digestive (150-15%( 1921.7 8 29/40.8 e
Respiratory (160-164) 45/44.3 112 25/23.9 107
Other and unspecified (190-199) 11ML75 155 28/20.2 u7
Brain and CNS (193) — —_— 12/5.9 2030
Leukernia and aleukemia (204) 3.7 85 9/6.65 143
Lymphomas (200-203, 205) 6/6.06 106 11/10.36 112
Major cardiovase. renal
(330334, 400468, 592-5%4) 155207 B 3477385 9%
Cirrhosis liver (581)  «= 315.6 21 14726.5 56
No. of workers 7.128 9.677
Person-yr 71,846 120,208

*Significant at 1% level.
bSignificant at 5% level.

Table 5. Observed and expected deaths (O/E) and standardized mortality ratios for selected causes as related to maximum level
of reported exposure to vinyl chloride monomer (SMR's adjusted for missing death certificates).

Reported maximum exposure VCM

Low Medium High
Cause (ICD Mo, 7th Rev) ' OE SMR OE SMR OE SMR
All malignancies (140-205) 6571 98 56/53.5 108 . 1816.5 12
Digestive (150-159) 14/20.9 2 . 10/15.6 67 bid.4 1t
Respiratory (160-164) 19/22.2 2 19/17.1 116 /5.1 141
Other and unspecified (190-199) 119.9- 119 137.5 . 180 42.7 150
No. of workers ~ 4,926 3.021 1,731
Person-yr 58,741 89,927 21,535
Deaths/1000 person-yr 6.16 6.6 39

Table 6. Analysis of deaths based on time from beginning of exposure to end of study period (SMR's adjusted for mi:'sing desth
certificates).

< 20 yr >20yr > 25
Cause of death
(ICD No. Tth revision) No. SMR No.: SMR No. SMR
All causes 158 ™ 549 93 393 9%
All malignancies (140-205) 3 95 108 107 7 104
Digestive (150-158) 8 9% 21 0 16 4
Respiratory (160-164) [ 80 37 116 2 100
Other and unspecified (190-199) 6 108 2 162 13 146
Leukemia (204) 3 155 6 187 4 137
Cardiovascular-renal 68 84 219 ] 211 105
*Significant at 1% level.
104 Environmental Health Perspectives
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moroving follow-up did not strengthen the sug-
qeted associations between VCM exposure and
alignancies other than those caused by hepatic
soosarcoma. as will be pointed out later, 'and a
«;grested association with tumors of the brain and
rentral nervous system.,

tade 5. Deaths in plants producing only PVC. based on

serhers whose first exposures began before 1952, and who

sad medium or high VCM exposures (SMR's corrected for
missing death certificates).

< aao 0f death

' 0 No, Tth revision) OE SMR

A Chises 210/249.7 84

A_ maignancie« / 140-203) 46/46.04 106
Dngmstive (1304-159) 9/13.63 70
Fieejaratory (16164) 1714.75 122
1revr and unstecified (190-199) 10/ 6.33 167
= mis of biver (381) 6/7.95 80

sa crifieant at 1% level. 3

Angiosarcomas

Nine angiosarcomas are known to have occurred
in the U.S. during the study period, i.e., prior to
12/31/72. As shown in Table 8, eight of these were
found in the study, but only three were coded as
angiosarcoma on the death certificate. However,
four others were coded as tumors of the digestive
tract. Unfortunately, two were coded 230x 50 as to
fall out of the category for malignant tumors of the
GI tract, and one was coded as cirrhosis of the liver.

As shown in Table 8, the angiosarcoma which
was not found was in a man who had died in 1961.
We have not determined how he failed to be in the
study population. The years of exposure for the
eight cases ranged from 4 to 23 years, while elapsed
time from beginning of exposure to death ranged
from 16 to 24 years,

Tumors of the Central Nervous System

The 12 tumors of the brain had been diagnosed on
death certificates as follows: glioblastoma muitiforme,
4 (1 confirmed by autopsy); astrocytoma, 2 (2 au-

Table 8. Angiosarcoma deaths and data on VCM exposures.

Time from
First Year of first exposure Total yr Eat. max. Age at
ICI No ® exposed death to death, yr exposure eXposure death
U=RA2° 1955 1971 16 14 High 38
- 1949 1968 19 18 High s
03 1944 1964 20 20 High 52
A7 1944 1968 24 14 Med 45
-10 1946 1970 24 23 Low 70
-1 1931 1968 17 17 Med 60
-12 1949 1969 20 20 High 50
16 1950 1969 19 4 High 4
-n - 1961 Not in study group

*NJmber usel in registry periodically prepared by J. Stafford, Imperial Chemical Industries Ltd., Plasties Division.

Tabie §. Summary of brain tumor desths (ICD No. 205) and data on VCM exposures.

Time from
First 18t exposure Total yr Age st
Case no. exposad Yr of death to death, yr exposure Max. exposure death
1 1958 1972 14 5 Low 87
2 1967 1972 5 5 Low 43
3 1857 1968 11 7 Med 54
4 1841 1958 17 [ Med 61
5 1950 1970 20 8 High 43
6 1956 1971 15 3 Med 54
B 1047 1971 24 2 Low 87
& 1943 1963 18 18 High “
9 1949 1971 2 21 Low 88
1o 1947 1971 4 - High 49
1 1835 1956 21 18 Low 59
12 1835 1967 2 z Low 57
Uictober 1951 105




topsies); ependymoma of the 4th ventricle (autop-
sy); “malignant brain tumor” or “carcinoma of the
brain,” 5 (with no autospies). This group is cur-
rently being made the subject of more rigorous
review. The information obtainable from our re-
cords, summarized in Table 9, is insufficient to
prove or disprove a cause-and-effect relationship
between occupational exposure and these tumors.

Conclusions

A study of 707 deaths in a population of 9677 men
who had worked for one year or more in jobs
involving exposure to vinyl chloride and whose vital
status had been determined as of December 31,
1972, did not show a significant excess of deaths due
to malignancies. There did appear, however, tobe a
significant excess of tumors of the brain and central
nervous system, based on 12 such deaths. There
also continued to be slight but inconelusive trends
toward higher SMR’s for deaths from digestive
tract and respiratory tract tumors associated with
maximum levels of past exposure. No striking changes
in malignancy patterns were apparent when analy-
ses were directed toward individuals in whom 20 to
25 years had elapsed since first exposure. The
results suggest that, except for a proven associa-
tion with hepatic angiosarcoma and a strongly sug-
gestive association with central nervous system
tumors, vinyl chlaride probably is not associated
with significant excess cancers of other sites.

It should be emphasized that the epidemiologic
study summarized in this report was planned, the
populations defined, and analysis under way before
cases of hepatic angiosarcoma had been diagnosed

in workers exposed to viny! chloride (6). An upg;,

is scheduled with inclusion of additional deaths,

the cohort during the years 1973 through 1979. 1,

study can be improved by a separate analysis ¢

data from the plants which began operations befoa

1960, and by separating, insofar as possible, ex.
sures to vinyl chloride monomer, polyvinyl . -
ride, and various copolymers. It is also hoped ik

criteria for defining exposure and for rating leve,

of exposure can be improved to permit better iné.

ces of integrated exposure.

This study was begun June 15, 1973 under a contract betwee
the Manufacturing Chemists Association, 1825 Connecticut A:
enue, N.W., Washington, D.C. (now the Chemieal Manufac
ers Association) and Tabershaw/Cooper Associates, Inc. It
continued under later contracts with TCA and with Equtab
Environmental Health, Inec.
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Epidemiology of Hepatic Angiosarcoma
in the United States: 1964-1974

by Henry Falk,*t John Herbert,* Steven Crowley,* Kamal
G. Ishak,* Louis B. Thomas,** Hans Popper ¢ and Glyn

G. Caldwell*

A nationwide survey of hepatic angiosarcoma (HAS) in the United States during the years 1964
th-ough 1974 identified 168 cases. Of these, 42 cases (25%) were associated with known etiologic
fu. tors, such as vinyl chloride monomer exposure during preparation of poly(vinyl chloride), use
of Thorotrast in angiography, exposure to inorganic arsenic, and treatment with androgenic.
anaholic steroids; 126°cases (75%) are of uncertain etiology. HAS most often affects males (ratio
of approximately 3:1), peaks in the sixth and seventh decades of life (somewhat earlier than other
surcomas of the liver) and appears to occur more often in the industrialized Northeast and
M dwest (although reporting artifact may be a factor). There is an extraordinary relative risk for
p Ivtviny) chloride) polymerization workers; there may also be other chemical-industrial
a-~ociations that require further investigation. Prospective epidemiologic studies of HAS should
be considered as a means of identifying other causative factors (e.g., chemicals or drugs) related

tv HAS.

Introduction

This repor: is an overview of the nationwide
depatic angicsarcoma (HAS) case-finding study for
the years 191'3-1974 conducted by the Centers for
Insease Comrol (CDC),

Al the star: of this study, three causative factors
tad been ide.tified for HAS: vinyl chloride mono-
mer (VCM) 11, 2), Thorotrast (8), and inorganic
arenic (4). The recently discovered association
tetween V'CM and HAS has served as a stimulus
for this investigation, and multiple epidemiologic
studies of pciyvinyl chioride (PVC) polymerization

_*Ctronic Disv.ses Division, Center for Environmental Health,
Verlers for Div-cse Control, Public Health Service, U.S. Dept.
»!Health and H.man Services, Atlanta, Georgia 30333.

“Author to v - um reprint requests should be addressed.

:Departmer: of Hepatic Pathology, Armed Forces Institute
* Pathology. Washington, D.C. 20012,

**Laboraty*, of Psthology, National Cancer Institute, Na-
% zal Instituts « of Health, Bethesda, Maryland 20014.

¢=ratton Lo uratory for Liver Disease, Mount Sinai School

;-’.;‘erxcine ol the City University of New York, New York

October 1951

workers exposed to VCM have since demonstrated
very high relative risks for the development of
HAS (5, 6). Thorotrast is a colloidal suspension of
thorium dioxide, a radioactive alpha-emitter with
markedly prolonged radiologic and biologic half-
lives, which was used for carotid angiography and
liver-spleen scans in the period 1930-1955. The
thorium dioxide is sequestered by the reticuloendo-
thelial system, primarily in the Kupffer cells of the
liver; radiation injury to adjacent cells is the
presumed carcinogenic mechanism. Epidemiologic
studies of Thorotrast recipients have shown very
high relative risks for the development of HAS as
well as hepatocellular tumors (7, 8). The association
between arsenic and HAS is based on data from
several small autopsy series in German vintners in
the 1940s and 1950s (4, 9), which demonstrated an
increased incidence of liver disease, including HAS.
These workers were exposed to inorganic arsenical
pesticides during application of the pesticide and
also by drinking beverages prepared from the skins
of the sprayed grapes. Subsequently, HAS cases
were reported following long-term ingestion of
Fowler’s solution (potassium arsenite) (70, 11) and
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arsenic-contaminated well water (12). Individual
cases suggesting associations between HAS and
hemochromatosis (18) and copper exposure (14)
have also been reported.

Earlier reports from this study reviewed cases
associated with single causative factors (15-18),
including androgenic-anabolic steroids which we
feel are implicated as a fourth cause of HAS (19). In
this paper, we present an overview of the case-
finding effort, placing the known causative factors
and cases of idiopathic origin in perspective. -

Methods

Information relating to cases of HAS occurring in
the United States during the years 1964 through
1974 was solicited by CDC in a variety of ways:
(1) announcements were placed in seven medical
journals; (2) a mailing was sent to all pathologists
in the country; (3) separate mailings were sent to
all state epidemiologists, major tumor referral
centers, and statewide tumor registries; (4) a death
certificate review for International Classification of
Diseases (ICD), Eighth Revision, Code 197.8 (liver
tumors, unspecified primary or secondary) for the
period 1966-1973 was conducted with the assistance
of the National Center for Health Statistics (NCHS)
and the 50 state health departments (Code 155.0,
primary liver tumors, was not reviewed because it
would have been impractical to obtain the much
larger number of certificates in this category and
because it was felt that the majority of cases of
HAS listed as such on the death certificate would
have been coded as 197.8); (5) arrangements were
made with the Armed Forces Institute of Pathol-
ogy (AFIP) to include cases in their files (1943-1975)
in the review; (6) a number of cases were identified
from industrial surveys of PVC polymerization
workers and others potentially exposed to VCM;
and (7) permission was requested to include the
previously published cases of HAS occurring in
1964-1974,

The evaluation procedure for each identified case
was as follows: Initially, permission was requested
to review the appropriate pathologic specimens (all
submitted non-AFIP case material was reviewed at
the National Cancer Institute’s Laboratory of Pa-
thology by H. P. and L. B. T.). Following confirmation
of the diagnosis, the local physician was notified,
and, with his permission, the nearest of kin was
identified and contacted. Consent was obtained to
review medical records, and a questionnaire was
administered by telephone to obtain detailed occu-
pational, residential, and chemical exposure histo-
ries. In selected instances, friends, employers,
previous physicians or others were also interviewed.

108

. fully matched (79 of these had 4 matched controk.

In all, approximately 350 submitted cases wey
reviewed by the pathology review group, sog
outside our requested time period of 1964-19
Pathologic specimens were obtained for revies
approximately 95% of cases, many of which wen :
considered by our pathology panel not to be His -
Since survival after diagnosis is very brief ax ‘
many cases were only diagnosed at autopsy, v
have included all 168 confirmed cases with des:
during 1964-1974 in the study group.

The above effort is essentially a case revims
Subsequently, the 22,432 death certificates obtaine
from the review of Code 197.8 were used to car.
out a case-control study of occupation as records
on the death certificate in the following manne
Death certificates were sought for all 168 confirme
HAS cases; 166 were available. Controls wen
sought from among the 22,432 death certificates i -
ICD Eighth Revision Code 197.8 (liver tume -
unspecified primary or secondary) that had bee
obtained in the HAS case-finding effort (see above-
certificates of confirmed HAS cases were exclude
from the control selection process. Although death. -
in Code 197.8 might not represent the ideal comr: |
group, the rationale was that these deaths resulte
from a broad variety of tumors of multiple site .
metastatic to the liver or represented cases whic:
were diagnostically uncertain; it was therefor .
unlikely that any single diagnostic category woulé
predominate or that the occupational listings woult
be heavily biased by any single group of cases.

Up to four controls (as many as were available
were matched to each case 3 30 years of age on the
basis of the following criteria: age (=6 years), sex.
race, county of residence, and year of death (=}
years). One hundred thirty-five cases were succes:

v —

-

the overall ratio of controls to cases was appros-
mately 3:1). Individuals who could not be matche¢
were primarily young females and residents o
sparsely populated counties.

A combined occupation and industry coding scheme
was developed to accommodate all listings recorde¢
on the certificates and to group listings on the basx
of potential hazardous exposures. The data wer .
analyzed by Rothman’s method for matched group: |
with multiple controls per case (20).

. . e m—- W v = mm

Results

Our study identified 168 deaths from conﬁrmef
HAS during the years 1964 through 1974. For th#
rare tumor, the best sources of case identificatior

were the pathologists, with the largest number ¢’

cases identified through the single mailing todl

pathologists and the second largest number of cas&
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identified through pathology referral centers (par-
ticularly the AFIP).

Table 1 summarizes the results of the death
certificate review portion of the case-finding effort
and points up some of the inadequacies of using this
method in epidemiologic studies of uncommon tu-
mors. Only 42% of the cases initially identified on
the death certificate as HAS were confirmed as
such on pathologic review; 50% of the cases were
confirmed not to be HAS. Furthermore, only 23%
of all the total cases in our study during the years
1966-1973 would have been identified by the death
certificate search alone. It can be seen that an
epidemiologic study based only on a death certificate
search of Code 197.8 would have been quite inadequate.

Figure 1 compares age, race and sex data for the
confirmed HAS cases in our study with 181 cases of
non-angio hepatic sarcoma identified in the death

Table 1. HAS cases, CDC survey: death certificate review—
code 197.8 (8th revision ICD), 1966-1973

Length of review

7.5 vears 119661971, 1973, 1/2 of 1972)

Total number of death certificates reviewed 22,432
Sarcomas of the liver, death certificate diagnoses:

certificate survey (these latter cases were not
confirmed by pathologic review). HAS has a strik-
ing male preponderance of approximately 3:1; this
is not true for other hepatic sarcomas. HAS also
appears to occur more often in younger age groups.

The higher proportion of males than females with
HAS first appears in the 40- to 49-year-old group
(Fig. 2) and is associated with a younger peak age
for males than females, although the mean age for
female HAS cases (50.1 years) is lower than that for
males (57.9 years). These findings are not solely
related to the VCM-induced cases among polymer-
ization workers. The male preponderance is also
present in the Thorotrast, arsenic, and androgenic-
anabolic steroid associated cases, as well as in the
idiopathic cases (Table 2). Cases with known etiolo-
gy, however, have a younger age distribution than
idiopathic cases (Table 8), with a mean age of 51.0
years compared to 57.6 years for the idiopathic
cases.

Table 4 presents the 168 cases of HAS by year of
death and etiologic status. The VCM-, Thorotrast-
and androgenic-anabolic steroid-associated cases
were more common during the latter part of the study

Angosarcoms (HAS) Lyl Table 2. HAS cases, CDC survey, 1964-1974: sex ratios,
Fibrosarcoma 14 ( 6.8%) ¢tiologic categories.

Sarcoma (type unspecified) 64 (31.2%) .
Sarcoma (other types) 29 (40%) Male Female  Ratio
Total 205 Vinyl chloride 12 0 (12 : 0)
Final pa'*logic diagnoses of 74 cases Thorotrast 15 5 (3:D
identifi-d on death certificate as HAS Arsenic 4 2 (2:1
Confirn.ed HAS 31 (42%) Androgenic-anabolic steroids 3 1 {3 :1)

Confirr.ed not HAS 37 (50%) " . A s
oniim e¢ not B4 Subtotal 84 8 (43D
~‘\0 pa\!.olon ‘Vmbh _6 ( 8%) Idlopathlc 93 33 ‘ 2.8 1

90+ 04
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Ficure 1. Hepatic angiosarcoma (HAS) cases compared with
non-angio hepatic sarcoma cases, by age group: U.S., 1964-1974.

October 1981
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Ficure 2. Hepatic angiosarcoma cases, by sge group and sex:
U.S., 1964-1974
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Table 3. HAS cases, CDC survey, 19641974 age distribution
for cases of known cause and for idiopathic cases,

Known etiology Jdiopathic

Age, yr No. % No. %

09 1(2 2(2
10-19 0 (- 4(3)
20-29 0(-) 1(1
80-3¢ 4 (10) 8 ( 6
40-49 8 (19) 19 (15)
50-58 2 (52) 24 (19
60-69 4 (10) 39 @31
T70-79 3(7 21 (A7)
*80 0(-) 8 (6
Total 2 126

period. For the VCM- and androgenic-anabolic
steroid-associated cases, this is due to the rela-
tively recent introduction of these causative agents.
For the Thorotrast-induced cases, however, this
pattern was an unexpected finding. Based on the
originally calculated latent period of approximately
20 years (21), the general impression was that such
cases would be diminishing by 1975. However, the
number of cases appeared to still be increasing as of
1974, apparently due to an increase in cases having
" relatively low-dose angiographic procedures and
prolonged latent periods (16). The arsenic-associated

cases (including five adults with a history of pro
longed use of Fowler's solution and one child with
environmental exposure) occurred primarily during
the earlier years of the study and may represen
the tail end of a larger problem in previous year,
The number of idiopathic cases was low during the
first few years of the study (perhaps related to poor
recall by pathologists, and to the fact that the death
certificate search started with 1966). Case num.
bers, however, remained steady for most of the

. study period except for a spurtf in 1974. The latter

occurred right after the original report and the
attendant publicity of the first cases of VCM.
induced HAS (January 1974) and may be related to
improved diagnostic evaluation. Review of the
idiopathic cases occurring in 1974 demonstrated a
large number of elderly cases with no evidence of
clustering in a particular exposure setting.

