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Ten Cases of Angiosarcoma of

the Liver in Shawinigan, Quebec

Fernand Delorme, M.D., and Gilles Thériault, M.D.

Ten cases of angiosarcoma of the liver have been diagnosed
in Shawinigan, Quebec since 1955. All have occurred in men
who worked in a vinyl chloride polymerizing plant. Cigarettes
and alcohol do not seem to be associated with this tumor. The
amount of vinyl chloride 10 which these people were exposed,
according to information obtained through questionnaires, ap-
pears elevated. Angiosarcoma of the liver is accompanied by a
fibrosis of the liver which may precede its appearance. In de-
scribing the Canadian cases of angiosarcoma, this study at-
tempts to shed more lighl upon the causal relationship be-
tween vinyl chloride monomer and angiosarcoma of the fiver
and thus to provide some clues to understanding the patho-
genesis of this disease.

ln January 1974, three cases of angiosarcoma of the liver were
discovered among workers of a chemical plant.! This finding ap-
peared abnormal and the agent suspected of being responsible for
the disease was identified as viny! chioride monomer (VCM). Since
then, many reports on the occurrence of this cancer among vinyl
chloride workers have appeared around the world?"5 and the Unit-
ed States Qccupational Safety and Health Administration has
enacted a new threshold iimit value for concentration of this
chemical in the air of the working environment.®

Ten cases of angiosarcoma of the liver were diagnosed among
workers of a vinyl chioride polymerizing plant in Shawimgan,
Quebec. This is the largest number of cases ever to take place in a
single plant. The present study describes occupational history,
drinking and smoking habits and some histological features of
these Canadian cases. Data on some of these Canadian cases
jointly with cases of angiosarcoma trom the United States have al-
ready been described in another article by one of the authors.”
Since more accurate and complete information was retrieved on
the Canadian cases, it is being presented separately in the present
article.

From the Department of Pathology, Centre Mospialier Régonal de ka Maurice
Shawmigan. Quebec (D¢ Delormel and the Depaniment of Social and Preventive Med-
cine. Laval Umversity. Stefoy. Quebec Dr Thevault)
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Methods

Case Finding. — A search for cases of angiosarcoma of the fiver
beginning as far back as 1955 and extending over twn decades
was carried out by scrutinizing files of the regional hospitals in the
Shawinigan vicinity. AH cases of primary tumars of the liver were
collected and the histological material (slides. biopsy reports,
autopsy reports) were reviewed for the presence of angiosarcoma.
To confiem the diagnosis of angiosarcoma of the liver, the cases
were submitted to consultants from the United States famihiar with
this disease.

Occupational History. — The questionnaires used to obtain a
detailed occupational history of each case culled information can-
cerning past and present residence, medical history, smoking and
drinking habits along with past occupations and employers in
chranological order. The answers to most of questionnaires were
given by spouses of the men who died from the disease. In ane in-
stance, however. the answers were given by the sister and
brother-in-law. and in another. by the worker himself. Two former
co-workers of the men who died of an angiosarcoma of the liver
confirmed and completed the information abtained through the
families.

Plant Description. — The Shawinigan vinyl chloride plant start-
ed operating in 1943. At that time. it produced and polymerized
vinyl chioride monomer Later in the 1950s. it stopped producing
VCM and kept operating the polymerization unit. The workforce
varied from 100 to 350 workers. At the moment, it employs 250
men. Production of PVC has fluctuated with time. Present produc-
tion s estimated at 50 million pounds annually. Exposure to VCM
in the working atmasphere. though not documented. is believed
to have been very high in the past. Sharp mprovement has taken
place in recent years and it is estimated at Jess than 3 ppm at the
moment.

Results

Table 1 shows the age at death, the smoking habits and alcoho!
consumption for the ten cases of angiosarcoma of the liver diag-
nosed in the Shawinigan region over the last two decades. All
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Nonoccupational Factors on the
Respiratory System of Vinyl
Chloride and Other Workers

John Gamble, Ph.D.; Shuguey Liu, M.5.; A. J. McMichael, M.D., Ph.D.;

and Richard ). Waxweiler, M.S.LE.

There are suggestions in the literature that vinyl chloride
(VC) acts as a lung irritant. Respiratory questionnaires and lung
function tests were administered to 174 chemical (VC)
workers, B1 polyvinyl chioride (PVC) workers, 72 former VC
workers, and 136 rubber workers, and 68 maintenance workers
with exposure to VC, PVC, and rubber. Except for small air-
ways obstruction associated with rubber, increased respiratory
symptoms and decreased pulmonary function were not
associated with working in chemicals, plastics, or rubber.
Some increases in baseline pulmonary function were
associated with VC exposure. Acute reductions in pulmonary
function were observed in smokers working in chemicals,
plastics, and rubber. Heavier cigarette smokers over 40 years
of age had the most adversely affected respiratory system.

Work was not associated with chronic respiratory effects,
but all exposure groups experienced some acute respiratory
insult.

At high exposures, vinyl chloride (VC) is a nervous system
depressant, and in fact was investigated as a possible anesthetic,
but was not used because of circulatory and cardiac effects at
concentrations of 10-20 vol. %." In the late 1960's, acroostealysis
was associated with the polymerization of VC to form polyvinyl
chloride (PVC).2** Early in 1974, four fatal cases of angiosarcoma
of the liver were reported in reactor operators working in a VC-
polymerization plant® Subsequently the disease has been
discovered among VC workers all over the world. Experimental
and epidemiologic studies suggest that exposure to VC may carry
an increased risk of respiratory impairment.*’ As a result, the
Occupational Health Studies Group (OHSQG) at the University of

from Occupational Health Studies Croup. School of Public Health, University of
Narth Carolina. Chapel Hill. NC 27514
Reprint requests to NCNB Plaza. Suite 32. Chapel Hill, NC 27574 IDr. Gamble)

North Carolina and the National Institute of Occupational Safety
and Health (NIOSH) and CDC jointly carried out an epidemiologic
study of VC-PVC workers. A part of this study was the investiga-
tion of respiratory function and symptoms in currently employed
VC and PVC workers, former VC workers, and a sample of control
rubber workers employed in the same plant.

