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Mc')rtalit/)//-A"mong Employees

of (PVC Fabricators

Leonard Chiazze, Jr., Sc.

A cross-sectional mortality study of 4,341 deaths occurring
among current and former pmployees of 17 PVC fabricators
during 1964-1973 is presentdd. The objectives are: (1} to iden-
tify any angiosarcama deaths among the employees of these
fabricators, and (2} to exanjine the distribution of deaths by
cause. No angiosarcoma degths were found among the study
group. Sex-race-cause-specific Proportionate Mortality Ratios
{PMR’s) were computed, uging the corresponding U.S. mor-
tality as the standard. Among white employees, there appears
to be an excess in total cafcer mortality, particularly that of
the digestive system. Observed deaths were found to exceed
the expected in cancers gf the breast and urinary organs
among white females. Ddficit mortality was observed in
cirrhosis of liver among Hoth male and female white em-
ployees. i

The lanuary 1974 disclgsure of three deaths from angio-
sarcoma of the liver in a single vinyl chioride polymerization plant
and the attention focused op this new occupational disease are

well known. A significant anj
perimentation and observatig
tion of vinyl chloride followsé
tion regarding the possible a
in polyvinyl chloride PVQ) {

ount of information from animal ex-
n on humans engaged in the produc-
d.’ However, there was no informa-
verse effects on employees engaged
brication, where potential exposures

were thought to be low and [to result from the release of unreact-
ed monomer trapped in the resin. This issue was considered of
great import because of the gery large number of workers believed
to be engaged in fabricatign.

In March 1974, represenftatives of PVC producers, who are
members of the Organizatign Resources Counselors (ORC), Oc-

cupational Safety and MHeal
about the feasibility of a stu
ing with vinyl chloride and

h Standards Group, contacted ORC
Hy of health risks to employees work-
potyvinyl chioride. Since the National

Institute for Occupational Jafety and Health (INIOSH) was con-

ducting a study of vinyt chi

pride and resin producing employees,

the scope of the proposed (RC study was limited to employees of
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companies engaged in the fabrication of PVC resin into finished
products. A number of alternative swdy designs was considered,
and it was decided that a proportional mortality study would best
meet the urgent need for information. The study concentrated on
deaths occurring during the ten-year period 1964-1973 among ac-
tive fabricating employees plus retirees. Since it was not possible
to identify those employees with only vinyl chloride exposure, the
study focused on deceased employees who worked anywhere in
those plants where PVC fabrication was carried on. The primary
objective of the study was to determine whether or not any angio-
sarcoma deaths had occutred among employees of the fabricators
under study. A secondary objective was to examine the distribu-
tion of all deaths by cause.

The relatively few producers of vinyl chloride monomer and of
PVC resin are generally medium to large companies. PVC fabri-
cators, however, range from large plants of major companies to
very small job shops. Even in a large plant, there may be few em-
ployees who are in the vicinity of PVC resins. The range of com-
pany plant size and number of exposed employees help to explain
the wide range of estimates of totat employment dependent upon
PVC resins. Fabrication is geographically disbursed, with at least
some operation in almost every state. Typical fabrication products
include coated wire. upholstery fabrics, floor and wall coverings,
pipe and other construction materials, toys, recreational equip-
ment, phonograph records, containers and container lining, and a
myriad of novelty items. Since the fabrication of PVC resin into
finished products is often a part of diversified product lines in a
plant, raw materials other than resin are utilized. Thus, employees
may be exposed to toxic agents other than vinyl chioride. Conse-
quently, in the current study, it is not possible to isolate only the
effect of vinyl chioride. Some departures from expectation may be
due to exposures to vinyi chloride, to one or more other agents. to
some combination, or to employee characteristics other than
occupation.