The HAS mortality rate for the entire United
States during the study period was 0.75 cases per
107 population per year. Crude mortality rates by
region, based on county of residence at time o
diagnosis (Table 5), suggest a somewhat higher
incidence in the Northeast and in the industrial
portions of the Midwest. There was also an increase
in the mountain region, although this is based ona
very small number of cases. The rates were low

farming states and in the South; however, since

Table 4. HAS cases, CDC survey, 1964-1974: distribution by causative factors and year of death.

1964 1965 1966 1967 1968 1969 1970 1871 1972 1973 1974 Tot
Idiopathic 4 10 L) 13 12 13 11 12 13 11 18 126
Vinyl chloride 1 - - - 3 2 1 1 - 3 1 12
Arsenic 1 - 1 2 1 - - - - 1 - é
Thorotrast - - - 1 2 2 3 2 4 1 5 20
Androgenic-anabolic steroids -~ - - 1 - - - 1- - 1 1 _4
Total 6 10 10 17 18 17 15 16 17 17 25 188
Table 5. HAS cases, CDC survey, 1964-1974: distribution by region.
No. of cases No. of idiopathic cases
Region States Pop. 1970 (HASNO"yr.)  (idiopathicHAS/10'yT)
1. New England ME, NH, VT, MA, RL CT 11,847,186 12 (0.92) 9 (0.69)
2. Mid-Alantic NY, NJ, PA 37,152,813 38 (0.93) 98 (0.69)
3. E.N. Central OH, IN, IL, M1, WI 40,252,678 35 0.79) 30 (0.68)
4. W.N. Central MN, LA, MO, ND, 8D, NB, K8 16,324,389 10 (0.56) 9 (0.50)
5. 8. Atlantic DE, MD, DC, VA, WV, NC,
SC,GA, FL 30,671,337 23 (0.68) 15 (0.44)
6. E.S. Central KY, TN, AL, MS 12,804,552 7 (0.50) 1 (0.07)
7. W.S. Central AR, LA, OK, TX 19,322,458 12 (0.56) 10 (0.47)
8. Mountain MT, ID, WY, CO, NM, AZ,
UT, NV 8,283,585 10 (1.10) 7 0.
9. Pacific WA, OR, CA, AK, H] 26,525,744 21 (0.72) 17 (0.58)___
Total 203,184,742 168 (0.75) 126 (0.56)
110 Environmental Health Perspectives
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e « are diagnosed only after referral to
,j - hc::;it.al and tugr:or centers, it is possible that
"« raral rates could be artifactual. .
1. summarize this portion of the study, it is
ccarent that HAS has a strong male preponder-
4 . that it appears to occur more often in younger
o~ groups than other sarcomas of the thr, and
vy there may be geographic differences which are
_-wv.ated simply to the distribution of VCM associ-
=i cases (the largest number of which were in
porsucky and West Virginia). As part of the
¢ w.up effort we looked at occupation in the
a0k certificate case-control study. Table 6 shows
.;* the case-control ratios were elevated only for
.. last two occupational categories. The first of
- (#7) shows a highly significant difference for
. mical workers that is entirely related to expo-
+.n 10 VCM: all 10 cases were PVC polymerization
s saers. The lust category (#8) combined a large
..=her of laburing groups with potential exposure
+ a variety of chemicals; included are laborers,
-_:=mists, maintenance workers and others. The
a-xiation of this heterogeneous grouping of occu-
-atmns with HAS is not statistically significant, nor
= reviewing the individual becupational data from
+=¢ interview~ with family members were we able
«, wlentify a specific chemical, plant, or process as a
sausative factor. Nevertheless, taken together with
= earlier findings, this association suggests that
« mv chemical exposure or industrial factors may
 related to « portion of the idiopathic cases. Such
o7 a~sociation. would not be unreasonable; machin-
~'s, e.g.. are potentially exposed to trichloroethyl-
rre (a0 exper:mental hepatocarcinogen that is strue-
atully related to vinyl ehloride), inorganic arsenic
and nitrosari’nes (which have been identified in
catting fluid~ and are a known cause of HAS in
arimals) (22, 23).

Discussion

A particuarly intriguing feature of HAS is that
there are nuw four probable causes of this tumor,
and vet about 75% of the cases are of uncertain
ctiology. Given that the HAS cases associated with
the four quite distinct etiologic factors (VCM,
Thorotrast. arsenic, and androgenic-anabolic ste-
roids) share a common morphologic progression to
HAS which is indistinguishable from that of idio-
pathic cazes (24), it is likely that additional causal
factors are (or will be) associated with HAS. In this
study, the male preponderance, the younger age
distribution, the possible geographic relationship
with industrial portions of the country, and the
suggestion from the death certificate case-control
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study that groups with chemical exposure may be
at higher risk, raise the possibility that some of the
idiopathic cases may be related to presently
unidentified environmental or occupational expo-
sures,

This study and that of Baxter et al. (25) confirm
the limited diagnostic reliability of death certificate
diagnosis of HAS and the need to assess a variety of

Table 6. Occupation as recorded on death certificate, case-
contro] study, CDC HAS survey, 1964-1874.

Cases Control
(N - 135) NV =-421)

Occupation

Professional, technical,
engineers

Managers, administrators

Sales, wholesale/retail trade

Clerical

Communications

Finance, insurance, real
estate

Business, store owners,
proprietors

Service workers
Housewife, homemaker
Military, government
Unlisted, retired, disabled

[
—mponod

|
DlrreBowea w

(56%)

(5%)
(2%)
(5%)
(2%)

Agricultural (farming,
stock, feed, fisherman)

Mining

Transport

Carpenters, craftsmen

Manufacturing (unspecified,
untitled, other) .

Lumber, logging, wood
products

Metal, steel

Food, beverages, tobacco,
packing

Textiles

Paper, printing

Rubber/plastics

Automobile

womon 0w B oRel BlReEEE . onB8Ns

46 (11%)
1 (0%)
p =420 x 107
"

Sel
W IO - W oo n

Chemical

Machinist-metal cutter
Machine operators

Forgers, molders, casters
Painters

Sanitation, water works, power
Maintenance, custodians
Laborers

Construction

Heavy equipment operators
Repair services

Mechanics

*N'—'lﬂhﬂmﬂlﬁlﬂﬂoﬂ
lmmm»gonamm

[

1 (23%) 9 (19%)

p =011

SStatistical analysis for case-control study with muitiple
matches (20).
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sources of data in order to identify cases for studies
of rare tumors such as HAS.

The Thorotrast data are instructive because the
initial estimate of the latency period has lengthened
with time; recent cases have been in individuals
who had relatively low-dose procedures but pro-
longed latent periods (16). This accentuates the
need to continue evaluation of VCM exposed groups
for the possible appearance of a similar pattern.
The time frame covered by our study is perhaps too
early to detect a sizable number of cases with
relatively low VCM exposure either in occupational
or environmental settings. In addition, Thorotrast-
induced HAS was noted approximately 10 years
before Thorotrast-induced hepatocellular tumors
were recognized; given the identical morphologic
appearance after VCM exposure, involving mixed
hyperplasia of sinusoidal cells and hepatocytes, and
the occurrence of hepatocellular tumors in experi-
mental animals exposed to VCM (26), we need to
continue to follow-up VCM-exposed cohorts for the
possible appearance of hepatocellular tumors.

Cases of HAS gssociated with various factors
have previously been reported (24, 27, 28); individ-
ual cases associated with hemochromatosis, prior
radiotherapy, chloroprene exposure and chemother-
apy with urethane were also noted in this study,
but we have not discussed them in detail here.

It would appear valuable to continue epidemiologic
studies of this rare tumor. This might enable early
detection of additiona] etiologic factors for this
disease, such as the various structural analogs of
vinyl chloride (e.g., viny]l bromide and vinylidene
chloride) which have had industrial use. However,
because of the difficylty and time involved in
establishing adequate surveillance for rare tumors
such as HAS or mesothelioma, it would be best to
establish a single framework for studying a number
of rare tumors or marker illnesses at once. One
would then be able, e.g., to survey pathologists or
other groups at a single time to obtain information
on a variety of such conditions.

HAS is a rare tumor with at least four probable
causes and undoubtedly others that have not yet
been identified. Ascertainment of the range of
causative agents for HAS, as well as for more
common tumors, presents a challenge to epidemiol-
ogists.

We acknowledge the support of Clark W, Heath, Jr., Matthew
Zack, Joyce Cannon, Robert Albin, Alice Little and Carolyn
Forrester of the Centers for Disease Control; Paul Leaverton of
the National Center for Health Statistics; Irving J. Selikoff of
the Mount Sinai School of Medicine: Norman C. Telles of the
Bureau of Radiologic Health; and Donald M. Austin of the
California Tumor Registry. We particularly appreciate the
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The British Hepatic Angiosarcoma

Register
by Peter J. Baxter*

A register of British cases of primary hepatic angiosarcoma (HAS) was established in 1974 to
monitor the occurrence of cases from 1963 onwards. Details of cases dying in 1963-77 have been
obtained. Thirty-five cases were agreed as HAS by a panel of liver pathologists, and occupational
and medical information was obtained in the majority of these. Two cases were attributable to
YCM exposure, and eight others had received intra-arterial Thorotrast. In 1978.79, two more
cases were confirmed in VCM polymerization workers.

introduction ‘s

In 1974, the Health and Safety Executive em-
barked upon a mortality study of all workers in
Great Britain who had been exposed to vinyl
chloridc in the manufacture of vinyl chloride (VCM)
or poly:vinyl chloride) (PVC), and a register of
British rases of primary hepatic angiosarcoma (HAS).
The mi rtality study embraced over 7000 people,
and an ::nalysis of deaths up to the end of 1974 has
been | iblished (7). The main finding was four
certifie] cases of liver cancer, two of which were
histolo,ically confirmed HAS. An update of this
analysi- has been postponed while, with the collab-
oratior: of the factories concerned, exposure data
are being refined to take into account job changes
and exposure to PVC dust. A mortality study of
PVC fabricators was considered, but remains in the
plannirg stage. The register is also the basis for a
case-cuntrol study of occupation for those cases
occurring from 1974 onwards (2).

To d-termine the annual occurrence of HAS and
to moitor its incidence, cases dying in 1963-73
were reviewed as well as those occurring after this
period. Information on cases for the 15 years
1963-77 has now been obtained and will be outlined
?;ere. Further details may be found elsewhere (3,

—

*Heah and Safety Executive, 25 Chapel Street, London,

XW1 30T, England. Present address: Chronic Diseases Divi-

fion, ¥-ecial Studies Branch, Center for Disease Control,
Atlanta, Ga. 30333,
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Methods

Cases were identified by a search of death
certificates in seven appropriate categories of the
International Classification of Diseases for a diag-
nosis of HAS (or one of its synonyms). Hospital
pathologists and cancer registries were requested
to report cases, as were the medical departments of
factories manufacturing VCM or PVC. Some cases
were identified from publications. When available,
histological material was sought for all the reported
cases and submitted to a panel of three liver
pathologists (Drs. P. P. Anthony, R. N. M.
MacSween and P. J. Scheuer), who reviewed the
slides independently and without knowledge of the
prior diagnoses. For control purposes, histological
material from other liver cancers was included. For
those cases agreed by the panel as HAS, the full
medical records were sought and further informa-
tion, for example, occupational histories and alcohol
consumption, was obtained when possible by inter-
view with the next of kin.

Results and Discussion

Eighty-eight cases were reported from all sources.
The panel agreed the diagnosis in 32 cases and
three more were agreed from among the controls,
In half of the confirmed cases the diagnosis had
been recorded on the death certificate, but the
remainder would have been missed if reliance had
been placed upon death certificates as the sole
method of ascertainment. At least some clinical and
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necropsy details were obtained in all but two pa-
tients. Occupational histories were obtained in
91%, the occupation recorded on the death certificate
being accepted for the remainder.

The annual numbers of both reported cases and
those agreed by the panel increased after 1975, so
that in 1977, 12 cases were reported, 10 of which
were agreed by the panel. Between 1968 and 1977
an average eight cases per annum were reported
and three per annum were agreed by the panel, the
population of Britain during this period being about
50 million, The observed increase in incidence was
almost entirely due to 10 cases of known etiology;
eight were patients who had received intra-arterial
Thorotrast (a colloidal suspension of thorium diox-
ide), and two others had been VCM polymerization
workers. Plotting on a8 map the last places of
residence of all 35 agreed cases revealed a cluster of
six Thorotrast cases in or around Edinburgh,
where the use of Thorotrast in neurological diagno-
sis had been greater than at any other British
center. One hundred and nine patients who had
received intra-arterial Thorotrast in Edinburgh
during 1933-48 have been followed up in detail (5):
about three quarters of these patients have died, 13
(17%) from liver tumors. Histological material for
review by the panel was available in nine of these.
In those cases dying in earlier years, the tumors
were predominantly cholangiocarcinomas, but later
cases were all HAS, confirming that the recent
emergence of Thorotrast-induced HAS in Britain is
a real increase in incidence and not an artifact due
to under-reporting of cases occurring in the past,

Twenty-eight of the 35 cases were males; one
female infant died aged 8 months. For idiopathic
cases, the male:female ratio was 4:1. Adult cases
were assigned to one of the Registrar General's five
social classes according to the occupation on the
death certificates. The social class distribution was
unremarkable, except that the only cases in social
classes one and two were four men, all of whom
were designated as electrical engineers. In fact, six
out of the 28 males had worked in the electrical
industry at some time, a figure in excess of any
other industry. Three other men had been em-
ployed in workplaces where PVC was fabricated,
but the occupational histories were inadequate to
confirm that these men had worked with PVC. One
other male case had lived for six years before his
death within a half mile of a plant manufacturing
PVC. Occupational exposure to arsenic did not
appear to be a factor in any of these cases.
Arsenical drugs were commonly prescribed in Brit-
ain in the past and, in a few areas, even until the
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early 1960’s, However, one case only was Suspecte:
to have clinical evidence of chronic arsenical intgy_
cation, but nail and hair analyses for arsenic wen
negative and the medical records were inadequ:,
for verifying the use of arsenical drugs. None ¢
these cases was recorded to have taken androge:..
steroids (6), but one woman had taken an estrop,:

preparation for several years. Alcohol did u; :
appear to be an important factor in the majority v i

cases, only four men having a history of hea:
consumption. '

In its age distribution, clinical presentation an:

prognosis, HAS resembled primary liver carcinom:
(4). Upper abdominal pain and a hepatic max
were the commonest presentation, and extrahepa'y

metastases were found in 23% of cases only. Fr. -
cluding the Thorotrast cases, and for men only, the

median interval between the onset of symptor.
and death was six months for those aged unde
sixty years, and only six weeks for those aged six:
and over, a difference which was statistically high
significant. Hemochromatosis was not evidem it
any of the cases.

In 1978-79, two more cases of HAS have bee:
confirmed in polymerization workers, and anoth:
case has led to speculation that hydrazine derivi
tives, such as phenelzine, may induce angiosareom
in man (7). It is too early to predict the full impar
of past industrial exposure to VCM in Britain and
at least until the picture becomes clearer the
monitoring of HAS should continue.
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aged ll).u'lodr:}r The increasing concern of industrialized societies over the potential health hazard of synthetic
. aged sixty chemicals in the occupational environment has led to goverment requirements for medical
cally hi h]‘\‘ laboratory screening of workers. The .speciﬁc tests for such lcre_enin' programs are most o!'tcn

S Ngh selected on the banis of medical experience which utilized them in symptomatic or hospitalized

evident in pupulations. Required screening tests for hepatic injury including cancer in vinyl chloride

workers has been systematically and prospectively studied in an industrial population working

have beer, with synthetic rubber and plastics. Approximately 1300 employees were studied over a five-year
nd another period. A cohort of 969 male employees, for the purposes of analysis, were divided into a
ine deriva- “standard” and “nonstandard” population based upon the absence or presence of significant
] medical disease (including liver disease). A subcohort of 120 individuals was further identified
reoma based on availabiliity of liver biopsy. Evaluation of federally required studies included alkaline
impact phosphatase (AP), y-glutamy! transpeptidase (GGTP), alanine aminotranserase (ALT, SGPT),
Britain and aspartic aminotransferase (AST, SGOT) and bilirubin (BR). Also studied were indocyanine green
Jearer the clearance (ICG) and radioisotopic liver spieen scans (L-8 scans). The GGTP provided the highest
pusitive predicted value as a screening test for identifying “nonstandard” individuals (individuals
- . with all types of medical disease) followed by ICG, AST, ALT. L-5 scan, AP, and BR,
In the identification of asymptomatic liver disease the GGTP had the least specificity due toa
high false positive rate, while the AP provided the highest specificity. The ICG clearance
however, provided the best combination of positive predictive value and sum of specificity and
. , sensitivity. The AP provided additional increase in specificity as a follow.up study. There was no
g evidence that any of the other federally required tests added any additional benefit and did add
'g 'tt Jm?ﬁ: significant increase in the false positive rate. These studies support the need for evaluating
nt. J. screening tests as to their sensitivity, specificity and positive predictive value, in asymptomatic
manufactur- individuals, before they are made established requirements. .
1 of the liver.
N, M. and Introduction reduce disability, morbidity and mortality in work-
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fele= weupationzl environment. Governmental regula- 9] toxin or carcinogen, which has the potential of
ker cumour medical laboratory screening required for a large  exposure.
win. Brit. J. “:’*;'iet.\' of halogenated hydrocarbons as well as Most screening studies are directed toward the
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basis of medical experience which utilized them in
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conditions (1). The cost effectiveness of such tests,
however, in the determination of medical screening
requirements, has played a limited role due to the
E:tential seriousness of these occupational agents.

ittle attention has been paid as to whether the
effectiveness of federally required screening pro-
vides the best or, more importantly, a necessary
benefit when applied to asymptomatic and other-
wise healthy worker populations.

The discovery in 1974 of hepatic toxicity and
cancer formation in vinyl chloride workers provided
the opportunity to systematically and prospectively
study the effectiveness of federally required and
federally recommended medical screening proce-
dures for the detection of chemical liver injury,
including cancer development (2). Table 1 lists the
federally required medical screening procedures
since 1974 for environments utilizing vinyl chloride
or polyvinyl chloride. Table 2 lists the federally
recomnmended studies for these same environments.
This paper will present a preliminary assessment of
the effectiveness of these federally required studies
in the accurate detection and identification of chem-
ically induced liver injury due to halogenated hydro-
carbons, especially vinyl chloride.

Materials and Methods

The industrial population studied consisted of
approximately 1200-1400 employees of a chemical
plant whose two major products were synthetic
rubber and plastics. The industrial plant had been
in operation for over 35 years and had a predomi-
nance of male employees (96%), approximately
80-87% of the work force being white, 11-12%
black, less than 1% of other racial origins. Turnover
of the plant was approximately 10 to 15% per year
with 65-70% of the work force having worked five
years or more at the plant. Employee ages ranged
from 18-65, with a mean of 52 years.

A cohort consisting of 969 male employees who
worked continually from June 1, 1976 to May 31,
1977 was, for purposes of this analysis, divided into
a “standard” and a “nonstandard” population. These
designations were given on the basis of a review of

Table 1. Federally required studies for viny! chloride workers.