Methods and Materials

The plant under study has three major divisions. The chemical
plant produces primarity polyvinyl chioride PVC) resin, although
some copolymers such as vinylidene chloride and styrene-
butadiene are also produced. The polymers are either shipped or
used in the Film and Sheeting division of this same plant in the
production of plastic products. Film and Sheeting division
(plastics) is in a building adjacent to the Chemical Plant, which also
contains the Rubber Products division manufacturing primarily
tires and tubes. All workers currently emploved in the VC-PVC
plants. were invited for examination. A sampie of 136 rubber
workers from cleaner areas of the rubber division (ie.. tire
building, final inspection. shipping and receiving) and without
prior exposure to either VC or PVC, were selected and group-
matched with the VC workers on age and sex. A total of 71 former
VC workers and 68 maintenance workers were also examined.
The response rate varied from a low of 62% in rubber workers to
77% in chemical workers. Clinical, smoking and occupational
histories, complete physical examinations, chest roentgenograms.
sputum cytology, symptoms, blood and urine chemistries were
obtained on all 531 workers, and will be reported elsewhere.

The British Medical Research Council respiratory questionnaire
was administered by trained medical interviewers. Each worker
performed a minimum of five forced exhalations, seated and with
a noseclip. The three best performances were selected on the
basis of forced expiratory volume in 1 second {FEV) and forced
vital capacity (FVC) within 10% of each other, and acceptable re-
producibility of the flow-volume curve. In addition to FEV and

Reprinted from Jounal of Ocoupetional Medicine
October, 1070, Yolume 18, No. 10
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FVC, expired flaw at 25% (FEFas), 50% (FEFso), and 75% (FEF?s) of
exhaled FVC were obtained. At least three single-breath nitrogen
tests were aiso performed. Recommended procedures and selec-
tion criteria were followed for obtaining closing volume f(ex-
pressed as ratio of closing volume to vital capacity, CVA/CLY In
addition, a random sample of fifty-six VC. PVC and rubber
workers were administered lung function tests before work and
again after work. The difference in flow rates is calculated as after
- before/mean with afterwork flow rates measured using the maxi-
mum pre-exposure FVC.

The following questions were of interest in this study:

1. What are the effects of work on respiratory symptoms and
function? Symptoms and baseline lung function were analyzed ac-
cording to three work exposure categories: (a} current job thourly
VC salary VC, PVC, rubber. maintenance, former chemical}; (b} all
jobs. past and present fonly in VC. only in PVC, only in rubber, or
in a combination of the three. In this mixed exposure group an
analysis of covariance was used to sort out the contributions of
the VC. PVC, and rubber work experience to baseline puimaonary
function; (c) man-months of exposure to VC: All VC jobs were
given a high (10), medium (3} or low (1) exposure rating. Time (in
months) spent in each job multiplied by the exposure index
provided a cumulative exposure to VC. This cumulative exposure
score (CES) was then compared to baseline pulmonary function.

The association of dose (years worked in the exposure
categories or CES} and baseline lung function were assessed by
calculating lung function regression equations for each smoking
category of the total population. Then, within each exposure
group, actual values of each smoking category were expressed as a
percentage of expected values for all workers in that same
smoking category. In this way, the effect of work exposure on lung
function was adjusted for differences in age, height and smoking
between exposure categories.

2. What are the potential hazards of work exposure as measured
by changes in pulmonary function over a work shift (APF}? A
reduction in lung function suggests the likelihood of some harmful
exposure in the warking environment.

3. Are symptoms rates and lung function parameters com-
parable to other occupation groups? Because the PVC and rubber
control groups were themselves exposed to varied levels of dust
and fumes. comparisons with other studies are made.

Results

The age-smoking distribution of the population is shown in
Table 1. Slightly over half of the population were smokers, 20%
nansmokers, and 16% exsmokers. The exsmokers were older than

the other smoking categories, with proportionally fewer ex-
smokers in the X 39 year age group. Smokers and nonsmokers had
approximately the same distribution in all age groups. although a
higher proportion of nonsmokers were older. and a higher propor-
tion of smokers were in the middle age groups. None of the light
smokers [ <1 pac'k.r’day) smoked more than 25 pack-years, and
they were equally distributed in the < 25 pack-years category.
Most (61%) of the heavy smokers { 21 pack/day) were in the » 25
pack-year category: 25% smoked 10-25 pack-years, and 14% < 10
pack-years.

Table 2 shows the distribution of symptoms related to smoking
and age. Prevaience of cough, phlegm, and persistent cough and
phlegm did not increase with age. Breathlessness increased slightly
but steadily with age, with the oldest age group reporting a rate of
breathlessness 2.5 times greater than the youngest age group.
Smoking had a strong effect that was dose-related for all
respiratory symptoms. Light smokers (<1 pack/day} had the same
symptom rate for cough. phlegm. and persistent cough and
phlegm as exsmokers and pipe or cigar smokers. Exsmokers. pipe.
cigar, and <« 1 pack/day smokers had similar rates of
breathlessness.

Because of the potential confounding effects of age and
smoking, comparisan of symptoms in each exposure category
were adjusted for smoking and age differences. Table 3 shows the
prevalence of respiratory symptoms according to current job. The
salaried chemical workers consistently had the lowest prevalence
for all symptoms. Plastics. former chemical, and maintenance
workers reported the highest rates for cough, phlegm, and per-
sistent cough and phlegm: rubber and hourly chemical workers
were intermediate for these symptoms. All workers except the
salary chemical workers observed similar rates of breathlessness.