Materials and Methods

" The decision to focus on a cross-sectional mortality study
rather than on an historical cohort study derived from several con-
siderations. First, the primary study objective was to determine
relatively quickly whether or not any angiosarcoma deaths could
be identified among the study group, and this was best ac-
complished by examining causes of death among relatively recent
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fi.e.. past ten years! decadents. The desirability of identifying an
historical cohort for follov-up was recognized. but it was deter-
mined that it would not pe possible to identify clearly and com-
pletely the necessary cohbrt of workers within a reasonable period
of ume, if at all. As a contequence, this study is based upon 4.341
deaths which occurred [during the period 1964-1973 among
current or former employvees of 17 companies engaged in PVC
fabrication. A total of 33 plants supplied data on all identifiable
deaths since. as was menlioned earlier, it was not possible to iden-
tify those emplovees with only viny! chloride exposure for the
study.

in order to be includeql in this study, a deceased employee fell
into one of the fallowing categories: (1! employee died while ac-
tively employed. (2} employee died after retiring from the com-
pany with retirement bgnefits, and (3) employee died after ter-
minating employment bt with vesting in a company-sponsored
life insurance plan. Deaths occurring among former employees
with less than the numbér of years necessary for insurance vesting
were not included in plant records and were. therefore, not
available for this study,

An attempt was made to compensate for at least some of the

""feakage” due to emplo
they were vested in any

ees leaving the industry prior to the time
insurance program by using the fallowing

procedures. Once deatH records for a given company were iden-
tified, death certificates| were obtained and separated into two

groups as follows: (1) al
1967; ICDA 140-209 fod
up to 1967; ICDA 570-
dition mentioned on thy
causes other than can
tioning cancer or liver
death were segregated
several death records f

deaths with cancer GCDA 140-205 up to
1968 on}, or liver disease ICDA 580-586
676 for 1968 on), or suspected liver con-
b death certificate; and {2} all deaths from
er or liver disease. Death records men-
disease and giving a hospital as place of
hnd sorted by hospital. Where there were
br a single hospital or several hospitals in

the same area, arrangermients were made for a Registered Records

Administrator (RRA} to
contact the hospital pa

isit the hospitals, review medical records,
hologist and review pathology records to

determine whether thgre were any angiosarcoma cases in the
hospital’s pathology regords. If so, an attempt was made to deter-

mine whether or not tf
to vinyl chloride expaos
whether any employee
in an insurance prograr,
from angiosarcoma of
turned up five deaths f1
company employment
in PVC fabricating pla
NIOSH, and CDC for
survey.

Death certificates nd
required an additional

e angiosarcoma possibly could be related
bre. This procedure enabled us to identify
, who had left the industry prior to vesting
h and remained in the local area, had died
the liver. The hospital inquiry procedures
om angiosarcoma of the liver; according to
records, none were employed at any time
ts. These deaths .were reported to QSHA.
nclusion in the nationwide angiosarcoma

t mentioning a hospital as a place of death
step to determine whether death occurred

in a hospital or if a rgcent hospitalization had occurred prior to

death. The certifying|
formation on fecent h
there was any indicati
Additionally identifieg

tained from life insura

physician was queried by mail for in-

hspitalization of the decedent and whether
n that he or she had cancer or liver disease.
haspitals were contacted as above.

Originally, it was prnned that death certificates would be ob-

life insurance records
tices and retrieval pro

ce carriers. In practice, both company and
vere used because of record retention prac-
blems in the insurance carriers. All available

death certificates werg examined by a trained nosologist for men-

tion of angiosarcoma
—sarcomas were found

anywhere on the certificate, and no angio-
on the death certificates. Underlying cause

of death was classified according to the eighth revision of the In-
ternational Classification of Diseases.’

Over the ten-vear period under study. plant size was found to
have changed drastically in many cases. In one instance. a plant
employing 300 employees in 1973 employed fewer than 10 in
1964. At the other extreme, one, plant employing 3.000 people in
1964 had only 2,000 in 1973. Some companies had gone out of
business. Such developments show not only the rapid changes
taking place but also the difficuity of determining average industry
employment. The 17 companies covered in this report ranged
from single plant, small companies one with 70 emplayees) to
multiplant large companies lone with over 7,000 employees).
Average number of emplovees clustered between 300 and 500.
Although total employment is difficult to determine precisely. it is
estimated to have been between 55,000 and 70,000 at the end of
1973. )