History and physical

< 10 years as vinyl chloride worker—(annual)

> 10 years as vinyl chloride worker—(semiannual)
Biochemical studies

SGOT (AST)

SGPT (ALT)

GGTP

AP

TB
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Table 2. Federally recommended (not required) studies

Hepatic studies
LDH isoenzyme
Total protein
Protein electrophoresis
H

‘ogowpic sean
Kidney dysfunction (urine examination)
Albumin
RBC
Exfoliative abnormal cells
Pulmonary system
Vi

FVC
Chest x-ruy (PA and lateral)

all present standard medical data on each emply. :

ee, including the federally required studies. Othe:

screening studies of the medical surveillance pn.
grams were not utilized in the classification ¢ .
overall medical status because, at that time, the;

clinical usefulness was unknown or controversiy
All studies were performed on an annual bas:

those individuals with ten years or more of employ. |

ment were examined and screened semiannuall
Compliance with medical screening studies durir;

the five-year study period showed a continuow

participation in the history and physical examin
tions by over 75% of the work force, laborator:
tests and chest x-rays by 86%, and liver-splec:

scans by 85%. Seventeen percent failed to underg |
at least one history and physical examinatic. :
9% did not have any of the radiological studie:
and only 4% failed to have laboratory stude .
during this period. Approximately 40-50% of thes |
individuals who did not undergo an examinato: -
claimed to have been examined by their private ,

physician.

A subcohort of 120 individuals was further identiieé |

based on the availability of a liver biopsy performet
for medical reasons, both related and not related «
their work.

The term “standard” is used for those individuz: |

who, based upon the best medical opinion, demor-
strated no evidence of any significant medica

disease, occupational or nonoccupational in origr.
The “nonstandard” population included all other

not included in the standard population.
The subcohort population was divided into thest

individuals with and without histological evidenx
of liver injury and further subdivided into thes °
with and without histological features characten~ .

tic of chemical injury. o
Al employees had individual work historiet
These consisted of a standardized job classificatic’

for all jobs within the plant since its opening ands -
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rank ordering of exposure for 22 different sus-
pected or potentially hazardous heptatoxic chemi-
aals used within the work place (3-5). The agents
were rank ordered on the basis of the intensity of
exposure for each of the job classifications for each
of the years that the plant was in operation. From
this detailed work history, a cumulative exposure
ran month ration (CERM) was determined for each
employee for each of the 22 chemicals. All histologi-
cal material was classified as to the presence or
absence of liver disease, and to whether the abnor-
malities were consistent with chemical or non-
chemical injury. This classification was conducted
double blindly by three experienced physicians,
two pathologists, and a hepatologist (6), without
knowledge of any medical data, exposure or work
history.

Results

Although 50 or more biochemical screening tests
were performed during this study period, this
paper will limit itself to,the evaluation of the
federally required studies, the indocyanine green
clearance (1CG) study at the 0.5 mg/kg dose (7, 8)
and radivisotopic liver and spleen scan (9). The
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Fictre 1. Positive predictive values of screening tests in
identf._ation of medical disease in an asymptomatic working
Populstion (N = 969). All those screening tests with positive
predic:ive values of greater than 70 are shown except for
indire. bilirubin (due to high number of congenital indirect
hyper!slirubinemia) and triglyceride determination. Above
eich btar in the graph are shown the sum values for
sensii.vity and specificity of each test. They generally follow
the same ranking.
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Ficure 2. Frequency with which clinical biochemical tests cor-
rectly reflex the presence of hepatic damage in chemical
workers suspected of having liver disesase: (SGPT) alanine
aminotransferase (ALT) (GGT) y-glutamy] transpeptidase,
(SGOT) aspartic aminotransfersse (AST), (Alk. Phos.) alka-
line phosphatase, (ICD) isocitric dehydrogenase (ICG) Indo-
cyanine Green clearances at 0.5 and 5.0 mg/kg dose.

federally required biochemical studies include alka-
line phosphatase (AP), y-glutamyl transpeptidase
(GGPT), alanine aminotransferase (ALT/SGPT),
bilirubin (ALT/SGPT), and the aspartic amino-
transferase (AST/SGOT).

The positive predictive values of these screening
tests in identifying medical disease (including liver
disease) in this asymptomatic working population
are shown in Figure 1. The GGTP provided the
highest positive predictive value as a screening test
for “nonstandard” individuals. It also provided the
highest sensitivity and specificity sum shown in
brackets. The predictive value of the other tests, in

‘decreasing positivity were 1CG, AST, ALT, liver

and spleen scan, AP, and bilirubin.
Further evaluations were conducted on the
subcohort population in whom we had both histolog-

_ ical and biochemical data concerning hepatocellular

damage. If one looks at only those individuals who
received liver biopsies for suspected liver disease
then one would find the percent of positive tests as
illustrated in Figure 2. The ALT (SGPT), GGTP,
AP and AST (SGOT) demonstrate a very high
degree of sensitivity in identifying individuals with
hepatic disease. As shown on the right, ICG
clearances at the 0.5 mg/kg level provide a similar
degree of sensitivity to SGOT and AP. The higher
dose ICG clearance (5 mg/kg) appears to provide
the most sensitivity for latent hepatic disease.
These findings are consistent with the general
medical experience with hospitalized patients.
Sensitivity alone however is not an adequate
indicator of a test’s screening value, especially
when used in asymptomatic individuals. More appro-
priate evaluation of these tests’ value as screening
instruments are shown by their sensitivity, specificity
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FiGure 3. Sensitivity and specificity of various biochemical
screening tests and their sensitivity and specificity sum
values (S & 5) based on 78 with biopsy documentation of their
hepatic status and all of the biochemical screening studies
listed. All screening tests with § & S sums less than 110 (e.g.
bilirubin and isocitric dehydrogenase, are not iliustrated.
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and sum values shown in Figure 3 in the biopsied
subpopulation. Here again, y-glutamyl transpeptidase
and ICG clearance (0.5 mg dose) show the greatest
sensitivity for identifying individuals with liver
disease, However, GGPT had the least specificity,
reflecting its high incidence of false positives.
Specificity increased with the use of AST, ALT,
and ICG clearance. The alkaline phosphatase pro-
vided the highest specificity, suggesting that mild
or low grade chronic hepatic injury due to environ-
mental agents may be activating hepatic AP syn-
thesis in the absence of biliary tract obstruction or
cholestasis. The ICG clearances, even at the low
dose (0.5 mg’kg), clearly remains the test with the
best combined sensitive and specific sereening study
for detection of individuals with subelinical hepatic
disease.

This subcohort biopsied group was further exam-
ined on the basis of the histological interpretation of
their liver biopsies and their work exposure to vinyl
chloride. All biopsied individuals were subdivided
into three groups: 19 with histological evidence
consistent with chemical liver injury; 30 with histo-
logical evidence of liver disease, nonchemical liver
injury; and 29 with normal liver biopsies. Each of
the histological subgroups were further subdivided
based on their vinyl chloride exposure, on a scale of
1 to 4 (Fig. 4).

The chemical liver injury group contained the
highest percentage of individuals with the highest
average rating (CERM) for vinyl chloride expo-
sure. In contrast, with those with liver disease,
nonchemical, and those with normal livers have a
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FiGure 4. Correlation between the histologic findinge on -
biopsy and each individual's average total vinyl el
exposure based on their average CERM (Cumulative Exy.
sure Rank Months) ratings. Rankings: 1 = lowest possi,
exposure; 2 = minimal exposure, low levels; 3 = moders:.

exposure; 4 = worked in areas subject to occasional by |

excursions, or frequently high and/or had intimate cony~

more even distribution of individuals relative 1 .

their degrees of vinyl chloride exposure.

In our previous studies we noted that almost &
individuals with histologically specific lesion of
vinyl chloride injury or angiosarcoma had a tow
average CERM rating of 3.5 or greater. Th

asterisk in Figure 38 indicates the percentage o |
individuals in each of the three histological group

with exposure ratings of 3.5 or greater. Again, th

chemical liver injury group have the highest per-

centage of individuals with the high exposure
ratings. This further supports previous work (4, 1v
identifying focal hepatocellular hyperplasia as th
earliest histological characteristics of chemical injur}
in liver disease.

A study of the frequency with which these test:

are positive among those individuals with liver :

disease, based on their histological findings (chem-
ical versus nonchemical), provides additional data
supporting the clinical observation that an increased
AP has a greater specificity for chronic liver injury.

Figure 5 shows the ratio of the proportion o
positive screening tests in those with histologica

chemical liver disease divided by the proportion of *

positive tests in those whose disease is mot ¢of
chemical origin. All tests, independent of their
sensitivity and specificity for liver injury, wert
more frequently abnormal in the presence ¢
nonchemical, subclinical liver injury, except for
AP. In contrast, AP was far more frequentli
abnormal in those individuals with chemical liver
injury, which tended to be more chronic than acut¢
and generally less severe.
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Ficere 3. Fregquency with which biochemical tests were abnor-
mal in those with different type™of hepatic injury expresses
as & ratio: (CLI) chemical liver injury, (LD) liver disease,
nonchemnical,

Discussion

This preliminary systematic review of the posi-
tive predictive values and the sensitivity and
specificity of federally and some non-federally
required tests for chemical workers provides the
first scientific and bioclogical basis for the selection
of medical sereening tests for liver injury in occupa-
tional environments. Although these commonly
used medical tests have been found by clinical
experience to be effective as diagnostic tools in the
symptomatically ill or hospitalized population, little
clinical work has been done to determine their
ability to accurately separate biological variations
from early latent or underlying disease in asymp-
tomatic individuals. Tests which provide very high
false-positive rates (decreased specificity) such as
GGTP, interfere with the screening process identi-
fication of the high risk worker by the extra time
and cost required for repeat testing, the decreased
productivity for the employer, the employees’
increazed anxiety, and by the loss of confidence in
the effectiveness of the testing program by both
employees and employer. Determination of the
sensitivity and specificity of screening studies for
asymptomatic individuals is essential if effective
recommendations are to be made a federal require-
ment. This evaluation process also provided the
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best means of developing effective triage protocols
for the screening program. For example, in this
particular population of industrial workers, we
have shown that the assessment of hepatic function
is best accomplished by low dose ICG clearance (0.5
mg/’kg). The ICG clearance is somewhat a more
complicated technique (i.e., injection of substance
and repeated blood sampling) but requires only 10
min to perform, and needs only one needle stick. In
exchange it provides the best singular screening
test for latent hepatic injury. If adequate medical
facilities are not easily accessible, then ALT should
be substituted. If either ICG clearance and/or ALT
studies are found to be abnormal, an AP should be
done and a diagnostic work-up instituted to deter-
mine the etiology (11).

The rationale for these recommendations is based
on the actual study of chronic subacute chemical
injury in an asymptomatic population, not preselected
because of signs or symptoms. Therefore the test’s
ability to correctly differentiate disease from
nondisease or one type of injury from another is
more accurately determined. Chemical and envi-
ronmental agents of low toxicity tend to produce
repeated or persistent injury which accumulates
over time. Tests which measure overall functional
capacity quantitatively or semiquantitatively, rather
than measuring acute low-grade injury over time
are more likely to detect changes. For this reason,
clearance or tolerance studies provide the best
means for identifving latent hepatic disease, while
enzyvme studies like ALT, GGPT, and SGOT usu-
ally reflect acute cellular injury of higher grade or
degree and cannot accurately reflex accumulative
damage until very late in the disease process. Tests
which provide information concerning the progres-
sion_or nonprogression of injury will be far more
helpful- to the practicing occupational physician,
They provide him/her with a better capability to
discern between nonoccupational and occupational
disease, and the best available reassurance for the
worker of his or her safety while allowing the
greatest possibility for continued productivity and
employment.

Finally, these data provide a sound scientific
basis upon which to modify federal requirements.
The removal of specific testing requirements which,
with field experience, prove not to have any significant
positive predictive value, or effective sensitivity
and specificity will aid in reducing overall cost and
help maintain continued compliance by industry
and workers. There may be theoretical reasons to
maintain or continue some of the present federally
required screening studies, but these reasons should
be separately identified and not be confused with
the purposes of the more effective test in the
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detection of occupationally related liver injury.
The capabilities and limitations of any new tests
or old tests for new screening purposes in detection
of other potential occupational hazards, should be
validated before making them a required screening
procedure. This would lay the foundation for sys-
tematic determination of effectiveness of screening
procedure against a proven standard. Unvalidated
federal requirements provide the worker and
employer with a false sense of security and safety
-by what is believed to be effective monitoring.
More importantly, such a situation can lead to delay
in effective correction of cause and disease preven-
tion.

Conclusions

Biochemical screening for hepatic injury in asymp-
tomatic chemical workers can be done most effec-
tively by the use of liver specific clearance studies.
ICG clearance provides the best combination of
positive predictive value and sensitivity and specificity
for functional hepatic testing at the present time.

None of the preskit federally required studies
provide any significant degree of sensitivity with-
out marked reduction in specificity in asymptomatic
individuals.

The ALT (8GOT) is the most useful among those
Federal tests presently required and the alkaline
phosphatase may provide additional specificity as a
follow-up study in those individuals with positive
ICG or ALT screening studies.

There is no evidence that any of the other federal
studies add any benefit and strong evidence that
they significantly increase the false-positive results
in well individuals,

All screening studies should undergo evaluation
as to their positive predictive value and sensitivity
and specificity in asymptomatic individuals before
becoming permanent or established requirements.

Portions of this work were supported by Nationa Cuee -
Institute Contract No-1-CN-55212 and Manufacturing Cher
ists Associstion Grant. ‘

The authors wish to acknowledge the help and cooperaryy -
Hynson, Westcott & Dunning and B. F. Goodrich Chen,,
Company.
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Poly(vinyl Chloride) Procesées

and Products
by R. N. Wheeler, Jr.*

Poly(vinyl chioride) resins are produced by four basic processes: suspension, emulsion, bulk and
solution polymerization. PYC suspension resins are usually relatively dust-free and granular
with varying degrees of particle porosity. PVC emulsion resins are small particle powders
containing very little free monomer. Bulk PVC resins are similar to suspension PVC resins,
though the particies tend to be mare porous. Solution PVC resins are smaller in particle size than
suspension PYC with high porosity particles containing essentially no free monomer. The variety
of PVC resin products does not lend itself to broad generalizations concerning health hazards, In
studying occupational hazards the particular PVC process and the product must be considered

and identified in the study.

'y

Poly(vinyl chloride) is a ubiquitous part of our
environment today, in that it appears in clothing,
upholstery. flooring, wire insulation, food contain-
ers. phonugraph records and an almost infinite
variety of other items. Despite this wide applica-
tion and the size of the industry there is little public
understanling of the term. A part of this confusion
stems from the human inclination to abbreviate
terms—thus, we say PVC when discussing poly-
(viny| chloride) resins, poly(vinyl chloride) latexes,
poly(viny] chloride) compounds, poly(vinyl chloride)
fiilm and so0 forth. This confusion has been accentu-
ated by g-vernmental regulators, who define PVC
as a polyn.er containing any amount of viny! chlo-
ride. On t::king these two factors into account it has
become almost impossible to distinguish what is
meant when the term PVC is used in the various
media. In order to study possible PVC industry-
related health problems one must know something
of the various processes and products to properly
evaluate study results. Many study results can
have significance only if the source and composition
of the P\'C is stated.

Manufacture of synthetic resins from vinyl chlo-
ride and nther monomers involves reacting these
monomer in agitated pressure vessels in the pres-
ence of cz1alysts and converting these liquids and/or
fases to solid resins, A considerable amount of heat

*Union Czrbide Corporation, P. O. Box 8361, South Charleston,
West Virginia 25303,
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is generated by the reaction. This is removed by
cooling the vessel. As the monomer is converted to
polymer during the reaction, the rate of reaction
slows down; thus, after some optimum reaction
time, the unconverted remaining monomer is re-
moved from the reacting mass by heat and vacuum
and the resin (PVC) is recovered as a dried white
powder or as a liquid latex or solution. This
polymerization reaction may take place in pure
monomer, in a solution, in a water-monomer emul-
sion or in a water suspension of monomer. The
nature of the polymerization process determines
the nature of the subsequent recovery process, and
the nature of the resin particles produced. Current-
ly there are four basic vinyl chloride polymerization
techniques which give use to the following four
processes: (1) suspension polymerization, (2) emul-
sion polymerization, (3) bulk polymerization, and
(4) solution polymerization.

Suspension polymerization is the major process
used for the manufacture of PVC resins and is used
for about 82-85% of U.S. production (Fig. 1). It
involves the charging of one or two parts water and
one part vinyl chloride monomer or comonomer
mixture to an agitated reactor along with initiator
and suspending agents such as poly(viny! alcohol).
The mass is reacted at 50-65°C until about 85-90%
of the contained monomer is converted to resin.
The resin-water mixture is heated, sometimes
under vacuum, until the unconverted monomer is
substantially removed. The resin is then removed
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from the water and dried in rotary, flash or fluid
bed dryers by exposure to heated air. The dried
resin is transferred to storage silos, whence it is
shipped to fabricating plants in bulk containers or
in paper bags. If only vinyl chloride monomer is
reacted, the product is PVC homopolymer. If a
monomer such as vinyl acetate is mixed with the
vinyl chloride then a PVC copolymer is produced.

The advantages of the suspension resin process
are its high productivity per unit reactor volume,
its flexibility with regard to polymer composition
and resin particle characteristics and the granular
nature of its product. The relatively large resin
particles (50 to 150 um) cause problems in removing
unconverted vinyl chloride monomer. The mono-
mer tends to diffuse slowly from the center of the
resin particle to the surface, where it is removed by
the monomer recovery operation; thus removal
often i incomplete. In the past, residual vinyl
chloride monomer concentrations in suspension PVC
resins ranged as high as 2000 ppm by weight until
improved methods were developed in response to
recognized need for lower residual levels.

The process produces a wide variety of products,
each of which presents different monomer release
characteristics as well as differing suitability for
particular fabricating operations. As a general rule,
small particle size resins have lower residual mo-
nomer than large particle size; porous particle
resins have lower residual monomer than nonpo-
rous particle resins; and resins containing little or
no comonomer have lower residual monomer than
resins with significant amounts of comonomer. The
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relatively large suspension resin particle, whj
retaining monomer from the manufacturing
cess, resuits in a product that has excellent hyr.

dling properties such as bulk flow. Recen :

improvements in monomer stripping technolopy
have resulted in most PVC suspension homopolymer

resins containing about 10 ppm residual vipy
chloride monomer at the time of shipment while th
residual vinyl chloride monomer in most copoly.
mers ranges from 25 to 200 ppm at the time ¢
shipment, .
The stress on residual monomer content at the

- met—

time of shipment in the preceding paragraph it :

purposeful. Vinyl chloride monomer is not solubie

in the PVC nor is it absorbed or adsorbed in the :
resin particle. It is entrapped, and, given an -

opportunity, it escapes to the ambient air. Heating
tends to accelerate this escape. PVC resin ina
bulk-container loses its residual monomer at a e
of 25 to 50% per month. PVC resin in a paper bag
loses its residual vinyl chloride monomer at ar
approximate rate of 75% per week. Once the
residual monomer is gone, there is no source ¢!
monomer from the PVC resin, i.e., the resin doe:
not decompose to yield significant amounts o
monomer. If heated, the resin gives off hydrogen
chloride and turns black, Thus a year-old PVC resin

- e—— -

contains aimoat no residual monomer; on heating

until it blackens it will always give off hydrogen

chloride. PVC resin fabricating operations driveoff

the free residual monomer in the first heatirig step:
thus the probability of a toxic response from vinyl
chloride monomer contained in the vinyl film or
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All PVC processes have a problem with reactor
svstem fouling to some degree. The conversion of a
bquid monomer to & high molecular weight solid

vmer while contacting reactor walls, baffles and
«0 forth results in the deposition of some of that
wlid polymer on surfaces. This deposition or foul-

interferes with the reactor operation so that
periodically it has to be removed. In earlier times,
this was removed manually by a man working in a
shutdown reactor. These reactor cleaners were
exposed to very high concentrations of vinyl chlo-
ride monomer (seversl thousand ppm). It was
within the group of men in this cleaning operation
that the excess of angiosarcoma was observed by
Creech (1). More recently, techniques to minimize
fouling and techniques for cleaning such as solvent
washing and hydroblasting have reduced or elimi-
nated the need for reactor entry and cleaning.