Table 4 reports the age and smoking adjusted prevalence of
respiratory symptoms in workers warking only in the rubber
division, only in plastics, and only in the chemical plant. Main-
tenance waorkers mave back and forth among chemical, plastics,
and rubber, with no epidemiologically appropriate records kept of
time spent in any of these areas. The mixed group comprised
those wha had worked in two or more exposure categories. The
plastics only and chemical plant only workers had marked reduc-
tions in reported symptoms when compared to all currently em-
ployed warkers in these same categories. Symptom rates fos the
mixed group were slightly higher than observed in the total
population, and similar to the former chemical group. Those
working only in chemical. plastics. or rubber appear to be a select
group of healthier workers. A high proportion of those with symp-
toms in current job categories had a mixed exposure of rubber.
chemicals and/or piastics.

*Nonsmokwr — hws smohed less than 10G cigareties in 2 fietime.

fExamoker = has stopped smaking jor more than 1 yesr. and dows not now zmoke 2 pipe or Cigar

$Smokw = hes smoked more then 100 cigarwites w a liktime, and has smaked within the iast year. Pipe or cigar smokers who also smoke cigarettes are included in this category
Py and Ciger = ail those who smoke » pipe or cigae now. but do not smoke cigarettes or hawe not smoked cigarettes tor a yeer < more

Parcentages n ihe margwais are % of fotals. percantages n calls are columin percentages.
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Smeling

Colngery
Nowsncher 18 20.% 56 43 ' 23 1ni
Ersmokar 84 (158 71 131 60 193¢
Al smokers 2R 685.0% 218 %4 137 25¢
<] puch/dey 61 Q15% '3 131 v 3 233t

1 pech/day 143 Eoe 182 238 112 189

>1 pacs/dey 38 (6.5% kLR k J 26.1 409
Pige and Cigar 708 85 195 21 15.2¢
Al 53t 149 192 92 2123

Age

Category

.29 7 a2 149 NS 83 1251
0% » 4m 157 152 L7 ] 19}
5049 162 35N : 154 23 105 216
5058 151 onaw 145 18 1 %5
60 221 41% 136 f-a a1 3
= Scored by criteria rom Beitish Medical Resesrch Courci! Respwatory questionmaire.
t=1 missing
1=23 missing

Figures 1-6 display the regressions of puimonary function tests
for the different smoking categories. Age and height significantly
affected FEV and FVC values: age. but not height, was a
statistically significant predictor of flow rates and closing volume
ICV/VCL Heavy smokers (27 pack/day) bad markedly reduced
ventilatory capacity compared to other smoking groups (except
for FVC where smoking did not significantly affect lung volume!.
Lung function vaiues of exsmokers decreased at a rate in-
termediate between the heavy smoker and nonsmoker groups.
Pipe or cigar smokers resembled nonsmokers for FEV, FEFso, and
FEF7s, but resembled exsmokers for FEF25.7s and closing volume
(ICV/VQ). Except for CV/VC, the least reduction of ventilatory
capacity was observed in the light smoker (<1 pack/day) group.
All smokers had similar functional reductions of CV/VC with in-
creasing age. Current smoking behavior showed a better
correlation with pulmonary function than did pack-years of
smoking, and for this reason regressions based on current smoking
categories were used in calculating predicted lung function values.

Table 5 summarizes the prevalence of impaired lung function as
related to age and smoking Except for FVC and CV/VC.
pulmonary function impairment (see Table 5 for definitions) con-
sistently increased with age; and for all parameters consistently in-
creased with increased smoking. Impatrment rates for FEF2s.7s,
FEFso/FVC and CVA/C were significantly higher for smokers than
nonsmoking categories; the smaller number of pipe or cigar
smokers preciuded them from achieving statistically significant dif-
ferences. Age and smoking were then analyzed simultaneously.
Regressions of pulmonary function with age (Figs 1-6) suggested
that after about age 40, smokers of 21 pack/day clearly had lower
lung function values than the other categories of smokers. As there
was little difference in prevalence of impairment among ex-
smokers. nonsmokers and pipe or cigar smoker categories, they
were combined into a nonsmoker category, divided into age
groups above and below 40 years of age, and compared with
cigarette smokers. Smokers and nonsmokers in the younger age
group had similar rates of lung function impairment. Smokers over

*=1 masing
t=3 missing

£9881 74N



URL 13864

dussau f=4
fustw [ =,

() Wi
LR

- ady
[

(v £ °Z sy
iDmaanpny
ey .
) wnmag
2 p e
7 mm | e

am  suonienba  aamidipaly paquIs3IP  Apsnoiaaxd  sauuew
3yl U1 pASNIPE a18m sajqelien Supows pue ySiay ‘aly ‘pazieur
uayl sem uonduny unj uo ansodxa JO UOHEBINE JO 1>ayd By
SAWANXS ISAY) UIBMISQ $31BJ Judwiledun pey
Alle1ousl sauoBaied qol Jaio ay) 1SIMO| YL SIRIoOM [BDIWSYD
Asejes quaunedun 1sayfiy syl aAey 01 Papud) SIMUOM [BIIWIBYD
13un04 "qol 3us1N2 AQ uonaun) Azeuowind pasredus jo aduajeaasd
3yl sazewwns g 3jqe] ‘sdnosd gol Jusund (jB Ul swes ay) sem
pa121pa:d Juadiad uesw AG painseawl se uolduny 8un| auyasey
‘uopendod (j2101) piepurls ayl Jo uonnguisp Juouss ay) Juisn

‘upjows 4 Uoumndeg |Bo) W1 TAJ4 s0j TWOpENbI uONdPIG — T My

(<] $8 . S RE. g 0, [T T S
\i] Y0 ANad ¢20°0- 9¢d7C- Ly AwEy3 o mdyg Bz
(TR Y 3] 260" 0+ 650°0- 1y 1- hp/aowd 1a
(TR ) i 0%0°0- 09 T- v dap/xomd |
9t 7560 Pl 2200~ w1 dmpyaces 1, 272
Te D 6600+ §€0°u- LN U= 062 easmows 1ty
i 0 6900 ££0°0- sz " iowry (€72

ni - © 2800+ 6700~ AN OB Loy
voTE O SRR W"’“‘T WeHW 3 o
Anpsaamd 1< N 1 .
. <
\
N et
Y
\
w0 I
N
N N (X4
s 3 x \r b 6z
.
- 5 N e
EAN L R N\
\ « A AN 1
Avpyyaed . -\ * ,\' N
¢
Y x \, N
\ ¥ N e
N, xS \
N LY AN e
N \
N SN ‘\‘ N L3
. N
NS N I3

\ oy
\X'\. \\ ty
T W

3, 1

xﬁ; =y

¥, wieury
ki g

AN

pasnipe  Apdonp 2m  sHEs  juswnedwl  paIsNipE-3unows
‘ueaw ayl Sunenojed pue ‘41083102 Bunjows ayeudosdde ay) woy
paalap sanjea paiaipasd Ag sanjea uonsuny Areucwind [enpiaipul
Suipialp Ag paieinojed sem dnoid gol yoea soy uonduny Aleuow)nd
jua>J3d ueaw 'a:ns0dXa jrUONEAND0 Jo aruetiodun ay Buissasse
ur Suyows pue ydiay "a8e Jo s138y8 duipunojuod apn|daid o)
(@8 Aup je si»owsuou uey) aySiy wuswsedwn o sate)
pey ssaxows pjo pue uno yog) JA/AD pue (Bunows 1o 38e Ag
pa12aye Jou sem jualledwny DAY JO} PIAIBSqO JOU sBM Buiyows
pue age Jo 10340 MNBIBUAS v "S1RdIBIUNGD BunjoWwsuCu NBY) O
pasedwod wawnedw: paseanu Ajjuesiyiudis pey ale Jo siesA gy

Buyows Aq woendog (€101 Ul JA4 S0 SONENDI UCINPeN — Y D1y

ry
2 2. L.

—p SE . 05 53 oy €

32 .70 (BT O £20°0- 8871~ s AMita g0 wdyy
590 ueto IO £23°0- 0$9C- 9w dep/uwd ta
0L Bt 910+ 5200~ 698 3 vl Aop/rome g
< etrp e t10°0- 8992 18 Ampiuzed 1>
] 15100 (290~ 94 1- 06T  (UTW) Sisxomg
[ad w620 67170 "l 0. A el v {SW1) iemowwry
. ®l0 [T ad 2200~ Wi'gs 201 {3K) BIewomwnoy
o e TERGOUT 4T TOYTEN] Teieak mS¥E ., i 5
i T e o TYTeN]  Teaea: R R
Q a [
Avpraand 1.
eraved 1. - oe
Aopraand pa -~
~ Ty
-~
53w
W \} e -~ -~ 2
RSt ~
An . o~ ~ ~
praavd [ — "~ ey
= T Iy S~
"'\-Q ~ ”e
:\' = -~ S~
A S o
Ran TN e




1.0

eura/nec 4

"~ 2 packiduy

1 sarkidav

i packiday

a Inteccepr b lage in yessy)  5.E.L [}
Nonmmokars 108 5,888 -0.041 i au
Txemokare [ +.901 -0.048 L «0
Smokers 290 2,101 -0.039 13 “a
L pach/day 3] 677 -0.0% Lo l
L puck/day 143 7497 -0.06¢ 13 s
1 packiday a6 7.355 0.0 18 58
Plpe ar Clgar a1 .12 -0.051 1.42 we

b

3

e 20 f n 3 40 5] 50 B [

Licernsoee.
*.

D
cof N
4
of N2 N
\'t \\\
A
5.4 .
AN ‘\\
3.4
<« -
3.2 N bl \\
NN <
5.0 N w N .
N
] \ \ = \
~« "
.4 \ N
4.4 \ \- N « N .
.2 \ \ ~ ~N .
. NS N
. -
; J NN %
. En
\ <1 parkidav
2.6 N \
N
3.4 \ ‘\
3.2) N \
3.9 N A\
\
1.y
AN \1 pack/day
1.9 \
2.4 N
2.4 el pachiday
. s latercept b_(age in years) 5.1, 3
Nosmmchar 108 712 -0.04d 167 s
2.0r gummokers 8 7.1 -0.057 1.87 a0
A} wmokurs %0 1.241 -0.170 + 6.073 ihc.} 213 54
<1 pack/day 8 6380 ~0.038 1% 2
1 pack/day 143 8.088 ~0.088 r.22 .37
*1 pack/day o 7,304 ~0.085 1.82 50
Pipu Of cigar L2 .95 0. Peh 2.2% 32
25 1 15 a9 4330 35 3
Aps

5881 14N

A, Sowirs

timpared Puimonary Function=

1

FEY./FVC < D75

FYC/0.148 (height) - 0.025 lage) - 4241 « 0.80 (om Reference 31)

FEF25-75/0.040 (haight) - 0050 (age) + 4139 < 0.75 (lrom this popuiation)
FEFSO/FYE < 056

FEF1S/FYC < 0.30

CVAYC/D562 + 0357 (age) > B.ID above pradicted (om Relerence 34)