Emulsion polymerization is the second most wide-
Iv used process for the manufacture of PVC resins
and comprises 10-12% of total U.S. production. One
of the important things to understand about emul-
sion polymerization is that it is not a single process
but a large family of processes, each producing
specialized products that are defined or specified in
terms of performance in a particular application. In
the interest of brevity, the two major process
families wil! be discussed: the water-soluble initiator
svstem and the oil-soluble initiator system (Fig. 2).

In the water-soluble initiator system, one to two
parts water. one part monomer, (.01 to 0.03 parts
surfactant and water-soluble initiator (a redox
<ystem or a persulfate salt) are charged or fed to an
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agitated reactor and reacted at 30-60°C to form a
synthetic latex. The reactor agitation must be
sufficiently vigorous to emulsify the monomer-
water mixture but not so vigorous that the latex is
coagulated. When 80-95% of the monomer is con-
verted to polymer, the latex may be gently stripped
of the unconverted monomer with heat and vacu-
um, or it may be subjected to a second initiator
treatment and reacted to essentially 100% mono-
mer conversion. The product of this polymerization
may be simply filtered and shipped to consumers as
a latex for coatings, mastics, and the like, or the
polymer may be recovered as a dry resin. Recovery
techniques vary. The most commonly used is sim-
ply spray-drying of the latex, though some resins
are recovered by coagulating the latex and dewa-
tering with subsequent drying of the coagulum
(resin).

In the oil-soluble initiator system, one part
monomer containing an organic peroxide is emulsified
in one to two parts water containing 0.01 to 0.03
parts surfactant. The resulting emulsion is reacted
at 30-60°C to form a synthetic latex. Approximate-
ly 80-90% of the monomer is converted to polymer.
After reaction, the latex is gently heated and
vacuum-treated to remove the unconverted mono-
mer. After stripping, the latex may be shipped as a
product though most of it is converted to a dry
powder by spray-drying. The basic difference be-
tween the oil-soluble initiator process and the
water-soluble initiator is that the size of the emulsified
monomer particle determines the resin particle size
in the oil-soluble initiator process, while polymer-
ization technique determines the resin particle size

AlR
- V AlR
M
BAG MWOUSE
i DRYER
PVC RESIN

g

{

PVC LATEX

Ficure 2. Emulsion polymerization process.
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in the water initiator process. The resin particles
formed during emulsion polymerization range in
size from 0.05 to 2 um. In the course of recovery
and drying these may be agglomerated to particles
as large as 30 um. For some uses the agglomerates
may be ground to a median particle size of about 2
um. The small particle size results in rapid loss of
residual vinyl chloride so that the resin contains
about 1 ppm free monomer as produced. Because of
handling problems, nearly all the resin is bagged,
letting the small amount of monomer retained
escape easily before it arrives at a fabricating plant.

Nearly all dried emulsion process PVC resin is
utilized by paste or dispersion fabrication tech-
niques. The resin, pigments and other additives are
stirred into plasticizer, yielding a thick viscous
liquid plastisol. This plastisol is spread on a cloth or
8 paper or poured into molds. The coated mold or
cloth is heated, causing the resin and plasticizer to
fuse into a solid forming the finished plastic article.
In this fashion, the small manufacturer or the
producer of elaborate shapes or highly styled items
can make a product with a minimum capital invest-
ment.

The emulsion polymerization process, in addition
to the reactor fouling problem noted for suspension
polymerization, has less flexibility with regard to
changes in process conditions. Each change in
reaction, stripping or drying has an identifiable
effect on product properties and quality. Some of
these properties are well known, and quality tests
keep them under control. Others are not well
known and are recognized when customers com-

MONOMER
RECOVERY

A,

plain. Emulsion process resins cost more to pn,
duce, and plant operators tend to be very conservariy,
in the approach to process changes. Because of h;;
difficulty, emulsion process plants tend to em:
more vinyl chlcFide moRoMEYF 16 the ambient air ne
und of Tesin produced. In EUrope p‘a’ﬂﬁﬁ%‘h
Egere have Been reports of worker dermatitis fron
surfactants and possible pneumoconiosis from resiz
dust inhalation in the emulsion process plants (2.;).

Bulk polymerization is the third major processiz |
terms of volume for the manufacture of PVC resin:
but supplies only about 5% of U.S. production (Fig
3). The process involves the charging of viny
chloride monomer and initiator to a first-stag
polymerizer, where about 10% of the monomer i
converted to polymer. This batch is then transfer.
red to a second-stage polymerizer where additional
monomer, and sometimes initiator, are added. Th
polymerization is continued until about 80-85% of
the container monomer is converted to polymer. |
The unreacted vinyl chloride is removed by heat
and vacuum and the finished resin product trans !
ferred to storage bins for later shipment to fabricat.
ing plants. The absence of water in the polymerizatin °
stage eliminates the need for the drving stepand
provides some economy in capital and operating
costs.

The advantages of the bulk process are its
simplicity, the uniformity of the resin particle size.
the high porosity of the resin particles and the
purity of the polymer (no soaps or suspending aids.
The disadvantages are: less flexibility in product
mix (homopolymers only) than the suspension pro-
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u¢ and poorer removal of residual VCM. These
ik process resins are generally directly competi-
ve with suspension process PVC homopolymers.
The relatively large porous resin particles (50 to
150 um) tend not to retain monomer, thus removal
A residual VCM is theoretically easy. The transfer
heat from the reactor wall to the resin particle
¢ stripping is poor thus offsetting the advantages
qained by the high particle porosity in removing
nsidual VCM. In the early 1970s, residual VCM in
«is type of resin was of the order of 1000 ppm when
-mduced, but more recently these resins have less
‘han 30 ppm in residual VCM when produced.
Solution polymerization is a process unique to
{'nion Carbide Corporation and accounts for about
¥ of the total resin produced (Fig. 4). Vinyl
crloride monomer, comonomer, solvent and initia-
¢ are fed 10 2 continuous reactor system. The
whymer formed is soluble in the reacting mass so
«xat the reactor product is a viscous resin solution.
Thiz solution is distilled to remove the unconverted
vinyl chloride monomer, and the resin product is
recovered b treating the resin solution with water
and dryving the product. The resin particle is very
jrous, is always a copolymet, is free of soaps and
su-pending zgents, has a median particle size of 75
um and contains less than 0.2 ppm residual VCM.
Manufacturing investment is high, and the product
ind: its greatest use as a coating material, ie.,

paints and lacquers, that utilize its good dissolving
qualities. It is used in relatively small quantities,
anutlik is nearly always shipped in bags rather than
bulk.

In addition to the basic PVC resins described
earlier, there iz a wide variety of resin powders,
pellets, liquids and latexes in commerce that fall
under the general designation of PVC. These are
chemically or mechanically converted PVC resins
such as post-chlorinated resins and compounded
resins containing plasticizers, stabilizers and the
like. As a general rule, the additional processing
has removed essentially all of the residual VCM and
sgglomerated the dusts. Converted PVC resins
have no involvement with problems related to vinyl
chloride monomer exposure.

Conclusions

Poly(vinyl chloride) resins are produced by four
basic techniques: suspension, emulsion, bulk and
solution polymerization.

The variety of PVC resin products does not lend
itself to broad generalizations econcerning hazards
to worker health.

In evaluating occupational hazards, the PVC
process, the PVC product and other materials
present must be considered before valid conclusions
can be reached.
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Worker Exposure to Vinyl Chloride and

Poly(vinyl Chloride)

by James H. Jones*

The National Institute for Occupational Safety and Health (NIOSH) in early 1974 began
indu-trial hygiene studies of vinyl chloride exposed workers. Three VC monomer plants, three
V( polymerization plants, and seven PVC fabrication plants werg surveyed. VC polymerization
plant workers and workers in one job category in VC monomer plants were exposed to average
levels above ) ppm. The highest average exposure was 22 ppm. NIOSH heaith hazard evaluation
studies since these initial surveys have primarily shown nondetectable levels of vinyl chloride. A
N1OSH control technology study in 1977 showed that exposure levels in VC polymerization plants
had been drastically reduced but exposure levels above 1 ppm were still found in several cases.

introduction

Tre Nationa! Institute for Occupational Safety
v | Health (NIOSH) began studies of vinyl chloride
Vi early in 1974 following a report of increased
+dence of angiosarcoma of the liver among VC
ruemed workers, A part of this work included
~:ruspective cohort mortality and industrial hy-
&une studies of the VC polymerization industry.
{~. NJOSH ¢ontracted with Bendix Corporation,
laanch Support Division, to conduct industrial
r.oene studies in the VC monomer production
+ isstry and the polyvinyl chloride (PVC) fabrica-
t.n industry. These industrial hygiene studies
scre done to document the levels of VC exposure
wurming in industry at that time. Three .VC
= niomer plants, three VC polymerization plants
a4 seven PV'C fabrication plants were studied. In
aliition to the VC industry-wide study, NIOSH,
wrough their health hazard evaluation (HHE)
imyram has sampled for PVC at 34 other plants,
yrmarily VC fabrication operations. Also a study
t-ducument vuntrol methods utilized in the plastics
rAustry was performed under contract by Enviro
Control. This study included work at five VC
j+ymerization plants (1-86).

I?Emisio.n of Surveillance, Hazard Evaluations and Field
>4dies, Nguior.a! Inetitute for Occupational Safety and Health,
7% Columbia Parkway, Cincinnati, Ohio 45226.

October 1951

Industry-Wide Study

VC Monomer Plants

One of the VC monomer plants sampled used the
acetylene-hydrogen chloride process, the older pro-
cess for making VC, and the other two used the
ethylene dichloride pyrolysis process. It was not
possible to assess the difference in worker exposure
between the two processes because the plant using
the acetylene-hydrogen chloride process was oper-
ating at only 10% capacity during the surveys in
December 1974. -

As can be seen in Figure 1, only the job of loader
shows exposure substantially above 1 ppm. VC
exposure for this job was being reduced, at the time
of the surveys, by the redesign of tank car hookup
systems and the use of air-supplied breathing
apparatus while the tanks cars were connected or
disconnected.

VC Polymerization Plants

Three VC polymerization plants were sampled.
Located at these plants were three suspension
resin operations, three dispersion resin operations,
one mass resin operation and one solvent resin
operation. As can be seen in Figure 2, suspension
and dispersion resin operations had the highest
exposure levels. Within plants the reactor area
operators and helpers had the highest exposures.
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pVC Fabrication Plants

In the seven PVC fabrication plants samples
were collected in calendering, compounding, extru-
son, molding, and plastisol operations. All expo-
ares were quite low with calender operators
having the only exposures above 1 ppm. Figure 3
chows the relationship of VC exposure between the
segments of the PVC industry. As would be ex-
pected, VC polymerization had the highest expo-
aures and PVC fabrication the lowest.

Changes in Exposure Since 1974

We have no information generated by NIOSH
and know of none in the literature on how VC
monomer plant exposures have changed since 1974,
although it would be expected that the single “high”
exposure category, loader, has had exposure redue-
tions.

Information on how well VC polymerization plants
were able to reduce exposures since 1974 was
obtained during the control teehnology study. This
mnformation is in the form of company personnel
sampling data for VC over a period of time. At the
first plant. a mass polymerization plant, the per-
centage of personnel samples below 1 ppm has gone
from 2% in 1974 to 73% in 1976 (Fig. 4). At the
second plant, a suspension and dispersion polymer-
ization plant, the percentage of personnel samples

i

1

s nd

oY
T

. X
TF\

below 1 ppm has gone from 0% in 1974 to 65% in
1977 (Fig. 5). At the third plant, a mass polymer-
ization plant, VC exposures are given by job for the
period October 1974 to May 1975 and then for
January 1977. In Figure 6, it can be seen that
exposures dropped substantially, in most cases by a
factor of almost 10. VC exposures at the fourth
plant, a suspension polymerization plant, are given
for both 1975 and 1976. As seen in Figure 7, in most
cases a two-fold drop in exposure levels occurred.
Although the percentage drop is lower than the
third plant, the final exposures are about the same.
At the fifth plant, a dispersion polymerization plant
(Fig. 8), VC exposures are given by job for the
period May 19756 to December 1975 and then for
January 1976 to September 1976. Again reductions
were sufficient to bring exposure averages to the
same approximate level (less than 1 ppm) as the
preceding two plants.

PVC fabrication plants had exposures predomi-
nantly below 1 ppm in early 1975 when the industry-
wide study was done. In addition to this work,
HHE’s have been conducted at 26 PVC fabrication
plants beginning May 1974 and ending in April
1978. Detectable levels of VC were found in only 10
plants with only 1 plant of the 15 sampled since
April, 1975 having detectable levels. At that plant
sampled in March, 1976, the highest level found
was 0.38 ppm.

PVC dust exposures were also briefly examined
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turing the industry-wide study. Total dust concen-
wrations were determined. Because it was felt that
PVC would be the primary constituent of the dust,
no analysis for PVC was performed. Respirable
samples were not collected because it was felt that
the static charge on PVC particles would cause
malfunctioning of the normally used sampling equip-
ment, such as nylon cyclones. A few samples were
examined by optical microscopy. In these samples
all particles had diameters less than 7 um, and 90%
of the particles had diameters less than 2.5 um. The
samples examined were from dispersion resin oper-
ations.

This result was expected, since dispersion resins
generally are in the range of 2-10 pm in diameter.
syspension resins, the major resins in terms of
production. are generally much larger, about 100
um in diameter. The sampling results displayed in
Figure 9 show that dispersion resin bagging had by
%r the highest exposure, averaging 8.6 mg/m®, We
rave no information on whether PVC dust expo-
sures have been reduced since 1974,

It appears, based on the information that we
currently have that the PVC fabrication industry
=+ achieve] good control of VC exposures. The VC
wlymerizaiion industry was making big strides in
controlling exposures, but we have no information
w tell if they have continued to lower exposures
smce 1977. We have no information on exposure
reductions in the VC monomer production indus-
iy, but it appeared that only one job category was
agnificant]y above the standard in 1974,
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Mortallty Among PVC-Fabricating

Employees

by Leonard Chiazze, Jr.,* and Lorraine D. Ference*

The results of a cross-sectional mortality study of 3847 deaths occurring among current and
furmer (white) employees of 17 PVC fabricators during 1964-1973 are presented. Sex-race-cause-
specific proportionate mortality ratios (PMR's) were computed by using two separate standards:
one, the U.S. mortality in 1968; the second, U.S. mortality for the individual years 1964-1973. In

addition, a

case-control analysis, based upon 44 breast cancer deaths among white female

employees, is presented. PMR’s are significantly different from unity for all cancers, and for
cancers of the digestive system among both white males and white females. Although observed

deaths significahtly

¢ exceeded expectations for cancer of the breast, a subsequent case-control

analysis reveals no st-tisticnll_v significant relative risks for breast cancer.

introduction

In March, 1974, Organization Resources Coun-
«rs (ORC1 was requested by representatives of
iVC producers who are members of ORC's Occu-
:e:ional Sa‘ety and Health Standards Group, to
ary out a study of health risks to employees
4 rking in the PVC fabricating industry. After
ensidering a number of alternative study designs,
i was decided that a cross-sectional mortality
sydy would best meet the need for providing
wiormation as rapidly as possible. Details regard-
g reason~ for selecting this type of study, the
actual study design and results of the inquiry have
been reported previously (1).

In the original report, proportionate mortality
ralios were caleulated according to the method of
Guralnick () and by using the sex-cause-age specific
distribution of deaths among U.S. whites in 1968 as
the basis for determining expectation (3). For the
turrent report, we have analyzed the data using the
Mantel-Haenszel procedure both for determination
o/ PMR’s and in order to test whether PMR's differ
signifieant!y from unity (4, 5). In addition, PMR’s
are preserted using two separate standards as the
basis for expectation.

*Dwvision of Biostatistics and Epidemiology, Georgetown Uni-
versity Sctool of Medicine, 3750 Reservoir Road, N. W,,
Washingtor., D.C. 20007.
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A follow-up to the cross-sectional mortality in-
vestigation, utilizing deaths among white women
for whom the underlying cause of death was cancer
of the breast, was undertaken (6), and results of the
case-control analysis will be presented.

Materlals and Methods

Although alternative study designs were consid-
ered, several factors led to the decision to carry out
a cross-sectional mortality study. First, the pri-
mary study objective was to determine relatively
quickly whether any angiosarcoma deaths could be
identified among the study group and this was best
accomplished by examining causes of death among
relatively recent decedents. Second, it would not
have been possible to identify clearly and com-
pletely (if at all) the cohort of workers necessary for
a historical cohort mortality study within a reason-
ably short period of time. As a result, the study was
based upon 4336 deaths which occurred during the
years 1964-1973 among active or retired employees
of 17 companies engaged in PVC fabrication (Table
1). This report will be restricted to the 3847 deaths
among whites, since the number of deaths for most
causes among nonwhites was quite small, making
interpretation of cause specific mortality difficult at
best.

Since the population at risk could not be deter-
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Table 1. Distribution of deaths among employees of 17 PVC

fabricators by race and sex, 1964-1973.

Sex
Race Total Male Fermale Unknown
Total 4336 3676 658 2
White 3847 3252 595 0
Nonwhite 198 174 24 0
Unknown 291 251 39 2

mined, mortality rates as measures of risk could not
be calculated. Rather, results are summarized in
terms of proportionate mortality ratios (PMR)
calculated according to the method of Mantel-
Haenszel (5). Two separate standards have been
employed. The first is the sex-cause-age specific
distribution of deaths among U.S. whites in 1968
(1968 Standard). A second standard employs the
sex-cause-age specific distribution of deaths among
U.S. whites in each of the years 1964-1973 (1964-1973
standard). Cause-specific PMR’s based upon the
1968 standard are-adjusted for age, race and sex.
Cause-specific PMR’'s based upon the 1964-1973
standard are adjusted for year of death as well as
for age, race and sex.

The Mantel-Haenszel procedure for assessing the
statistical significance of a difference between the
observed and expected numbers of deaths for a
specific cause requires the construction of a series
of 2x2 contingency tables as shown in Table 2.
Separate tables are constructed for each level of the
factor(s) to be adjusted for. If, for example, we
wish to compute a PMR for all decedents for cause
X, adjusted for age (five age groups) and year of
death (10 years: 1964-1973), i.e., 1964-1973 stan-
dard, we would have 50 2 x 2 tables: age < 35, year
of death 1964; age < 35, year of death 1965; . . . ;
age < 65, year of death 1973. Observed deaths and
expected deaths are summed over the 50 separate
2 x 2 tables to produce a PMR for cause X, adjusted
for age and year of death. The resulting age-year of
death-adjusted PMR compares the number of deaths
from cause X observed in the study group to the
number of deaths from cause X expected in the
study group, if the proportion of total deaths

Table 2. Construction of 2 x2 contingency tables.

Number of desaths in group I,
attributed to
Total

Specified cause Other causes deaths
Study group A C, Ny,
Sundlrd B. D. N 4
Toul M n M 4 Tv
138

ascribed to cause X was the same, age group by ap.
group and year by year, as for the comparix;
group.