=1 missing. 2=2 missing: 3=13 missing; 4=4 mussing; 5=5 misswg; 6=6 missing




Utars/pac n lecercepe b_tage in years) sre. [
Ronemoner (5] 108 3372 ~0.03% 0336 o
txamckar (ExS) an  1.298 -0.042 6.2% “ue
Seokeva [11) 290  1.80% -0.088 £ I
“L pach/duy L3 1649 -0.043 £.35 70
1 packfday 41 4023 -2.059 0.629 7%
1 paculday 86 1713 0,088 ©.252 .80
Five or cigar &7 1.926 -0.029 ©3n 7

3.2
18] N\
X
TR
i\:\\.
SN
1.0 \\{:\- ~
XN,
\ = ~.
1.8 ~, ~
. .
~
NG :\ - \
L2 NS xS
\\\_ S ~.
=
\\‘- =, e
0.8 “ \.‘
N \\ :':gd pack/dav
0.4 N
\\ 1 pack/day
1 puckiday
i EL1 £ 4 i [ 30 55 sa
Aus {reara)

Fig 5. — Prediction Equations for FEF?s in Total Population by Smoking.

calculated using length of work in years as the independent vari-
able, i.e.. predicted pulmonary function = % predicted + %
change in pulmonary function/year spent in exposure category.
Table 7 summarizes regression for which a significant change oc-
curred. For exposure category 1 (rubber only, chemical only,
plastics only}, rubber workers observed a significant decrease of
-0.8%/year in FEFss, plastics workers a decrease of -1%/year. All
other significant changes were increases in lung function.
Health-related selective migration of workers is a potential
source of bias in a cross-sectional study. In an attempt to take ac-
count of this, the effects of working in rubber and chemical, rub-
ber and plastics, c!.emical and plastics, rubber, chemical, and
plastics, or any one alone, were examined by analysis of
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Fig 6. — Prediction Equations for Clasing Voluma/Vital Capacity (CV/VC) in Total

Population by Smoking.

covariance (Table 7). By backwards elimination method. exposure
variables not statistically significant (p > 0.05! were sequentially re-
moved until only the most significant exposure variables remained
in the mode!l. The analysis was done first on the total population
{Na. 2), then on the mixed exposure group (No. 3} and finally on
the combination of categories within the mixed exposure group
Nos. 4-6). For the total population, working in chemicals was as-
sociated with increased FEV, FEF2s.7s, FEF2s, and FEFso. The only re-
ductions in ventilatory capacity were observed in FEFss, a highly
significant reduction associated with rubber. and increased
Cv/VC, a functional decrease associated with plastics. The
analysis of the mixed exposure groups (exposure categories 3-6)
tended to support the results observed in the total population.

* Definition of impawed PF 10 Table 5
1=1 missng
2=2 msssng
6=6 mssing
9=9 missing
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“ Exposure Category
1 =Rubber Only, PYC Only. Chemicai (H & 5) Only.
Z=Tolal Population (Rubber. Chemical, PVC)

3 =Mixed Exposure (Rubber & Chemscal; Plastics & Chemwcal; Rubber & Plastics; Rubher, Chemical & Plastics}

4 =Rubbes & Plastics (N==52)
5 =Rutbes & Chemical W= 86)
6= Rubber, Chemical & Plastics (N=61)

Work in the chemical plant was associated primarily with in-
creased flow measured over mid vital capacity. Work in plastics
was associated with functional reductions of from 04 to
1.2%/year in CV/VC. The most consistent and greatest changes
were redictions of from -0.7 to 2.3%/year in expired flow rates at
low lung volumes (FEF7s), associated with work in rubber.

Table 8 summarizes the relation of pulmonary function and
cumulative exposure to vinyl chloride isee Table 8 for definition of
CES-cumulative exposure score). Increasing exposure to VC in all
workers ever exposed to VC was not associated with any signifi-
cant reduction in puimonary function. The general tendency was
for puimonary function to improve with increasing exposure. Only
reductions in FVC approached statistical significance. Dividing the
group into those with current VC exposure, and those that
worked in chemical or plastics in the past (former chemical) and
repeating the analysis produced the same results.

The relation between respiratory symptoms and baseline
pulmonary function is summarized in Fig 7. All respiratory symp-
toms were significantly associated with reduction in expiratory
flow (FEF2s.7s, FEF25). Cough, phiegm, and persistent cough and
phlegm were significantly associated with reductions in FEFso.
Those with cough 2. phlegm 2 and persistent cough and phlegm
had reduced percent predicted CV/VC. Reduced FEF7s was asso-
ciated with symptoms of cough and persistent cough and phlegm.

In addition to baseline pulmonary function, 56 workers were

tested before work and again after work. Since the workers were
also taking physical exams, actual working time averaged about 4-
hours. As there were about twice as many smokers (82%) among
chemical workers as plastics (36%) and rubber (41%) workers,
acute effects were compared in cigarette smokers and all others
combined (nonsmokers). Current smokers observed significant

" CES = cumulstive 2xposure score. All jobe in the chemical plant were rated for YC exposure a3
high (TWA = appraximately 250 pomt, madum (TWA agpraomately 35 pom), and low (THA
wpproxumately 25 poml. CES was calcuisted by muitiplyng months worked times 2 reistee
exposure rating (high = L0, medium = 3. low == 1) for thet job. and sumwning over ail jobs.
Range =0 - 2877 sxposure-months.
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Fig 7. — Parcent Predicted Pulmonary Function in Workers With and Without
Respiratory Symptoms Adjusted by Age, Height and Smoking.

reductions in both flows and volumes. Nonsmokers observed in-
creases in FVC and peak flow, but other lung function parameters
decreased, significant only for FEFso (Table 9). Smokers in all job
groups had reductions in ventilatory capacity, the greatest decre-
ment occurring in flows at low fung volumes. The reductians were
of the same order of magnitude for ail three exposure groups, but
were significant only for viny! chioride and rubber workers. Except
for reductions over the shift of FEFso and FEFss in nonsmoking rub-
ber workers, ventilatory capacity of nonsmokers did not change
significantly from zeto.