The statistical significance of the PMR (a teg ¢
the hypothesis that the PMR is 1.0 against th
alternative that the PMR is different from 1.0);
evaluated by using the Mantel-Haenszel continui;;

co chi-square with one degree of freedom, ie.
. (ZAi-3EQ4) | -%P
XuH =
X Var A.‘ 0
where
Var A, = NyNoM My
T%(T; - 1)

E(A;) = Expected value of A; = (M,; N,,)/ T,

The case-control analysis is based on 44 deaths
among white females in the study with cancer of the
breast as the underlying cause of death. Control:
were drawn from deaths due to diseases of the
circulatory system and accidents, and matched by
age plus or minus five years and company, ¢
possible. Forty of the cases were matched on bot
criteria and four on the basis of age alone. The bas:
for the case-control analysis, then, is the 44 breas
cancer deaths and 134 matched controls distributed
among eight of the 17 companies.

Results

Proportionate Mortality Ratios

Cause specific PMR's adjusted for age are pre
sented for white male and white female employee:
in Tables 3 and 4. For Table 3, expected numbers of
deaths are based on the cause-sex-age specific di-
tribution of deaths among U.S. whites applied t0
the study group. For Table 4, PMR's are adjusted
for year of death as well as race, sex and age
Statistically significant departures from unity (i.e..
PMR = 1) are evaluated by using the Mante
Haenszel continuity corrected chi-square with one
degree of freedom. Causes of death for which the
calculated chi-square indicated a statistically sig:
nificant excess or deficit at the a = 0.05 level o
significance are indicated in the table. It is imper
tant to remember that when carrying out a largt
number of significance tests, some number will tum
out to be significant on the basis of chance alone.
When dealing with a large number of tests for
PMR's, it may be more appropriate to copsnder the
Mantel-Haenszel test as a screening device rathe!
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cancers (Table 3). Among white females, PMR's are
significantly different from one for all cancers, di-
gestive cancers, breast cancer, urinary cancer and
other and unspecified cancers. In contrast to white
males, the PMR for urinary cancer among white

. sving it @ strict probabilistic interpretation.
,‘_\g; :;‘Ese caveats, we see that based upon the
«» «andard. among white males there are statis-
- significant PMR’s for all cancers, digestive
ecer, respiratory cancer and other and unspecified

, Observed deaths and cause specific proportionate mortality ratios (PMR) for employees of 17 PVC fabricators by sex
e 3. O (White only), 19641973 (expectations based on U.S. mortality, 1968).
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g of death

ICDA 8th
Revision

Male Female

Observed
deaths

Observed
deaths

i, BT
A_ cancer
Rareal cavity and pharynx
[rgestive organs and peritoneum
stomach
Large intestine
Rectum
Liver
Pancreas .
Orher and unspecified digestive
Respiratory :Vstem
Larnx 2
Trachea. bronchus and lung
Other
Breast
Female gerital organs
Cervix
Corpus
Ovary .
Other
Male genita. organs
Prostate
Other
\nnary organs
Bladder
Ridney
Bran and nervous system
Lymphomas
Leukemia-
(nher and unspecified cancers
trher causes
Inabetes
Diseases of circulatory system
Heart disease

Rheumnatic heart disease
Hypertensive disease
Ischemic heart disease
Myocardial infarction

Cerebr: vazcular disense
Other circulatory

Diseases | respiratory system

Cirthosis .f liver

Cholelithi..zis, cholecystitis
and ch« langitis

Acrident-. poisonings and violence
Accidernts
Suicide

All other causes

000-999
140-209

152. 156, 158, 158
160-163
161
162
160, 163
174
180-184
180
181, 182
183
184
185-187
185
186, 187

170-173, 190, 183199

250

390458
(390-398), 402, 404,

(410-429)
353-398
400404
410413
410
430-438
450-458
460-519
N

§14-575
800999
800-949
950-959
Residual

8252
670
15
212
41

oo Ll il onll ool sl
Eglllllil
§~waq>=|ll—qmmstoﬁoﬁaqomﬁmgwgﬁ

SPMR s omificantly different from one at a = 0.05.
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females is high and, although based upon only 11
deaths, is statistically significant. On the other
hand, in contrast to the observation in white men,
the PMR for respiratory cancer among white women
is very close to unity. Similar to the observation in
white men, mortality from cirrhosis of the liver is

Table 4, Observed deaths and cause specific proportionate mortality ratios (PMR) for employees of 17 PVC fabricators by
(white only), 19641973 (expectations based on U.S. mortality, 1964-1973).

low, but the corresponding number of ‘
deaths is quite small. ohsene
Among both white male and female employe.
diseases of the circulatory system account fory |
large percentage of total deaths. In each e
observed numbers of deaths are close to expeci !

1CDA 8th
Cause of death Revision

]

Male Female

Obeerved Observed
deaths deaths

All causes 000-999
All cancer 140-209
Buccal cavity and pharynx 140149
Digestive organs and peritoneum  150-159
Stomach 151
Large intestine 153
Rectum 154
Liver 185
Pancreas = 157
Other and unspecified digestive 152, 156, 158, 159
Respiratory system 160-163
Larynx 161
Trachea, bronchus and lung 162
Other 160, 163
Breast 174
Female genital organs 180-184
Cervix 180
Corpus 181, 182
Qvary 183
Other ) 184
Male genital organs 185-187
Prostate 185
Other 186, 187
Urinary organs 1868-189
Bladder 188
Kidney 189
Brain and nervous system 191-192
Lymphomas 200-203, 208, 209
Leukermnias 204-207
Other and unspecified cancers 170-173, 190, 193-199
Other causes
Diabetes 250
Diseases of circulatory system 390-458
Heart disease (390-398), 402, 404,
(410-429)
Rheumatic heart disease 393-398
Hypertensive disease 400-404
Ischemic heart disease 410413
Myocardial infarction 410
Cerebrovascular disease 430438
Other circulatory 450458
Diseases of respiratory system 460-519
Cirrhosis of liver 571
Cholelithiasis, cholecystitis
and cholangitis 574-575
Accidents, poisonings and violence 800-999
Accidents 800-949
Suicide 950-959
All other causes Residusl

3252
670
15
212
41

oo

ggmﬁﬁillllowgwgggagﬂ
gglgﬁlfllfll

-
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1.3266
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|
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*PMR significantly different from one at o = 0.05.
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Table 5. Distribution of 44 breast cancer deaths and 134 matched controls by exposure category.

Matched control

- Breast cancer, cases
, covwate CategOrY Number % Number %
g 27 614 97 72.4
\...'..T.;Tﬁxposun 6 13.6 17 12.6
+ wn bie €XPOSUre 0 0 4 3.0
eIt EXPOSUre g 4.5 8 4.5
" exsowm exposure 2 203 20 15
4“ 100 134 - 100

~-hough statistically significant.
Results bazed upon the 1964-1973 standard are,

- general, consistent with those on the 1968 stan-
.,rd (Table 4). There are, however, some notable
weptions. In general, the PMR’s based upon the
jw4-1973 standard are lower than those based
.on the 1908 standard. Further, the PMR for
nepiratory cancer among white males is not sig-
rscantly different from one when based on the
1#4-1973 standard. Among white women, the
PMR for other (noncancel] respiratory deaths
v significantly below unity based on the 1964-1973
~andard.

Case-Control Analysis

Comparizon of cases and controls on a variety of
variablez where information was available, includ-
irg length of employment, ever married versus
never married, and child-bearing history, reveals
no statistically significant differences (p > 0.05)
between cases and controls for any of these vari-
ables.

Review of employment histories for cases and
controls revealed 8 wide variety of jobs ranging
from office and clerical work to production jobs such
as bench inspector, press operator, trimmer, as-
sembler and sweeper. The wide range of job con-
tent and Jocation made it impossible to determine
precisely whether there was PVC exposure in every
case, or the precise length of that exposure, There-
fore, a subjective ranking system was developed to
classify exposures. Work histories were reviewed
with plant personnel and PVC exposure potential
was categorized into five classes—no exposure,
improbable exposure, possible exposure, definite
exposure and unknown exposure. This classification
scheme enabled some definitive exposure statement
x_x;SO% of the cases and 92% of the controls (Table
[1}8

" After matching by age and company, 38 matched
sets of cases and controls were developed from the
# cases and 134 controls. There are fewer matched
sets than cases because, in six instances, it was

October 1981

necessary to combine cases of similar age within
the same set in order to have at least one control
per matched set. The Mantel-Haenszel procedure
was used to derive a summary estimate of relative
risk and to test for significant departures from
unity (4, 7). In this procedure, each of the 38 sets
can be viewed as a 2x2 contingency table. Thus,
the ith set can be represented as in Table 6.
Relative risk is defined as the ratio of the proba-
bility of dying from cancer of the breast among
women exposed to PVC to the probability for women
not exposed. Estimates of these individual proba-
bilities are not available from a ease-control study.
However, a measure of estimated relative risk from
case-control studies as suggested by Mantel and
Haenszel has been calculated as in Eq. (2). To
assess whether the departure from unity of an
observed relative risk is too great to have occurred
by chance alone, a summary chi-square test cor-
rected for continuity was performed using the
Mantel-Haenszel procedure. The calculated chi-
square must be 3.84 or larger in order to conclude
with 95% assurance that the observed relative risk
did not differ from unity by chance alone.

R = Ii (A,‘D.‘Ti)mi (B,C.-/T.') (2)

Combining the five exposure categories into two
may be accomplished in a variety of ways, resulting
in several possible relative risk measures as shown
in Table 7.

None of the calculated relative risks, including
the second shown which treats anything other than
no exposure as definitely exposed, are statistically

Table 6. Representation of ith set.

PVC exposure
Yes No Total
Cases A, B, N,
Controls C,‘ D, N [
Total M, My, T,
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h_s

gignificant; i.e., they may have occurred by chance

and urinary organs among white women emplo, .

o w  p——

. alone. Similar analyses were carried out on a is higher than that for the total U.S. There 3n | o;ﬁr
’ company-by-company basis. None of the relative  however, several reasons why definitive intenpr. | reas
risks so calculated is significantly different from  tation is difficult. Factors meant to suggest i, jarge
unity. proportionate mortality analyses must be interpn, 1 enist
hed cautiousl%l}lmve been revliewed previously (9. .  «ate
owever, while these results must be interpres,- : 1 1i:
Discussion and summary with caution, they appear to be consisterrx?r:{: N
The cross-sectional mortality study was designed  previously studied workers and suggest the ne *
with two objectives. The first was to determine if for some continuing investigation (1). Ty
any angiosarcoma deaths had occurred among em- One such follow-up investigation has been pn. ‘
ployees of the PVC fabricators under study. Since  sented here in the form of a case-control sty : L ,
no angiosarcoma deaths were found among the involving the 44 breast cancer deaths. On the ba:. ! :
employees studied, the first question has an un-  of a case-control analysis, estimates of relativen,, | 2
. equivocal answer. A secondary objective was that  were derived but none of these relative risk es:, i
: of examining the distribution of deaths by cause  mates is significantly different from one, althoy |
among the employees under study. Implicit in that  such results must be interpreted with caution. - 1
objective is the question of whether or not that Absence of a statistically significant relative ri :
distribution is, in some sense, unusual. Thereis no  does not demonstrate that there is not an exce. |
unequivocal answer to the latter question. Whether  risk of death from breast cancer among wome | N
or not an observed distribution of causes of deathis  employees with PVC exposure. In fact, whens, '
unusual clearly relates to the standard or compari-  statistically significant relative risks are found, it !
son population as wellas the analytic methodology  pertinent to ask what the chances are of detectir; | 5
(8). This is illustrated by the observation that there  an increase of a given magnitude from the availab.
are PMR’s which are significantly different from  data. Using the method described by Walter (1,
unity on the 1968 standard and not on the 1964-1973  we have subjected each of the relative risk es '
standard. However, it seems much more important  mates (Table 7) to a least significant relative ns *
to focus on the large area of agreement between the  analysis under the conditions that we desire %% '
two standards rather than on the few areas of assurance that a risk of such magnitude, if c-
disagreement. served, did not occur by chance alone and & |
On the basis of the PMR analyses, there are  probability of detecting the least significant relatie
statistically significant excesses in total cancer mor-  Hisk if it exists. :
tality among both white males and white females Even in the cagse where all but no exposure an
when compared to the distribution of deaths for the  counted as exposed, the smallest relative risk whic. ,
total United States specific for color and sex and could be detected from these data is nearly 3. .
adjusted for age. Excesses in cancer mortality ap-  Nearly 200 cases and 200 controls would have beer |
pear concentrated in cancers of the digestive sys- necessary to detect a true doubling of the ns.
tem and, in particular, in cancers of the intestine  under the specified conditions. Given the sample
for both men and women. In addition, there is &  size in this study and the percentage of control:
suggestion that mortality from cancer of the breast  exposed (a percentage which was unknown at the t
Table 7. Relative risk (RR) and least significant relative risk (LSRR) estimated for contrasts of various exposure categor!
combinations. :
RR (Relative risk) LSRR (Least significa |
Contrast Number of cases estimate® relative risk) estimate’
Definite exposure vs. no exposure 2 1.81 6.77
Definite + improbable + possible + unknown
exposure vs. no exposure “ 1.4 2.92 .
Definite + possible exposure vs. ho + '
improbable exposure 35 0.624 5.02 i
Definite + possible + unknown exposure vs. i
no + improbable exposure “ 271 3.4) 0
#None of the relative risk estimates are statistically significantly different from unity (p > 0.05).
¢ true relative risk would have to be at least this large to have an 80% assurance of detection (i.e., power = (.80) withs tped
error of 0.05 (i.e., a = 0.05). :
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' Mortality and Cancer Rates among
Workers in the Swedish PVC
Processing Industry
by Gustavo Molina*, Bo Holmberg*, Stig Elofssont,

Lars Holmlund,* Rein Moosing,* and
Peter Westerholm**

Personnel lists from four PVC-processing industries were collected on production of employees
with at least three months of employment at the beginning of 1943 and the last day of
employment December 31, 1974, Of 2073 persons, 103 could not be followed up, because they had
moved abroad. The remaining persons comprise the cohort of 1970 individuals who were analyzed
and compared with the national population with respect to mortality from various diseases and
cancer morbidity.

The death risk from myocardial infarction is elevated in the cohort. This elevation is most
clearly apparent in the subcohort which had at least two years of exposure time and where the
analysis was directed at circumstances chronologically c¢lose to the time of exposure. The
myocardial infarction risk related to vinyl chloride exposure is discussed in relation to earlier
studies on the vascular effects of vinyl chloride. An indication of an elevated risk of morbidity
and mortality from tumors in the digestive organs is also present. However, this is not
statistically confirmed. A few future follow-ups of the present study are necessary in order to

clarify any possible elevated risk of tumors in the PV C-processing industry.

Viny! chloride has been shown to cause sclero-

dermia, Raynaud's phenomenon, acroosterolysis,
liver damuage and liver eancer (hemangiosarcoma)
(1) in workers exposed to vinyl chloride monomer
(VCM). This has been shown in studies (2, &)
performed at companies which fabricate poly(vinyl
chloride) (PVC). In animal experimental studies it
has been reported that inhalation of VCM causes
ma;i)gnam tumors in different organs in rodents
(4-6).

In Sweden, in 1974, two cases of liver heman-

*Occupa:ional Toxicology Unit, Department for Occupational
Medicine, Labor Medicine Division, Department of Occupational
Safety, B.x 100, 26 Stockholm, Sweden,

_ *Statis.cal Institution, Stockholm University, Box 6701, 113
% Stockk. lm, Sweden.
_Group for Applied Statistics, Karlbergsvagen 82, 113 35
Mockholn.. Sweden.
**Bureau of Statistics, Department of Welfare, 106 30 Stock-
Sweden,

October 1981

giosarcoma were diagnosed in employees at a
company engaged in the processing of VCM and
PVC (7). Later another two cases occurred at the
same factory.

Studies on other forms of cancer (8, 9) suggest
that VCM-exposed workers in the PVC fabricating
industries may possibly run an elevated risk of
contracting forms of cancer other than hemangio-
sarcoma in the liver. Earlier, an excess mortal-
ity from cardiovascular diseases was also observed
(10) in employees in the PVC manufacturing indus-

The present retrospective cohort study was per-
formed for the purpose of determining the pattern
of morbidity and mortality in the PVC processing
industry. The PVC processing industry, generally
speaking, has had a lower level of exposure to VCM
than the fabrication industry. In the Swedish PVC
processing industry, at present, about 5000 persons
are employed in production.

145

UCC 084251




Material and Methods

Information for the study was collected from four
PVC processing companies. The four companies all
used PVC which, after additions of various chemi-
cals, is heat-treated for fabrication into floor cover-
ing, lace, pipes, and food packaging.

Data Collection

The following data were collected from the per-
sonnel lists at the companies: personal number,
name, beginning and end of exposure (year and
month) and class of exposure.

In order for a person to be included in the original
cohort, at least three months of employment was
required in the period beginning in 1945 and the
ending December 13, 1974, The exposure was
classified as follows: class 8 (high), work in the
mixing department; class 2 (medium), heat treat-
ment machines; and class 1 (low), other production
departments, .=

The collected data were transferred to punched
cards and magnetic tape for statistical processing.
The magnetic tape was coordinated with the na-
tional total population and the so-called death tapes
for the 1961-1976 period and checked against the
cancer registry by the Central Bureau of Statisties
(SCB). The personnel numbers which could not be
recovered at this time were checked by the national
taxation office. The original cohort included a total
of 2,073 persons. Of these, 103 persons (5%) dropped
out, 70 or whom had moved abroad, 5 were found in
the missing persons register of the tax office, and
28 could not be traced.

Study Cohorts

For the statistical processing, the results of the
cohort of 1970 persons were divided into a number
of subcohorts (study cohorts): (1) all persons with at
least three months of exposure (follow-up time from
the beginning of exposure and through 1976); (2) all
persons with at least six months of exposure ex-
cluding those who stopped before 1961 (follow-up
time from beginning of exposure but no earlier than
1961 and through 1976); (3) all persons with at least
six months of exposure and where the exposure
began no earlier than 1961 (follow-up time from
beginning of exposure and through 1976); (4) all
persons with at least two years exposure (follow-up
time from two years after beginning of exposure
but no earlier than 1961 and through 1976 but no
more than ten years after exposure stopped); (5) all
persons with at least two years exposure (follow-up
time from ten years after exposure began but no
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earlier than 1961 and through 1976)

The two latter named study cohorts were chos:
in order to study whether any differences existeq»
the death cause pattern with respect to when ¢,
deaths occurred after the beginning of exposyn
The first of the study cohorts was intended to gh,-
light on possible causes of death which occur re;

tively early, e.g., accidents caused by the job. Tn,

second was intended to shed light on such des-
causes as occurred after a longer time had pass:
Tumors caused by occupational exposure, for &
ample, often have a long latency period, 5-10 vr ¢
longer. '

Results
The original cohort was relatively young at th

beginning of exposure. The age distribution in the !
different exposure classes is given in Table 1. Ore |

finds various dissimilarities between the exposun
classes. In class 1 (low), 41.7% were younger thy
35 years at the beginning of exposure; in clas: ¢

(average), 47.7%; and in class 8 (high), 50.6%. Then !

Table 1. Age distribution in original cohort at beginning o |

exposure

% in each exposure class

—

1-3

21
92
M4
18.3
1.4
133
113
7
45
24
0.6

bk Pk b Pt
bl il ik Bl sl ul o
B o R-T o - N Ny

> 65

No. of 100% 0=
persons (1501) (112 (1970

Table 2. Distribution of exposure time in the original cohort.

% in each exposure class
Months 1 2 3 13

<5 13.1 . 0.0 10
-2 38.4 3 8.9 a3
24-59 25.0 3 10.7 ze
15.3 . 15.2 20

> 120 82 , 65.2 13l

i
100% 100%

100% W
(M = 1510) (M = 857) (M = 112) (M = ¥

R

Environmental Health Perspectivef

UCC 084252

N gma
wfestin
vardiov:
ll,. weard
Axden’

merr—

Rik -
sar 1%

were &
with e
1. sho
which -
entran
which
times 1
has lor

The
increa:
tional .
the su

Stué
h;ast 8
the ris
what .
deaths

Table 5.

——




“vere chose:
28 existed
O When th,
€Xpos
ded to 5‘:\2:_:
occur ref,.
<€ JOb Th(-
such degt:
1ad passed
e, for ex-
. 5-]0 Yror

ung at the
tion in the
ble 1. One
o EXposure
nger tharn
In class 2
9%. Thert

eginning of

Table 3. Observed and anticipated number of deaths as of December 31, 1976.

ap——

No. of deaths

Approx. 9%
ot Number Observed Expected Ratio O/E confidence interval
el 1303 53 56.5 0.5 * 0.26
i a2 356 14 21.9 0.64 =z 0.34
iv cae3 12 - 8 10.3 0.70 = 0.47
b elass 13 Tooun 73 87.8 0.84 =019
fable 4. Obserned and anticipated number of deaths from 4
ceriain causes during the 1969-1976 period in those with at %
«ast 4ix months of exposure including those who stopped desths s+~ ohsarved
a
before 196]. v anticipsted
7
Ob- Ex-  Ratio .
served pected OQ/FE .
Yo.orant tumor: 140-209 17 14.0 1.21 4
roetive organ tumors 1560-159 8 49 1.63 L
a=iovaseular dizeases VI 2 24.3 0.91 2
¥. cardial infarction 410,90 15 . 200 1.49 1
yridents, suicide, ete. XVII 13 9.2 1.42 - . : ’ -
— 1945 1965 WES 180 WM IO w7

*Eish caleulatcd from the beginning of exposure but no earlier
-=a» 1961, Study cohort 2 (1771 persons).

were also di=similarities in the length of exposure
1:h respect to exposure class (Table 2). However,
r should be noted that the table includes cases
ahich were <till under exposure at the final date for
«rerance into the cohort (December 31, 1974), for
which reason, a certain bias toward short exposure
ames is fousid. Regardless of this, exposure class 3

- nas longer exposure times on the average.

The eohort as a whole reveals no noteworthy
mncrease in the total risk compared with the na-
tonal aver:ge, nor is there any indication of this in
the subgro:ips making up the study cohort.

Study cohort 1, which includes everyone with at
least six m nths of exposure and with calculation of
the risk from the beginning of exposure, is some-
what rema;: xable in that the anticipated number of
deaths is siynificantly higher than that observed up

Figure 1. Cumulative desths (in percent): (V) observed: (V)
anticipated. Expected value calculated from beginning of
exposure, Study cohort 1 (1970 persons). The percentage for
a given year was calculated as 100 (number of persons dying
through yvear in question divided by the number of persons
beginning exposure up to and including the year in question).

to 1964 (Fig. 1). This is commented on further in
the discussion.. Study cohort 2 (Tables 3 and 4; Fig.
2) includes persons with at least six months of
exposure, excluding those who stopped before 1961.
The risk calculation is made from the beginning of
the exposure, but no earlier than 1961 and up to the
end of the follow-up time (1976). The observed
number of deaths is somewhat lower than expect-
ed, much lower in exposure class 2. Classes 2 and 3
are relatively small and are sensitive to random
deviations in this type of analysis. In order for
random deviations not to influence the results, the
classes were combined. This is true of all study
cohorts. This distribution with respect to the vari-

Table 5. Observed and anticipated number of deaths as of December 31, 1976 in those with at least six months of exposure
beginning no earlier than 1961.*

No. of deaths
Approx. 95%
Cohort Numnber Observed Expected Ratio O/E confidence interval
Exp. class | 1139 4 4.2 1.04 = 0.31
Exp. class 2 247 4 1.7 ' 0.34 = 0.34
Exp. class 3 42 1 1.8
Exp. clase 1-3 1428 48 54.7 0.88 =035

*Risk calculation from beginning of exposure. Study cohort 3 (1428 persons).
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calculated through 1961. Study cohort 2 (1771 persons). of exposure N

Percentage for a given year calculated as in Fig. 1. Ficure 4. Observed death risk per year at different poin ¢

time after beginning of exposure expressed in percer: ¢ Ts
corresponding anticipated risk in those who began exposss a

3 N
o _ anticipated in 1961 or later. Study cohort 8 (1428 persons).
death =--smvpbsarved

Table €. Observed and anticipated number of deaths fron -
. : certain causes during the 19691976 among those with at lex X
o six months of exposure beginning in 1961 or later.* D
' ) Ob  Ex- R -
. served pected OF th

= Malignant tumors 140-209 9 9.7 08

wee wes wre wrs Digqt.ive organ tumors 150-1598 4 33 1
Ficure 3, Qumulative deaths (in percent) of those who began ﬁmlﬂ hac ummoln' ‘"“y 913 }2 }f; ?; ¢

exposure in 1960 or later. Study cohort 3 (1428 persons). Accidents. suicide, ete x"m 1n 7'3 13
Percentage for a given year calculated as in Fig. 1. ' r ) ' u
*Risk calculated from the beginning of exposure. Study coh.~ 5
. 3 (1428 persons). T
. ous death causes is shown in Table 4. The observed k

and anticipated number of deaths during the 1961-1968

period is relatively small, only a few cases, and the  cohort 3 (Tables 5 and 6; Figs. 3-5) which pertain: ¥
death cause classification was modified as mentioned  to those who began working in 1961 or later bw u
earlier in 1969, for which reason 1961-1968 periodis  which otherwise satisfy the same criteria as stud; d
not discussed separately. By and large, the picture  cohort 2, displays a similar picture. n
is the same there as for the 1969-1976 period re- An analysis of study cohort 3 according to for a
ported on. From Table 4, one sees that the ob- mula B (Figs. 4 and 5) indicates that the annual risk

served number of deaths, especially those from  during the first year of exposure is somewhat lower w
tumors of the digestive tract, myocardial infarction  than the anticipated one, but that after about ten 0
and accidents, is somewhat higher than anticipated.  years, an increased risk occurs so that the observed °
However, the differences are not significant. Study  risk becomes higher than the anticipated. :
f
Table 7. Observed and anticipated number of deaths from certain causes during the 1969-1976 among those with at least 150 r
years of exposure.* 5
Observed Expected Ratie OE ;
Malignant tumors 140-209 5@ 7.4 (8.9) 0.86° (1.01) 1
Digestive organ tumors 150-159 24) 2.6 (3.2 0.78% (1.27)
Cardiovascular diseases VI1 15 (16) 12.7 (15.8) L1 (10D
Myocardial infarction 410,90 1 a2 5.4 (6.6) 2.03% (1.82) t
Accidents, suicide, ete. XVII 4 4.6 (5.1 0.87% (0.9 (
—_— i
*Risk calculated from two years after beginning of exposure and no more than five years (10 years) after end of exposure. Stud: .
eohort 4 (1155 persons).
bp < 0.05.
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Table 8. Observed and anticipated number of deaths from
certain causes during the 1965-1976 in those with at least two
years of exposure.®

- Ob- Ex-  Ratio
served pected O/E

Yalignant tumors 140-209 9 6.0 151
Digestive organ tumors 150-159 4 22 18
Cardiovascular diseases VII 2 11 Lo8
Mvocardial infarction 410.90 8 4.5 L7
Accidents, suicide, ete. XVII 2 25 0.7

TWRisk calculated from 10 years after beginning of exposure.
Swudy cohort b (680 persons).

Table 9. Observed and anticipated number of deaths from
cancer during 1961-1976 in those with at least six months of
exposure excluding those who stopped before 1961.*

Ob- Ex-  Ratio
served pected OFE

Malignant tumors (total) 51 4.6 1.14
Digestive organ tumors (150-159) 11 85 1.29

"Risk calculated from beginning of gxposure but no earlier
than 1961 Study echort 2 (1771 persons).

In study cohort 4 (Table 7) which concerns time
during ongoing exposure or a relatively short time
after the end of exposure, i.e., “short-term per-
spective,” one sees an increased death risk from
myocardial infarction. Other causes are somewhat
lower here than expected.

In study cohort 5 (Table 8), finally, one finds an
indication of an increase in the death risk as regards
tumors, but also for myocardial infarction. The
differerces between the observed and anticipated
numbers are not, however, statistically confirmed
at the 3% level.

The result with respect to mortality can be sum-
marized as follows. In the study cohorts, overall,
one finds no noticeable increase in mortality. On the
other hand, there are indications of a shift in the
death cause pattern compared with the national
average. This shift is expressed primarily in the
fact that the number of myocardial infarctions is
noticeably higher during ongoing exposure or within
a relatively short period of time after the end of
exposure. There are also indications that the death
from tumors can be elevated among persons with a
long latency period (Tables 7 and 8).

In the question of cancer morbidity, there is no
certain increase in study cohort 2 (Table 9 and Fig.
6). In the question of tumors of the digestive or-
gans, in the same study cohort, 11 cases were
observed as opposed to an anticipated 8.5. The

Oct ber 1981
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Ficure 5. Cumulative survival probability (in percent) of those
who began exposure in 1961 or later and have at least six
months of exposure. Study cohort 3 (1428 persons).
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Ficure 6. Cumulative rates of cases of all cancer (in percent).
Study cohort 2 (1771 persons). The percentage for a given
year was calculated as 100 (number of persons diagnosed
through year in question divided by the number of persons .
beginning exposure through year in question).

difference is not statistically verified. One of these
eleven tumors was liver cancer (ICD 155.0).

Discussion

A noteworthy finding which arises in the analysis
of the total cohort mortality (Fig. 1) is that the
number of deaths at the beginning of the observa-
tion period (1947-1964) is significantly lower than
one would expect in relation to the national aver-
age. This difference is so great that one cannot
directly consider it to be randomly conditioned, nor
can it be entirely ascribed to the so-called healthy
worker effect. Theoretically, of course, the possibil-
ity exists that the selected cohort, in the question of
mortality and the factors which influence said mor-
tality, deviates from the general population. A more
credible possibility is, however, that the personnel
register that was available at the company involved
at the time of this study was incomplete in the
matter of hirings during this early period. A per-
sonnel register which, in the mid-1960’s, was purged
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of persons who began employment before 1960,
could lead to the difference mentioned above. The
companies involved reported that such a purging
did not occur, so far as they knew.

If such a purging (thinning out) nevertheless
oceurred, this would have resulted in the elimina-
tion of persons with a long observation time at the
time of follow-up. In the present study, the risk
calculations were limited to beginning no earlier
than 1961. This means a limitation of the analysis to
pertain to the group of employees who were living
at the beginning of 1961 and where the risk of an
elimination is positively eliminated. This limitation,
however, signifies a weakening of the analysis,
since parts of the cohort with long follow-up times
are excluded. Basically, this weakening signifies a
poorer possibility of discovering an elevated inci-
dence of cancer if one exists.

The myocardial infarction mortality (ICD 410.90)
is elevated in the cohort. This elevation occurs most
clearly in the category of the total cohort which has
at least two years of employment time and where
the analysis was directed at the period of time
following two years after the beginning of employ-
ment and extending to no more than five years after
the beginning of employment. Therefore, this in-
volves that fraction of the mortality from myocar-
dial infarction which chronologically is relatively
closely connected to the time of employment. It is
impossible on the basis of such observations to
draw conclusions that the elevation was caused by
exposure to vinyl chloride. The observed increase
in myocardial infarction mortality is, however, so
striking that it, in combination with the known
facts about the toxic properties of vinyl chloride,
must be-given consideration. There are no reasons
to assume that varying diagnostics, standards or
practices in filling out the death certificates alone
could provide an explanation. A natural conclusion
is, therefore, that if one disregards the possibility
of a random local phenomenon, the increased fre-
quency is to be ascribed either to selection of indi-
viduals susceptible to the risk or an outbreak of risk
factors in the close environment of employees. A
combination of these two cirecumnstances is, of course,
also possible theoretically.

In this connection, it should be noted that many
risk factors for myocardial infarction are environ-
mentally conditioned in the fact that they constitute
part of the lifestyle of the modern social environ-
ment in an industrialized country. Cigarette smok-
ing, physical inactivity, overweight and high blood
lipids constitute environmental factors which are
related to social behavior. It is a well known fact
that the risk of coronary vascular disease in the
heart varies, inter alia, with the total load of risk
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factors. Among other risk factors, one can
name hereditary characteristics and high bloog pre-
sure. In this connection, there is reason to reco
that the causal network of coronary disease js .-
tifactorial and that the disease has an environp,:
tal relationship in the broad sense. There is 3.
reason to recall the aspect that the total rigk r.
creases when several risk factors, known or ¢
known, are allowed to collaborate (11, 12).

It has not been possible to establish the distrib..
tion of such already known risk factors for coronz-
disease in the cohorts studied with respect 10 ¢,
national population in general. Therefore, no cv:.
tinued analysis of the matter of the causal relatic-.
ship between close environment and heart disez~
morbidity can be made within the limits of th.
study.

Exposure classes 2 and 3 constitute subeohor.
that are too small, in the present study, to allw
meaningful discussion of the myocardial, infarctic-
risks relative to the various exposure levels in
processing industry. In this connection, one sho':
also consider the circumstance that the exposun
classes in this study are based on interviews wiz
the employees directed at the work environmenta:
the time in question some 10 to 15 years ap
Therefore, this involves an environment which ha:
subsequently undergone changes. Objective clas:.
fication criteria in the matter of exposure, e.g.r
the form of environmental measurements, do nc
exist. The distribution into exposure classes is, fo:
this reason, fraught with uncertainty. -

In animal experiments, it has been found that tt
toxicity picture in rodents chronically exposed
VCM involves the blood vessels. Besides hema:-
giosarcoma in the liver and the other organs (J.:
the inhalation of VCM is also believed to caux
development of telangiectasis (4) in the liver of mee
which can lead to death from hemocoele. Change:
in the sinus cells have been observed in liver bio-
sies in VCM-exposed workers (18). Capillary change
in the skin of the fingers have also been observec
(14-16), both in VCM-exposed workers with othe:
vascular-involved diseases, such as acroosteolysi
Raynaud’s phenomenon, and sclerodermia, and
VCM-exposed workers without such diseases. A-
over-representation of deaths from cardiovasculsr
diseases has also been observed in a study ont¢
PVC-fabricating industries (10). Animal experimer
tal and previous medical studies of VCM-expoi¢
populations therefore support the assumption ths’
the increased risk of myocardial infarction observec
in the present study could possibly be ascribed
VCM exposure. . .

As regards the mortality and morbidity fro* 7
tumors, the results are uncertain. There are cen&"
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-aeations of an elevation, but the differences are
.+ statistically confirmed. One can think_ of two
~sibilities here: (1) in reality, there is no increase
« the risk of tumors; (2) there is indeed an in-
—ased risk of tumors. The results neither confirm
.« refute this. Tumors do not occur until after a
=g latency period. The majority of the persons
-¢:luded in the study did not begin their exposure
il the 60's and 70’s and therefore could not be
:owed for a sufficiently long time. An accurate
+ YJow-up of the present cohort during the coming
:.e-vear period should bring greater clarity into
HALH

In the present connection, it is of interest that in
1 recent]y published mortality study (17) on almost
i deaths in the American PVC-processing in-
i:ry. an overrepresentation in cancer mortality
sopears to exist (all cancer), especially gastrointes-
sral cancer in both sexes.
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Epidemiological Study of
Pneumoconiosis in the Italian
Poly(vinyl chloride) Industry

by G. Mastrangelo,* B. Saia,* G. Marcer* and G. Piazzat

Among 1216 workers employed in a poly(vinyl chloride) production factory, 20 cases of
pneumoconiosis were found. None of these workers had had previous exposure to organic or
inorganic dusts; 731 had been exposed to PVC dust (employed in drying, sacking and blending of
polymer) and 485 had been exposed to monomer alone, Chest x-ray films were read by two
independent physicians utilizing the ILO/UC Pneumoconiosis Classification, 1971. X.ray
abnormalities werg gharacterized by limited profusion, irregular type and low gravity; in a small
percentage of cases these were associated with slight restrictive respiratory function impair.
ments. All 20 workers with PVC.induced pneumoconiosis had been exposed to high PVC dust
pollution for at least five years. Mild nonspecific alterations (profusion of (/1 class) were found
both in the group exposed to PVC dust and in the group exposed to VCM alone. Such changes
(observed in 388 cases, 31.9% of the whole population), are reiated mainly to age and smoking

habits, and the role of exposure is minor.

We examined the working population of plants
vroducing poly(vinyl chloride) (PVC) in Porto
Marghera, Italy; 1216 workers had no previous
dust expo-ure. Of these 731 were exposed to PVC
dust polymer alone while 485 were exposed to vinyl
chloride m.nomer (VCM). In the drying, sacking
and blendi, g departments, PVC dust concentra-
tions were over 10 mg/m® of total dust in about 60%
of the sa:nples, whereas in the polymerization
departments no concentration over 10 mg/ma was
fund. In the samples taken, particles with diame-
ters of 1 um to 6 um constituted 4.5 to 30.9% of
total dust weight.

All the workers had chest x-rays according to
ILO standards and a spirographic examination.
Chest x-ray films were read by two independent
physicians utilizing the ILO/UC pneumoconiosis
dlassification. For statistical analysis, & consensus
reading was used.

“lstituto di Medicina del Lavero, Universita degli Studi
!'..r!ov?. 1z Facciolati 71, Padua, Italy,

. l.ammq di Radiologia (I Cattedra) Universita degli Studi
Yadova. Via Giustinian 3, Padua, Italy,

October 1981

Table 1 shows that there are no significant
differences in age and smoking habits, but the
exposure duration is higher in the workers not
exposed to dust.

Table 1.

No.of %of Age, yr  Exposure, yr
Group subjects smokers (mean = SD) (mean = SD)

Exposed 731 73.9 87.7= 8.8 6.1 4.0
to PVC dust

Not exposed 485 88.7
to PVC dust

35.7x 8.5 B6 =45

Table 2.

Age distribution of cases®
<30yr B8140yr 41-50yr

PVC dust

exposure, yr > 50 yr

<b -
5-10 -
>10 ' -

16.9)
29.5)

58.3)
89.0)

22.4)
2(3.8)

*Values in parentheses are percentages of subjects with PVC
pneumoconiosis in each class of age and exposure.
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In 20 subjects we found chest x-ray changes of at
least class 1 aceording to the ILO/UC classification.
The mean age of this group was 44.9 = 5.2 years
and the mean length of exposure was 11.6 * 5.4
years. Sixteen subjects (80%) were either smokers
or ex-smokers,

Table 2 summarizes the distribution of cases in
relation to age and length of exposure. In all age
groups there is an increase of disease prevalence
associated with the increasing length of exposure.

In the case of the x-ray changes, 16 subjects had
class 1/0 profusion, 2 cases class 1/1, 1 case class 271,
and 1 case class 2/2. [rregular opacities were
prevalent: 10 were type s, three were type t, six
were type p and one was type r. They were
diffused, mainly over median lobe areas.