Discussion

This study was stimulated by the finding of an increased incr-
dence of liver angiosarcoma in viny! chloride (VC) workers. Experi-
mental studies, case histories, and epidemiologic studies all
suggest VC acts as a lung irritant. This literature is briefly sum-
marized.

Patty, Yant and Waite® exposed guinea pigs for 30 minutes to
10-40% VC. The principle gross pathological effect was
congestion and edema of the lungs. and hypetemia of the kidneys
and iungs. Exposure to 10% VC resulted in slight signs of lung
hyperemia while hemorrhages. edema, and severe damage to the
tracheal epithelium were observed at the higher concentrations in
animats dying from the mitial exposure. Pulmonary congestion was

present after two weeks in surviving animals. Lower exposures for-

longer time periods (50-500 ppm for six months) resulted in no

change in lung weight in rats, guinea pigs. rabbits and dogs. Expo--

sures at concentrations greater than 100 ppm produced reversible
liver injury in the more sensitive species.” Lester, et al.? exposed
rats ta 20,000 ppm (2% VC) for three months, and 50,000 ppm
(5% VC) for 19 days. They observed increases in liver weight and
decreases in white blood cells, but concluded that the observed

uht-n-uu-!au'ﬂb
: “ nﬂﬁ

‘p= <005
**p= % 0025
"'n::‘ Dm

ereen e ¢ 0005

NS = nonemoker, exsmoker. pipe o Cigal Smoker

85 = smoker

T = A positive sign indicatas a decresss in pawiormance as the after work CV/VC ratio is lerger then the balors work CY¥AVC atio

“Maen % changs =

after work PF - belora work PF . mean PF =~ after + betore
mesn PF 2
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lung edema and congestion could not be attributed to the irritat-
ing effects of VC, and the pneumonia observed was probably due
to secandary infection. Keubler' exposed rats, mice, and guinea
pigs to 5.000, 15.000 and 25.000 ppm VC for 2-hours a day for 100
days without observing any histological damage. In a report of a
case of VC gassing in a plant in Great Britain. a worker washing out
a polymerization vessel with water collapsed and was given artifi-
cial respiratory. Subsequent symptoms included chest tightness.'

Bovtsov® reports iwithout giving the number of species or
animals. length ar amaount of exposurel that inhalation and intra-
tracheal administration of PVC resin produced a “development ot
peribronchitis in the lungs” and local thickening of interalveolar
septa. Twa studies of PVC workers in Russia and Germany con-
clude that the respiratory system was affected.'" ' A “consider-
able number” of 96 PVC workers in Russia had a “changed bron-
chovascular pattern and increased pulmonary ventilation at
rest”."? Eight of thirteen German PVC workers employed for 1.75
to 18 years showed partial pulmonary insufficiency with signs of
predominantly restrictive changes of the lungs.’? This atter finding
is in agreement with the case described by Szende, et al.”’ A 31
year old male had shoveled PVC dust in a drafty place for 1-year
prior to being examined for severe dyspnea. The possibility of
pneumoconiosis elicited by inhalation of PVC resin was suggested.

There are a number of problems with the experimental studies
of animals. Only at very high VC concentrations are effects ob-
served, and these are anatomical changes from gross pathalogy or
histology. More sensitive functional measurements at lower, more
realistic. VC exposure concentrations have not been reported.
The foreign studies are only suggestive, and do not provide
enough information ta evaluate.

There is only one reported epidemiologic study of VC and PVC
workers in the U.S."* Cough and sputum production for most of 1-
year or more clinical signs of emphysema were reported in 31% of
the 348 currently and previously employed VC and PVC workers.
Smokers and nonsmokers over 40 years of age had similar rates of
flow impairment. In the age group under 40 however, smokers had
about twice the prevaience of flow impairment as nonsmokers.
The higher prevalence of flow impairment in smokers compared
to nonsmokers converged slightly with increasing duration of
exposure; nonsmokers and smokers with more than 20 vears
exposure had the same prevalence of flow impairment The
authors conclude that the etiologic agents producing the reduced
air flaw in workers over 40 vears of age or with > 20 years expo-
sure is unclear but is not due to smoking. Exposure was to VC
manomer, PVC resin dust, and pollution in a heavily industrialized
city.

The effect of smaking on respiratory symptoms has become
common knowledge following the report of the Surgeon General
on the Health Consequences of Smoking (1964 and its sub-
sequent supplements.'” The resuits of this study confirm these re-
ports, with the possible exception that light smokers
{ <« 1pack/day) in this study resembled exsmokers more than
heavier smokers [ 21 pack/day). Pipe or cigar smokers have been
less studied, although it has been suggested that pipe smokers are
to be distinguished from cigar smokers.’® Because of small num-’
bers this has not always been done, and in this study these

smokers were combined. They generally resembled light smoakers”

and exsmokers in both symptoms and lung function.
The effects of smoking an symptoms have generally shown
cough and phlegm to be higher in smokers, with prevalence relat-
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ed to the amount of smoking. a relationship supported by this
study. Breathlessness, while generally higher in smokers, is often
not related to the amount of smoking. This is hypothesized as due
to selective reduction of smoking in those developing symptoms
of breathlessness, a more severe and disabling condition than
“smokers cough”."® Although movement of less fit heavy smokers
into lighter smoking or nonsmoking categories seems a plausible
explanation, selection does not appear to be a strong factor in this
population as there was a high prevalence of breathlessness cn the
heavy smoker categary.