A chest x-ray of a worker exposed to PVC dust
(Fig. 1) for 15 years shows a gross reticular
pattern: profusion is class 2/2, type t. In the right
hemithorax of the same subject (Fig. 2) there is a
mottled reticular pattern. Figure 3 is an enhanced
view of the right hemithorax showing the mottled
reticular pattern more clearly.

Another case éf PVC induced pneumoconiosis
can be seen in Figure 4. The worker was exposed to

FiGure 1.
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PVC dust for 20 years. A fine, dense retios
micronodulation is evidenced. Profusion is clag; -
type p-s. Figure 5 shows the right hemithors; v
the same subject; pin-point opacities can be see-
In spite of age and the considerable exposure, 1
majority of cases were in a low profusion categs.
indieating the slow evolution of the disease. AT}y
worked in high air-borne dust level environme=,
(mostly drying and sacking) for at least five yean
None of the 20 subjects was in a group unexpme
to dust and none had experienced previous oeeuys
tional exposure to orgahic or inorganic dusts. %,
considered the alterations to be PVC pneumacer,.
sis.
In 388 subjects (31.9%) we found slight cher
x-ray alterations consisting of linear or irrequi:
vanishing opacities or both, classified as class 0}
the remaining 808 subjects were class (/0.
Table 3 reports the total population distributi:
excluding 20 subjects with PVC pneumoconios.
Results are presented in a two-way table: ea:
entry reports the number of observations. Sampl~
are classified according to age and PVC dur
exposure: PVC + represents presence, and PV( -
absence of PVC; x-ray + indicates the group iz

Chest x-ray of a worker exposed to PVC dust for 15 years. Profusion class 2/2: type t.
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Fiane 2 Richt hemithorax of the same subject as in Fig. 1. Figure 8. Enhanced view of the right hemithorax of Fig. 2,
showing the mottied reticular pattern.

¢ass 01 profusion. To assess the influence of both  alternately held constant. Age is a most important

sk indicators we performed a two-way analysis of ~ factor. When exposure is held constant, 33.2% of

variance for proportions. the x-ray changes are shown to depend upon age,
Table 4 shows that both age and exposure were ~ when age is held constant, 6.5% are shown to

snificant factors influencing x-ray abnormalities.  depend upon exposure.

The square o a multiple partial association coefficient Table 5 summarizes the distribution of the cases

“r qualitative data was calculated to measure the  according to smoking habits in workers exposed

degree of a<sociation between the dependent vari-  and not exposed to PVC dust.

able (x-ray changes) and each of the two predictor Table 6 shows that chest abnormalities are

variables (age and exposure). Age and exposure are  significantly influenced by both risk indicators.

Table 3. Table 4.

Source of Degrees of Sum of Mean

Age distribution of subjects varistion freedom  sq q

< 30yr 31-40yr 41-50yr > 50 yr

Age 3 30.9718  10.3238
PVC 4 PVC dust
Any + 20 78 123 exposure 1 0.7843  0.7843
X-nay - 133 Interaction 3 0.9882  0.32%4
PC. Error 227.9403  0.1919
Xny - 17 % 55
Xray - 119 % < 0.01.
¥p < 0.05.
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Ficune 4. Chest x-ray of s worker exposed to PVC dust for 20 years. Profusion class 2/1; type p-s.

Table 5.

Nonsmokers Smokers

40 216
147 308
2 107
127 22¢

Table 6.

Degrees of Sum of
freedom  squares

1 7.8850
1 1.7847

1 0.1023
1192 251.9125

Ficure 5. Right hemithorax of the same subject as in Fig. 4

Environmental Health Perspectives

UCC 084261




asin Fig. 4.
Jtives

when exposure is held constant, habitual smoking
s responsible for 17.1% of the changes. When
smoking habits are held constant, exposure to PVC
dust is shown to be responsible for 8.9% of the
y.ray abnormalities. _

Our epidemiological study confirms experimental
wd pathological data already reported regarding
he effects of PVC dust. Lung changes are directly
relasted to PVC dust exposure, whereas VCM
exposure alone fails to cause these changes. There-
tre. we believe that pulmonary changes are not
rathogenically similar to other vinyl chloride in-
duced abnormalities, that is fibrosis of the liver,

October 1981

scleroderma-like skin changes, and peripheral vas-
cular damage.

In our study there was only a 1.6% prevalence of
pneumoconiosis in the total population, but in the
workers exposed to effective risk of pneurnoconio-
sis (731 subjects) the prevalence rose to 2.7%.

Apart from 20 cases of pneumoconiosis, mild
nonspecific alterations (profusion of 0/1 class) were
found in the group exposed to PVC dust and in the
group exposed to VCM alone. Such changes are
related mainly to age and smoking habits, and the
role of exposure is minor.
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excess Lung Cancer Risk in a Synthetic

Chemicals Plant

by Richard J. Waxweiler,* Allan H. Smith,t Henry Falk:

and Herman A. Tyroler**

A standardized mortality ratio of 1.49 for respiratory system cancer (42 observed deaths versus
252 expected, p < 0.01) was observed among a cohort of 4806 males employed at a synthetic
chemicals plant since its startup in 1942, Upon review of pathologic msaterial, the excess was
fuund to be limited to adenocarcinoma and large cell undifferentisted lung cancer. Many of the
workers had been exposed to vinyl chloride, as well as 1o chlorinated solvents, poly(viny}
chioride} (PVC) dust, acrylates and acrylonitrile. To evaluate the association between lung
cancer and occupational chemical exposures, detailed work histories for each cohort member
were combined with exposure ratings for each of 19 chemicals for each job for each calendar year
since 1942. A serially additive expected dose model was then constructed which compared the
doses of the chemicals observed for the lung cancer cases 10 the doses expected based on
subcohorts without lung cancer individually matched to the cases. PVC dust appeared to be the
most likely etiologic agent (p = 0.037). Time trends of PYC dust exposure indicated a potential

latent period of 5-16 years before death.

Introduction
Qur previ.usly published (1) retrospective cohort

mertality eudy of workers exposed to vinyl chlo--

ride monomer (VCM) at a synthetic chemicals plant
demonstrat-d an excess risk of death from respira-

tory system cancer in addition to the already -

recognized association between VCM exposure and
angiosarcoma of the liver (2-10). Preliminary re-
view of the lung cancer cases indicated they were
all adenocarcinomas or large cell undifferentiated
tumors—an unusual histologic distribution.
Although lung tumors have been induced exper-
imentally by exposure to VCM (2), the epidemiologic

*Industry-wide Studies Branch, Division of Surveillance,
Hazard Evaluations and Field Studies, National Institute for
Oceupatiora} Safety and Health, 4676 Columbia Parkway, Cin-
annati, Ok.:0 45226,

*Depart:uent of Community Health, Wellington Clinieal School
of Medicir.c, Wellington Hospital, Wellington 2, New Zealand.

{Division of Chronic Diseases, Center for Environmental
Health, Centers for Disease Control, Atlanta, Georgia 30333.
_**Deparment of Epidemiology, Schoo! of Public Health,
;_x;:l\:rsn_\- of North Carolina, Chapel Hill, North Carolina

i N
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data are suggestive but equivocal. Two cohort
studies found no excess lung eancer risk (4-6). In six
other studies, elevated lung cancer risks were
found overall or among subcohorts; however, few of
these excesses were statistically significant due to-
moderate excess risks and/or small numbers of
cases (7-9, 11-18).

Because of the uncertainty in the literature
regarding the association between VCM exposure
and lung cancer and because of the diversity of
occupational chemical exposures experienced by
the lung cancer cases in our previous study (1), we
decided to evaluate our cohort further to determine
whether or not lung cancer was associated with
VCM or with other chemical exposures. Thus, the
following research had three objectives: (1) by
using a retrospective cohort design, to determine if
our previously published excess lung cancer risk
among employees exposed to VCM at this synthetic
plastics plant also existed for the total plant popula-
tion (2) by using a case-comparand study, to de-
termine whether an excess lung cancer risk of a
particular histologic type was in force at the plant
and (8) by using a serially additive expected dose
model, to test whether one or more particular
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chemicals used at the plant were associated with
either the excess risk of all or of a specific histologic
type of lung cancer.

Methods and Results

Reti'ospective Cohort Study

The population at risk for the retrospective co-
hort study consisted of the 4806 males ever em-
ployed at this plant from its opening in 1942 until
December 31, 1973. In the absence of individual
data on race, everyone was assumed to be white
because the company indicated that less than 2% of
the population had been nonwhite. Date of birth
and detailed work histories at this plant of all jobs
and dates worked by each individual were coded.
By follow-up of all study members from the first
date hired at the plant through December 31, 1973,
it was determined that 4174 were alive and 559 had
died. The 73 (1.5%) persons lost to follow-up were
considered alive thyreughout the study. The 16 (3%)
deceased persons for whom no death certificates
could be located were assumed dead, cause of death
unknown. A modified life table analysis (NIOSH)
was used to obtain person years at risk of dying by
five year age and calendar time periods. United
States white male death rates specific for five year
age and calendar intervals were used to calculate
the expected deaths and standardized mortality
ratios (SMR’s). SMR's were tested for statistical
significance using the Poisson distribution (one-
sided).

The cohort was young; by December 31, 1973,
only 30% of the cohort, if alive, would have been
over 54 years of age, However, 63% of the cohort
had been hired before 1954 and thus had the oppor-
tunity to achieve 20 years’ latency.

Two separate analyses of the cohort were made.
Initially, all members were considered at risk from
their first date of employment at the plant. This
analysis yielded 556 observed and 550 expected
deaths (Table 1). Risk of death due to malignant
neoplasms of the central nervous system (SMR =
209) and respiratory system (SMR = 149) were
both significantly elevated. A second “over ten-
year latency” analysis was carried out by beginning
person-years at risk only after an individual had
achieved the tenth anniversary of his first date of
employment at the plant. Results similar to those in
the first cohort analysis were found but with slightly
higher SMR's. Respiratory system cancer had an
SMR of 156 based on 39 observed cases. Because
our previously published analysis (1) of just the
presumably VCM-exposed workers at this plant

160

Table 1. Observed and expected deaths among chemicyl Max
worker cohort.

Cause (ICDA-7 Code) Observed Expected SNp

All causes 556 3502
All malignant neoplasms

(140-205) 109

Digestive system (150-159) 24

Respiratory system (160-164) 42

Central nervous system (193) 9

Lymphatic and hematologic

(200-205) 9
Other cancers 2 2o

‘Five persons, including three of the original 559 deaths, aen
not included in the eohort analysis because of missing xon
histories.

by < 0.01.

p < 0.05.

also found an SMR of 156 after 10 vears latency,
these results indicate an excess lung cancer risk no:
solely due to VCM exposure.

Case-Comparand Study

The second objective of this study was to deter-
mine whether an excess risk existed for a particulsr
histologic type of lung cancer. Because no historica!
data exist on histology-specific lung cancer inci
dence or mortality rates and because histologic
classification is somewhat variable between pathol
ogists and over time, a case-comparand design was
chosen to accomplish the second objective,

Medical records and pathology reports were ob
tained on all deceased members of the cohort whose
death certificates mentioned cancer or respiratory
disease. For 45 cohort members, primary or un
specified lung eancer was reported on at least oneof
these three records. A few persons who died after
December 31, 1973, the cohort ending date, were
included. Of the 45 cases, 42 were born in Kentucky
or an adjacent state. Histologic material was re
quested. The worker case group consisted of the %
of the 45 deceased individuals for whom histologic
specimens were available.

As a comparison group, the lung cancer case
(comnparands) most closely preceding and succeed:
ing the chemical plant worker case in the chronolog:
ically ordered hospital pathology logs were selected
that matched in age at diagnosis, sex, race, and
county of residence. For four cases, only one matched
comparand could be found.

Histologic material was reviewed by a panel of
pathologists unaware of the employment histore:
(case versus comparand status) of the deceased
The histologic type distributions, according to the
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peans Administration classification scheme (14),
' compared between the cases and comparands.
e resuls of the majority opinion of the pathol-
. vanel are listed in Table 2. The panel found a
" tcantly (p < 0.05, chi-square) higher percent-
%t large cell undifferentiated (type d4) cancers
= =i the worker cases than among the community
-‘_'.:mﬂds (307 vs. 10%).
& using the SMR for respiratory system cancer
:|s in the retrospective cohort study and the
~ned and expected histologic distribution of
-2 cancer deaths based on the case-comparand
.4 Table 3 demonstrates the calculation of his-
. . = specific lung cancer SMR's (column C). If the
- cases for which histologic specimens were avail-
+ « are considered representative of all 45 lung
- oer cases, it appears the excess lung cancer risk
4 wwars limited to types 3 and 4, adenocarcinoma
.1 large cell undifferentiated, with the greater
-.+ due 10 the latter, Approximately 13.5 of the
13 « excess lung cancers among the plant workers
» zld be due to adenocarcinoma and large cell
.- :ferentiated carcinoma. ¢ *
I: appears that there is a histology-specific ex-
~~+ lung cancer risk among workers at this plant
o+ that this differential distribution of cell types is

Table 2. Case and matched comparand histologic distribu-

not an artifact of the geographic region nor of the
pathologist’s techniques. The fact that this risk
occurs for adenocarcinomas and for large cell undif-
ferentiated lung cancers makes it very unlikely that
it is due to cigarette smoking.

Serially Additive Expected Dose Model

The third objective was to test whether any
presumed occupational chemical exposures were
associated with the excess lung cancer risk at the
plant. It was decided to analyze the previously
mentioned cohort data in a serially additive ex-
pected dose (SAED) model (10), obtaining for each
lung cancer case the observed and expected doses
of each chemical, conditional on certain characteris-
tics. The purpose of the SAED model is to compare
the observed exposure of each case in a study with
the exposures of fellow workers close to the case in
year of birth, and in age at commencement of work
at the company. If the total wark force in the plant
under study is referred to as the cohort, then each
case can be thought of as belonging to a subcohort
of workers with approximately the same year of
birth and age at commencement of work in the
plant. In each year that a case worked at the plant,
his exposure can be compared with that of the other
members of his subeohort who were working in that
year.

Company personnel compiled estimated exposures

tions.
- on a scale of 0 to 5 (5 being the highest exposure) for
Veterans Ad- —Frequency each of 19 chemicals (Table 4). Each job was as-
ministration W Community  gigned an exposure rank for each calendar year of
" Rstolodi b d"’e‘fd":““‘ c:u"k:" “’";’:::"d the study (Table 5). These exposure data were then
st pe linked with work histories identifying the jobs each
Epdermoid 1 6 (22%) 15 (30%) worker had in the plant and the calendar time
‘-;u cell und:fferentisted g g %:; :2 Em; involved. The analytical method is based on esti-
jgenoaranoma : mating exposure dose by multiplying the exposure
m«u uncifferentisted : 8 (%M’) g 2102:; level by the number of days worked at that level.
Total ‘ 27 (100%) 50 (100%) These “doses” are accumulated over a calendar
year for a case to yield the observed dose and for
Table 3. Histologic specific lung cancer risk among plant personnel.
_ Histologic distribution
Histologic Excess cases among
Observed Expected speciic SMR  those pathologically Total excess
) B C = 149 (A/B) reviewed (DP* cases (E)°
Tot 100% 98%* 149 8.9 14.8°
Epidermoid 22.2% 30% 110 0.6 0.9
Small cell 22.2% 30% 110 0.6 0.9
Adenccarcinoma 25.9% 28% 138 1.9 3.2
Large cell 29.6% 10% «] 6.2 10.3
D = (27 A) - (27 B x 100/149).
L = (154)~ (45 B x 1001149),
*Specific cell types do not add up to total becsuse of “other” type lung cancer among comparands.
October 1981 161
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his subcohort to yield an expected dose for each
year that a case works. The methodology has pre-
viously been described in detail elsewhere (10).

In addition to testing the total-dose hypothesis,
the SAED analysis facilitates examination of the
observed and expected doses for each year of
exposure before death. Exposures to 19 chemicals

Tabie 4. Exposure ratings used to classify jobs.
Rating Exposure

0  No exposure

1 Minimal exposure to low levels (chemical in building.—
not handled, low vapor pressure and dust level,
probably works on different floor)

2  Moderate exposure (works around the chemical, but
exposure is minimal)

8  Works in areas where subject to occasional high
excursions (normally exposure is minimal but

were assessed; seven of the chemicals were, howeyer
excluded from the formal analysis because so fox
persons were exposed to them at levels 3, 4 ang;
(Table 6). o

The SAED model analysis resulted in the gb.
served minus expected cumulative dose differences
per case in Table 7. The differences for PVC dugy
are striking in comparison with the other
sures. For the large cell undifferentiated caner
and adenocarcinomas combined and for large col
undifferentiated cancer by itself, the differences in
exposure to PVC dust are three to four times s
large as those estimated for vinylidene chloride, the

Table 6. Frequency of job categories having at least one yew
of exposure greater than specific exposures levels.t

No. at each exposure Jeve)

occasional spills, leaks, or dust exposure 1 2 3 4 3
May oceur)
4  Works in areas where level is high (exposure levels in Acrylic acid 13 4 3 0 0
the area are frequently high; might consider that some Acrylamides 14 4 4 ¢ 0
risk is involvedsif chemical is very toxic) Acrylonitrile % 25 13 6 1
5  Intimate contact, skin or high inhalation (such as poly Acetylene 2 11 10 3 1
cleaners in earlier years handling sturry) Acrylates 3 3 2 § 2
- Bisphenol A 7 2 0 0 0
Butadiene 23 15 9 § 1
Caprylyl chloride 25 9 6 6 38
Table 5. Chemical exposure ratings specific for job identification Chlorinated solvents 30 18 7 4 |
number and calendar year for » given chemical. Chloroethy] vinyl ether 2 6 4 1 0
Diethyl maleate 1] 6 0 o 90
Chemical #1, Exposure ratings Mercurie chloride 15 7 5 3 3
job identifi- Methanol 3 21 u 2 2
cation number 1942 1943 1944 1845 146 1973 Phenol 2 1 0 6 0
Toluene 2 0 0 0 0
1 0 0 0 2 2 2 Vinyl chloride 55 40 23 2 4
2 5 5 5 b 5 5 Vinylidene chloride 20 14 8 5 2
3 2 2 1 1 0 1] Vinyl acetate 26 18 10 o 0
- . . . . . PVC dust 66 32 19 9 6
. *E.g., for acrylic acid, employees could have worked in I3
84 4 4 4 1 1 1 different job categories that had exposure levels o7 one or higher
in at least one calendar year between 1942 and 1973,
Table 7. Observed minus expected cumulative dose differences per lung cancer case.
Pathologically Adenocarcinoma
Chemical All lung cancers reviewed cazes and large cell Large cell
Acrylonitrile 652 402 446 -128
Acetylene -353 -289 29] -167
Acrylates -322 =251 -83 -339
Butadiene =330 ~207 ~408 -£22
Caprylyl chloride 547 =258 =270 ~1139
Chlorinated solvents -B868 572 =150 749
Mercuric chloride =507 -425 =211 ~£2
Methanol —430 -£18 456 1078
Vinyl chloride monomer -1428 =795 26 207
" Vinylidene chloride ~341 210 804 1325
Viny) acetate =707 480 =217 328
PVC dust 763 2448 3225 4526
162 Environmental Health Perspectives
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pext most evident chemical. The significance levels
of the larger of these differences are found in Table
# for the total cumulative doses and also for cumula-
tive doses until 10 years before death. Statistical
significance was observed only for exposure to PVC
dust.

Latency analysis for PVC dust (Fig. 1) shows a

2k for the difference between observed minus
expected dose during the period 5 to 16 years
before death. As the diagnosis of the disease of
interest becomes more narrowly defined as a patho-
logically homogeneous entity, the dose difference
per case increases, yet the implied latent period
stays constant.