A trend for breathlessness to increase with increasing age is
commonly observed,*® and was apparent in this study. The associ-
ation of cough and phlegm with increasing age has not been as
cansistent. Some studies report an increase with age;™® ¥ others
fincluding this study} find little tendency for cough and phlegm to
increase with age.'®

Two studies in West Virginia have observed an association be-
tween educational level and prevalence of respiratory symptoms
and ventifatory lung function capacity. with the Jower prevaience
of symptoms partly attributed to fewer smokers in the higher
educational categories.?? 23 Stebbings?” in 469 white male non-
smokers found no effect of social class (based on occupation,
education, and income) on most respiratory symptoms; only
dyspnea was significantly less common in the upper social class.
Lower pulmonary function was also associated with lower socio-
economic status in these nonsmoking males.2” Salaried chemical
workers in this study resemble the upper social class in that they
smoke less than hourly workers, and are probably more educated.
Exposure to VC and PVC resin is generally less than that of the
hourly workers. It is not known from this study whether social
class, exposure, smoking, or some combination of these factors
can explain the lower symptom rates of salaried chemical workers
when compared to hourly workers. The same argument applies to
the slightly better pulmonary function of salaried chemical
workers compared to hourly workers. Among hourly workers, no
consistent or convincing differences in respiratory symptoms or
function were observed.

When workers were divided into exposure categories of work-
ing only in plastics or chemicals, the respiratory symptom rate was
reduced considerably. Workers with more job mobility were less
healthy in the sensé that they reported more symptoms. This
could be due to ~ greater susceptibility, to having a more unfavor-
able job experience in terms of exposure, to self-propelled move-
ment to less symptom producing jobs, or some combination of
these factors. Although the reasons are unknown, the fact remains
that the less mabile "pure” exposure groups had lower symptom
rates than control rubber workers, maintenance, and the mixed
exposure workers.

Are the symptom rates observed in this population comparable
to those in other populations? Table 10 compares the prevalence
of respiratory symptoms in this study with other studies. There is
considerable variation between reported symptoms in the various
populations. The workers in this study compare favorably except
for perhaps breathlessness.

The effects of age and smoking on pulmonary function ob-
served in this population are comparable to other reported
studies. There were no significant statistical differences in the in-
tercepts of the smoking regression equations. Heavier smokers in
this cross-sectional analysis had significantly greater reductions of
FEV, FEF2s.75, FEFso, and FEF7s with increasing age. Two points are
of interest with regard to the effect of smoking. Before the age of
40, smoking had no apparent effect on pulmonary function.

Secondly, light smokers were obviously less affected than moder-
ate and heavy smokers. In the analysis of smoking, one should ex-
amine this dose response relation, and not arbitrarily lump to-
gether all smokers.

Careful consideration of possible smoking-exposure interactions
is also required. For example, in a group of workers exposed to
asbestos dust, smokers reported worse fung function than non-
smokers when a single regression was used for height and age ad-
justment.?® The inference was that smoking increased the effect of
dust exposure. Using only a single regression equation for stan-
dardization is misleading however. as smokers pulmonary function
decreases more rapidly than exsmokers and nonsmokers. Rossiter
and Weil*® point out that an apparent synergism between dust
and age may instead be a smoking-age interaction. When separate
regression equations were used for standardization, i.e., one each
for nonsmokers, exsmokers, and smokers, they observed no dif-
ference in pulmonary function related to dust exposure. In fact,
the asbestos dust exposure had a more detrimental effect on non-
smokers than smokers. We know there was a smoking-age inter-
action in this study. Since we are primarily interested in the effect
of VC exposure on pulmonary function, age and smoking ad-
justments were made using the regression equations of the various
smoking categories (Figs 1-6). As there was no difference in

pulmonary function between current job categories, and no non- -

exposed group of workers was available, the regression equations
used for standardization were derived from the smoking cate-
gories of the total population.

After standardization, increasing duration of exposure in chemi-
cals, plastics, and rubber was not associated with large changes in
pulmonary function. Reductions in FEF7s, the most sensitive mea-
sure of small airways obstruction, was consistently and significant-
ly associated with working in rubber; less significant reductions in
FEF7s were associated with hourly chemical and plastics workers,
and FVC in hourly chemical workers. Other pulmonary function
parameters generally remained the same or improved with in-
creasing duration in chemicals or plastics, and with increasing
cumulative VC exposure. The reported case of pneumoconiosis
on exposure to PVC resin! is suggestive that high exposure to
PVC resin may result in a restrictive type of respiratory disease.
Baggers in the chemical plant are exposed to from 1-5 mg/m’ of
particulate (measured by area Hi-volume samplers); respiratory
particulate is 1/10 to 1/20 these levels. Exposure to the PVC resin
in plastics appears higher for Banbury operators but lower for
workers in milling, and negligible for other plastics workers. The
low prevalence of FVC impairment in both chemical and plastics
workers does not support the hypothesis of PVC resin exposure
producing volume restriction.