Discussion

The first objective of this study was to determine
if the excess lung cancer risk among employees
exposed to VCM also existed for the total plant
population, including those persons not exposed to
VCM. The retrospective cohort mortality study
showed that respiratory system cancers occurred
approximately 50% more frequently among the em-
plovees of the entire plant than would have been
expectec based on age, sex, race, and calendar year
specific United States death rates. A similar excess
had been previously shown to exist among the
subcohort of employees exposed to VCM (1). Thus,
the exce s lung cancer risk at the plant appeared to
be inde;.endent of VCM exposure unless one hy-
pothesized that it was due to extremely low levels

Table 8. Probability value of paired t-tests of cumulative
difference. between observed and expected doses for lung

CANCer cases.
10 or more
Total  years before
(all yearsy* death
All cases (N = 45)
PVC dust 0.185 0.253
All pathologically reviewed
cases (N = 27)
PVC dust 0.026° 0.047°
Adenocarcinoma and large cell
(N = 15)
PVC dust 0,037 0.061
Vinyl:dene chloride 0.267 0.333
Large cell (N = B)
PVC dust 0.068 0.177
Chlor.nated solvents 0.360 0.435
Vinylidene chloride 0.201 0.32

*Twelve chemicals were tested for each lung cancer group,
thus, under an assumption of independence of tests, one would
ﬂqﬁ ore test to be significant at the 0.08 level.

< (.05,

October 1981

of VCM that could have permeated throughout the
plant.

Potentially confounding variables are age, sex,
calendar year, race/ethnicity, migration, urban res-
idence, cigarette smoking and socioeconomic status
(SES). In the retrospective cohort study, age and
calendar year cannot confound because they are
adjusted in the results. All persons in the study are
male and 98% are presumed white. White male
specific rates were used for comparison to control

ose potential confounders by subject category re-
striction. Ethnicity and migration (both inter- and
intracountry) effects are considered minimal for all
three study designs because 42 of the 45 cases were
born in Kentucky or an adjacent state. Urban resi-
dence is mainly associated with an excess of
epidermoid and small cell undifferentiated lung can-
cer (15) rather than the histologic types of lung
cancer found in excess in this study. Excess lung
cancer rigk is associated with low socioeconomic
status (16, 17), measured either by education (rela-
tive risk of 1.2 for persons with fewer than eight
years of school) or by occupation (relative risk of 1.3
for laborers). Since the cohort consists of a mixture

of socioeconomic status levels, there is probably
insignificant confounding due to SES at the plant
considered as a whole. Furthermore, recent infor-
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Ficure 1. Observed minus expected dose differences per case
among lung cancer cases for PVC dust.
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mation indicates that these risk gradients may be
partially due to smoking patterns (18, 19), which
would affect epidermoid and small cell undifferenti-
ated lung cancers.

The second objective of this research was to
determine whether an excess lung cancer risk of a
particular histologic type existed. The case-comparand
study showed that there was an excess of adenocar-
cinomas and large cell undifferentiated lung cancers
among the cases occurring among plant employees
compared to other lung cancer cases from the same
comrnunity. Because the pathologists reviewed both
sets of slides without knowing which were those of
plant employees, it is unlikely diagnostic biases
occurred.

Histologic specimens were more difficult to find
among the cases which died earlier and which were
older on the date of death. However, community
comparands were matched with the cases on age
and date of diagnosis and had to have specimens
available themselvesshence a biased ascertainment
by histology between cases and comparands would
be unlikely. The choice of community comparands
makes it unlikely that a community wide pollutant
was responsible for the excess risk at the plant for
types 3 and 4 lung cancer. Consequently, it can be
inferred from Table 3 that the excess lung cancer
risk in the cohort was limited to adenocarcinoma
and large cell undifferentiated cancer. Adenocarci-
nomas, accounting for a minor proportion of this
excess risk, have been shown to be weakly, if at all,
related to cigarette smoking (14, 20-22)

Large cell undifferentiated carcinoma of the lung
is the only major histologic type that has appeared
to be unrelated to cigarette smoking. Thus, ciga-
rette smoking was probably not a major confound-
ing variable. However, the role of smoking as a
promoter or cocarcinogen cannot be ruled out. Nev-
ertheless, the conclusion of this phase of the inves-
tigation was that an excess risk occurred among
plant employees for types 3 and 4 lung cancer,
especially type 4.

The third objective was to test whether one or
more particular chemicals used at the plant were
responsible for either the excess risk of all lung
cancer or of the types 3 and 4 or just type 4 lung
cancer. The SAED model was specifically devel-
oped for this objective.

The major hypothesis was tested for each chemi-
cal in the SAED model by using the one-sided t-test
of the observed minus expected cumulative doses
over all years before death and ten or more years
before death (Table 8). PVC dust was the only
chemical that was statistically significant. These
results suggest that an excess of types 3 and 4 lung

164

cancer exists at this plant and is related to P\
dust exposure.

The suggestion of PVC dust being a lung carvi»
ogen is biologically plausible. Almost all PVC pr.
cles produced by the emulsion system, one of s

systems at this plant, are in the respirable ran;. |

(23). These particles could settle in the lungs u.
conceivably by themselves cause lung cancer, |
fact, one case of supposedly PVC dust-induced pre,
moconiosis has been found in a worker (24), an:
pulmonary granulomas (25, 26) have been induc:
in animals exposed to PVC dust. In a large prop:.
tional mortality study of 4341 deaths that occurn¢
among PVC fabricators, persons expected to b
exposed to VCM and PVC dust demonstrated
slight (PMR = 117) excess lung cancer risk (2;),

VCM gas is easily inhaled, and possibly would b
in contact with tissue only a short time before bein;
either exhaled or absorbed into the bloodstrear
However, VCM becomes entrapped in the P\(
dust and can be released slowly over time. Thu:.
PVC dust particles in the lung may slowly releas
VCM to small adjacent areas of the tissue, prolong-
ing the contact time of that chemical to tissue. If
this latter hypothesis is true, then it begs th
question of why almost all of the liver angiosarcom
cases occurred among polymer reactor cleaners wh
received extremely high VCM doses while the lun;
cancer cases occurred frequently among the les
heavily exposed workers. In fact, there was
relationship between VCM and lung cancer in thi
analysis; yet, one would expect the lung to be the
major route of entry for VCM regardless of the
cancer site.
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according to the ILO U/C Classification. All these
cases were found among PVC exposed employees.
The pattern of radiologic abnormalities described is
very similar to that reported in the case in which
- the lung biopsy revealed fibrosis and granuloma-
tous reaction, with inclusion of PVC particles.

The same study reported the presence of less
marked radiologic abnormalities, of the linear-
reticular type, in a much larger proportion (32%) of
the population examined; these changes were pres-
ent both in VC monomer exposed and in PVC
exposed employees. While the prevalence was
higher in smokers than nongmokers, 65 of the 388
x-rays with linear-reticular opacities were found in
persons who had never smoked.

In another large epidemiologic study (8), expo-
sure to respirable PVC dust was found to be
associated in a proportion of exposed workers with
the presence of small rounded opacities on the chest
radiograph and a decline in mean ventilatory capac-
ity. 3

The question of pulmonary effects due to vinyl
chloride monomer continues to be of great interest.
The multi-organ effects of vinyl chloride include the
peculiar syndrome of acroosteolysis, scleroderma-
like skin changes, vascular changes affecting the
arteries, arterioles and capillaries of hands and
fingers, liver and spleen capsular fibrosis, liver
fibrosis, abnormalities of the sinusoidal vessels in
the liver, and portal hypertension. Ward (16) inves-
tigated the immunologic status of 58 workers from
a2 VC polymerization plant. The findings included
hyperimmunoglobulinemia, eryoglobulinemia, cryo-
fibrinogenemia, in vivo complement activation via
the classic pathway, with C, and C; conversion and
an increase in the B cell lymphocyte population.
Immunofluoreseent examination of skin, muscle
and lung biopsy specimens revealed the presence of
circulating immune complexes, with deposition on
the vascular endothelium and occlusion of small
vessels. Immunogiobulin, complement and fibrinogen
deposition in the subintimal regions of the vessel
were found in areas with subintimal fibrosis and
luminal oeclusion.

Grainger et al. (17) have accumulated evidence
suggesting the following mechanism: the vinyl
chloride metabolite cyclic chlorethylene epoxide, an
alkylating agent with high biological activity binds
to IgG producing structural conformational changes
that promote aggregation of IgG molecules. The
modified IgG may also become antigenic. The IgG
aggregates are cryoprecipitable and may initiate
complement activation. Precipitation of IgG aggre-
gates by cold leads to complement activation,
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platelet aggregation and conversion of fibrinogent
fibrin with polymerization. Occlusion of small ves
sels results, and ischemia stimulates new collage
biosynthesis.

Similar abnormalities of the immunologic staty.
were found in another study of 22 workers exposs
to vinyl chloride, with Raynaud’s syndrome and. it
some cases, acroosteolysis, Latent eryvoglobulinems
was detected in 18 cases, with increases of immun.
noglobulins, IgA and IgG (18).

Circulating cryoimmunoglobulins are a prom:
nent feature of idiopathic pulmonary fibrosis (15
and increased IgG levels have been shown to b
characteristic for bronchoalveolar lavage fluid o
such patients.

Interstitial pulmonary fibrosis is a possible effer;
of vinyl chloride exposure. The occurrence of more
dramatic and specific abnormalities in other orgar
systems—Tliver, spleen and peripheral circulation—~
has probably prevented more focused attention or
pulmonary effects of vinyl chloride in the past.

Long-term effects of vinyl chloride include wel
documented carcinogenicity. Lung cancer has be--
found to occur with an increased incidence 1.
several mortality studies (20-22). Abnormalities ir
sputum cytology tests have been found to be more
frequent in VC/PVC-exposed workers than in other
chemical industry employees and in smokers (2.

In experiments on mice, Suzuki (2,) has describec

hyperplastic changes of the alveolar lining cells anc
pulmonary tumors in the majority of exposed
animals. The ultrastructure was thought to indicate
that the tumors originated in type II alveolar cel

- Alveologenic tumors were also described in severd

other experimental studies (25-27). Interestingly.
other known carcinogens, such as polycyclic are-
matic hydrocarbons, nitrogen mustard and chro-
mates, produce pulmonary tumors in experimental
anlilmals similarly, originating in the type Il alveolar
cell,

The effects of vinyl chloride-poly(vinyl chloride:
exposure on the respiratory system of exposed
workers seem to indicate two patterns of nonmalig-
nant effects: a granulomatous reaction to PVC
dust, with inclusion of PVC particles in macre-
phages and histocytes and associated interstitiz
fibrosis, and an interstitial pulmonary fibrosis due
to vinyl chloride monomer effects on protein mole
cules and the immunologic mechanisms triggerd
by the altered protein. o

The long-term carcinogenic effect, with a significa””
increase in the incidence of lung cancer, also it &
concern, although the magnitude of this effect ha¢
not yet been completely evaluated.

Environmental Health Perspectives
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1970 through 1978. The annual incidence rate for
this period was also 0.25, almost double the expect-
ed rate of 0.14 per million in the United States (8).
There are gseveral possible explanations for these
observations, New York is more industrialized than
many other states, and it is possible that the
exposed cohort might be larger. Increased recogni-
tion and reporting of this entity might also be a
factor. Finally, relatively few workers have been

exposed for a long time to high levels of vinyl-

chloride monomer.

As Fox and Collier (17) point out, more than half
of the people who have ever been exposed to VCM
in the manufacture of PVC in Great Britain are
currently employed in the industry; approximately
75% of men who have been employed in the
industry have been employed for less than 10 years;
only 8% have been employed for 20 years or longer;
approximately half the persons who have been
exposed to VCM have heen intermittently exposed;
and only 10% of those who have been constantly
exposed have been exposed to high concentrations.

Thus it is possible that we are only beginning to see
the full impact of industrial exposure to VCM. This
suggestion is supported by the observation of
Monson et al. (18) that the relative frequency of all
cancers appears to be increasing with time in viny}
chloride workers. ‘ )
Other factors must also be considered in examin-
ing the frequency of ASL in our society. Working
conditions in the manufacture of PVC have un
doubtedly been influenced since the early 19405,
This was largely due to the recognition after 1957
that exposure to high concentrations of VCM ean
cause acro-osteolysis (19) and Raynaud-like phe
nomena, and in the early 1970s that high concentrs-
tions of this chemical increase the risk of dying from
ASL (6). A reasonable assumption is that earlier
workers were probably exposed to higher concen-
trations of VCM than those who entered this
industry during the last decade. Interestingly, it
has recently been suggested that the age at diagno-
sis and latency period for ASL might be increasing
(15). If verified, these preliminary observations

Table 1. Angiosarcoma of the liver (ASL) in residents of New York State (excluding New York City), 1970-197%.

Other tumors

Year
of ASL Exposure Yearof
Case Age Race* Sex diagnosis history® Metastatic site Type Site  diagnosis

1 60 w M 1970 Direct, VC Adrenal, omentum -
2 45 w F 1970 Possible, VC  Kidney, scalp, dura -
3 45 w M 1970 — Bone, adrenal —
4 18 B 3 1870 -_ Spleen, lymph nodes -—
5 55 w F 1971 — Spleen, omentum, adrenals, —_
lymph nodes —
6 68 w M 1971 —_ -_ Lymphosarcoms lleum 1955
7 412 w F 1971 - Lungs, adrenals, skin ) —
8 . o0 F 1972 Possible, VC  Heart, brain, lungs, adrenals -
9 i w M 1972 . -— Spleen, marrow, lymph nodes —_
10 64- w F 1973 Direct, AS - Fibromyxolipo- Knee 1963
sarcoma
Mesenchymoma Liver 1978
11 47 w M 1973 Direct, ThO,  Brain, lymph nodes -—
12 62 w F 1978 Posaible, VC  Spleen —
13 63 w M 1978 - Spleen, pancreas, adrenals, Transitiona] ~ Bladder 1973
brain, bone, lungs, lymph nodes  cell carcinoma
14 59 w M 1978 —_ —_— -_
15 81 w F 1974 Possible, VC — —
16 % w M 19 — - -
17 62 w F 1974 — -— -
18 [ w M 1975 Direct, VC - -—
19 3 w M 1975 — -— -—
20 43 w M 1977 -_— Spleen, brain, lungs, duodenum —_
21 54 w F 1977 -_ —_ -—
2 63 w M 1977 -_ —_ -
P s w F 1978 - - -
24 46 w M 1978 - - -_

W = White; B = black, O = oriental.

YWC = vinyl chioride, PVC = poly(viny! chloride), As = arsenic, ThO; = thorium dioxide; possible = lived within

one mile of VC or PVC factory.
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1955

1969
1973

-ight be of great importance in evaluating the
;igsibility that lower doses of VCM might be
usociated with ASL after a prolonged latency
riod.

?Apa.ﬂ. from the risk of ASL associated with
adustrial exposure to VCM, the possibility exists
-1at nonoccupational exposure might also be asso-
cated with ASL. Block (20) has suggested that this
disorder might result from chronic low level expo-
swre to this chemical, Landrigan and Heath (21)
found cases of ASL among workers at two poly(vi-
nvl chloride) fabrication plants and in residents
jving nearby. A study in New York State (16)
found that five individuals with ASL (but no
apparent occupational exposure to VCM) lived in
closer proximity to polymerization and fabrication
plants than their matched controls. In a study of 10
patients with ASL in Wisconsin (22), one patient
lived near a chemical company that made plastics
and resins. These observations might be fortuitous
and must be tempered by the preliminary evidence
suggesting that no excess of ASL is found among
PVC fabricators (11). At present there is no conclu-
sive evidence associating this tumor with nonoccu-
pational exposure to VCM. However, this issue and
a closely related one—that chronic low dose expo-
sure might be associated with an increased risk of
ASL—require further evaluation. To fully appreci-
ate the potential magnitude of this issue, one must
consider both residential proximity to plants and
other potential sources of public exposure. Esti-
mates have been made that 4.6 million people live
within five miles of United States monomer and
polymer production facilities (23). During the years
of unconirolled emissions, it was calculated that the
average exposure level to this population was
approximately 17 PPB (28). Household use of
aerosol products in enclosed spaces, even in short
30-sec bursts, could result in air concentrations of
VCM as high as 400 ppm which can persist several
hours afier spraying (9, 10).

The Eiologic Spectrum of Vinyl
Chioride

Reference has aiready been made to the associa-
tion between VCM and acro-osteolysis, Raynaud-
like disorders and ASL. It is also clear that this
agent can induce nonmalignant liver disease. In
Russia a form of chronic hepatitis was found in
approximately 25% of VCM workers (24). In addi-
tion, Thomas et al. (25) documented the occurrence
of portal hypertension associated with hepatic fibrosis
(Banti's syndrome) in a study of the hepatic tissues
obtained from 20 workers with industrial exposure,
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Of great concern is the growing evidence sug-
gesting that the spectrum of disorders associated
with VCM might include certain other neoplastic
diseases, pneumoconiosis and possibly excess fetal
loss. Several mortality studies have been conducted
in recent years. Monson et al. (18) found an
apparent excess of lung and brain cancers. A slight
excess of digestive tract, lymphatic and hematopoi-
etic tumors was also observed. A historical pro-
spective mortality study of 8384 men who had at
least one year of occupational exposure to vinyl
chloride demonstrated that cancers of the digestive
system (primarily ASL), respiratory system and
brain and lymphomas occurred more often than
expected in those members with the greatest
estimated exposure (26). Similar results were ob-
served by Waxweiler et al. (27) in a retrospective
cohort study of workers from four plants engaged
in the polymerization of vinyl chloride for at least 15
years. Although observed numbers in each of these
studies are quite small, the strength of these
observations lie in their consistency. In addition
inhalation studies by Viola et al. (28), Maltoni (29)
and Neplinger et al. (30) have demonstrated that
this chemical induces adenomas and adenocarcino-
mas of the lung, neuroblastoma of the brain,
lymphoma and various other tumors in a variety of
animal species. Two other studies are notable for
the different results obtained. A mortality study of
over 4000 deaths among current and former em-
ployees of 17 PVC fabricators from 1964 through
1973 found an excess of cancers of the breast and
urinary organs among white females ($1). Fox and
Collier (17) studied 7000 men who were at some
time between 1940 and 1974 exposed to VCM and
found no evidence to support the hypothesis that
cancers other than those of the liver are associated
with this agent.

Vinyl chloride inhalation or PVC might cause
abnormalities of pulmonary function and chest
x-rays (32, 33). Szende et al. (94) was the first to
describe pneumoconiosis due to PVC. Although
PVC dust appears to be the major offender, Lilis et
al. (32) showed that inhalation of this agent induced
less severe respiratory function abnormalities than
simultaneous inhalation of VCM and PVC. In a
more recent study of 1216 PVC production work-
ers, 20 cases of pneumoconiosis were found. Dura-
tion of exposure was about 12 years, on the
average, and never less than five years (85). This
study also suggests that pulmonary changes are
directly related to PVC dust, while VCM exposure
alone fails to cause these changes (35).

Available evidence also suggests that VCM is
mutagenic (36), and workers appear to have an
excess of chromosomal aberrations in lymphocytes
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when compared to nonexposed controls ($7). Selikoff
(88) found that fetal death rates among wives of
VCM workers ranged from seven to 14 per 100
pregnancies. Infante et al. (39) conducted a case-
control study of the pregnancy outcome among
wives of workers exposed to VCM and found a
significant excess of fetal loss in the exposed group.
While suggestive, these observations require
verification, particularly in view of the many fac-
tors known to influence pregnancy outcorne,
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