What difference is there between the waorkers in this study and
those reported on by Miller, et al? Pulmonary function impairment
for FEV/FVC, FVC, and FEF7s/FVC in this study employed the same
definition as Miller, et al.™* in their study of VC-PVC workers. The
prevalence of impairment for FEF2s.7s, using the same criteria, was
essentially zero, and thus far below the 53% they observed. The
cutoffs for impaired flow as measured by FEFso/FVC and FEF7s/FVC
tave been shown to be reasonably effective in distinguishing nor-
mal subjects from those with obstructive lung disease.?? The high-
est prevalence lalmost 50%) of impairment was for FEF7s/FVC and
supports the observed association of reduced FEFrs with increas-
ing duration of work. All VC-PVC nonsmokers less than 40 years
of age, and all workers in this study less than 40 years of age, had
about a 20% prevalence of impaicment for FEV/FVC and
FEFzs/FVC. The prevalence of impairment increased for non-
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smokers over 40 in both populations, but more so in the Miller
study. The rates of flow impairment in both studies are the same
for smokers over 40. In both studies the prevalence of impaired
FVC 1< 10%) is considerably lower for flow impairment (18-75%)
and much lower than expected from exposure to asbestos.™

The association of increased pulmonary function performance
with increasing exposure and wark duration. particularly in chemi-
cals, suggests that selection is occurring in this population. The
reason for the lack of association between VC exposure and
respiratory effects may be due to differential migration of more
susceptible workers out of chemicals. Note that the mixed expa-
sure group reported a higher symptom rate than chemical and rub-
ber workers who had never moved. The current plastics worker
had symptom rates comparable to or higher than this mixed expo-
sure group, suggesting that net migration of "susceptibies” may
have been into plastics. The association of small airways ob-
struction with exposure may be more informative than symptoms
because (1) small airways may be more sensitive to the effects of
environmental agents; and (2) small airways obstruction 15
probably not noticed by the individual to the same extent as
symptoms and FEV reductions, and would therefare not be af-
fected as much by selective migration.

Several conclusions emerge concerning factors that affect base-
line pulmonary function in this population: (1) age and smaoking
were the two most important factors reducing pulmonary func-
tion; smoking was associated with obstruction only (no significant
effect on FVC). (2).small airways function as measured by FEfs
was affected by both smoking and work exposure. primarily rub-
ber worker exposure. (3) work, whether measured by duration or
estimated cumulative exposure to VC and after adjustment for
smoking effects, was not associated with reduced baseline
pulmonary function {except for FEFzs). {4) although prevalence
rates of impairment are not often reported, the air flow im-
pairment (FEV/FVC, FEF7s), rates appeared elevated only in the
older smoker.

Respiratory symptoms and, measurement of pulmonary function
are two somewhat independent and yet overlapping methods for
investigating the nsk of environmental exposures to the respira-
tory system. Symptomatology suffers from the disadvantage of be-
ing subjective, can show interobserver variation, and requires
adequate recall on the part of the person being interviewed:
symptomatology is useful in diagnosis, particularly chronic bron-
chitis. Independent validation of symptoms in practice turns out
to be pulmonary function measures, despite the fact that different,
albeit overlapping, parameters are being measured. The observed
association of reduced pulmonary function with increasing
severity of symptoms increased the validity of respiratory symp-
tom information. The conclusion that VC exposure did not consti-
tute a significant respiratory hazard in this population was
strengthened by similar resuits for both symptoms and pulmonary
function.

While one methodologic strength of this present study is the
ability to make internal comparisons between work groups, it
must be stressed that none of the groups can be regarded as hav-
ing worked in hazard-free conditions. Both rubber and plastics
workers are exposed to varied levels of dust and fume, and it
could be that reduction in lung function among chemicals workers
twhether due to vinyl chioride exposure, or to some other agent)
are being obscured because of similar reductions in the other job
groups. The results of FEF7s/FVC impairment (pertaining to that
part of the respiratory tract thought to be first affected by harmful
exposure — the small bronchiales) suggest increased abnormality

rates in afl workers. Indeed, for several of the pulmonary function
tests the chemical workers had better results than rubber and
plastics warkers. To assess the potential respiratary hazard of each
exposure category. before-and-after shift tests were carried out on
some workers. Any reduction in respiratory function over the shift
suggests the likelihaod of some harmful exposure in the working
environment.**

Smokers overall had statistically significant reductions for all
ventilatory tests; nonsmokers showed little reduction. The most
obvious reductions were flow rates at low lung volumes, 1e., mea-
sures of small airways performance. Chemical workers who were
smokers had significant reductions for five of the seven tests. pre-
dominantly reflecting small airways obstructive change: both
plastics and rubber workers who smoked showed reductions of
simifar magnitude. Mo clear picture emerges suggesting one job
group faced greater daily respiratory insult than the others. Re-
duction in small airways performance among nonsmokers in each
job group suggests that all workers were exposed to agents with
adverse respiratory effects. In a clean environment the average re-
sult for these nonsmokers would have been a slight increase in test
performance. Whether these acute reversible changes have any
permanent effect is not knawn. The significance of these findings
is unclear. The small airways obstruction associated with work in
the rubber division, i.e., the control group, could be related to a
number of environmental agents. The complexity of the industry

and the heterogeneity of the control group does not aliow for
determining the etiologic agents. The rubber worker group was _

selected on the basis of lower particulate exposure and never hav-
ing worked in chemical or plastics. But they could have, and
probably did, work in other jobs with higher exposures within the
rubber division. A complete work history for each rubber worker
would be required to investigate further the association of re-
duced smal! airways function with work in rubber.

Fundamental and more difficult questions remain. What is the
biological significance of acute reversible reductions in small air-
ways function over a shift? What is the biological significance of
statistically significant reductions in baseline pulmonary function
over a longer time period? For FEF7s, the reduction is on the order
of -1%/year. Over a 40 year period, this would amount to a 40%
decrease. However, some individuals have a reversible change of
40% in the course of a day. The association of working in rubber
with a downward slope of the percent predicted FEFss is a finding
that requires further investigation of workers in other areas of the
rubber plant, an investigation currently underway.

The authors thank Mike Symons for advise on statistical matters, NIOSH industnal
hygienists tor assistance in deriving the VC exposure source. Mary lane Thomas far
manuscript preparation. and union and company offscials for their assistance i the
project.
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