Since the population at risk could not be determined; mortality
rates as measures of risk could not be calculated. Rather. resuits
were summarized in terms of Proportionate Mortality Ratios (MR}
adjusted for the age distribution of the study group. The PMR uses
relative frequencies of specific causes of death by age in a com-
parison population to obtain expected numbers of deaths from
that cause in the study population. Selection of an appropriate
comparison population poses some difficulties since it would be
desirable to have a cause of death distribution for a similar group
of workers dying during the same period, but not subjected-to the
factor under study. But such a comparison population was not
available, and the study used mortality for the United States,
specific for color and sex, for comparative purposes.! Qespite
recognized deficiencies, the PMR can provide clues on unusual
distributions of causes of death where true rates cannot be
catculated. )

Results

Table 1 gives the distribution of deaths amang the employees of
the 17 PVC fabricators within each of the ten years. An increase in
the proportion of deaths taking place in later years of the decade
may reflect a variety of factors, such as an increasing employee
population, less complete availability of records for earlier years
le.g., in one company, there were no records for the first four of
the ten years), increase in duration of exposure, etc. However,
there is no reason to believe that any unavailable death records for
earlier years would be concentrated in a few causes and thereby
bias the distribution of deaths for those vears.




Table 2. — Dist ion of Deaths Among Employees of 17
PYC F. rs by Color and Sex, 1964-1973.
. Sex
Race k¢ Maje Fevale Unknown
Total . 3% 863 2
White /AP - 3208 601 0
Nomwhite 20p 180 24 0
Unknown 28% 248 38 2
_

The distribution of deaths in the study group by race and sex is
given in Table 2. Most ddaths (84.7%) occurred among males. The
vast majority (88.7%) of decedents were white and there were 288
{6.6%) for whom race coifld not be determined. Table 3 shows this
distribution of deaths by age. For both white male and white
female employees, more(than half of the deaths accurred among
those aged 65 and ovel (58.1% and 31.9% for white men and
white women, respectively). The corresponding proportions of
deaths which occurred after age 65 in the United States
population in 1968 werd 59% and 72%. respectively). The higher
proportion of deaths arfong white women over 65 in the US.
population compared td the employee population may indicate
that relatively fewer worpen work to retirement age than da men.
While the numbers of dgaths among nonwhite employees are too
small for any definite cpnclusions, the distribution of deaths by
age among nonwhite mpn is roughly comparable to that for the
total United States.

Tables 4 and 5 show the distribution of deaths for selected
causes by sex for whitps and nonwhites, respectively. Among
white men, nearly 60% ¢f the deaths are from diseases of the cir-
culatory system (ICDA 3190-458) and 20% are deaths from cancer
ICDA 140-209). The cofresponding percentages for the total U.S.
population of white malgs in 1968 {midpoint of the study period)
were 54% for diseases of the circulatory system and 16% for can-
cer. Digestive and respifatory cancers account for somewhat less
than tworthirds of all capicer deaths among the white males in the
study group as compafed to about 59% of all cancer deaths
among US. white maleq in 1968. for white women, over 46% of
the deaths are from disdases of the circulatory system {compared
to 57% for all U.S. whitewomen in 1968), and 30% were from can-
cer {compared to 18% for all US. white women in 1968).
Somewhat over half of the cancer deaths among white women in
the study were from capcers of the breast and digestive system,

about the same proportion as for all US. white women in 1968.
About two-thirds of the deaths for both nonwhite men and
women were from diseases of the circulatory system and from
cancer. The numbers of deaths for most causes among nonwhites,
however, are quite smalli making interpretation difficult and are
presented mainly for completeness.

Age-adjusted PMRs for white male and white female emplovees
of the 17 PVC fabricators are presented in Table 6 for selected
causes of death. There were no similar analyses for nonwhites
because for nearly all causes, the numbers of deaths were too
small to produce stable PMRs. Expected numbers of deaths have
been calculated on the basis of the sex-cause-age specific
distribution of deaths among U.S. whites in 1968 applied to the
total number of deaths by age among white men or white women
in the study group. The midpoint of the study period (1968} was
selected for the standard. since it is representative of the study
period and provides U.S. mortality data coded according to the
eighth revision of the International Classification of Diseases. £x-
pected numbers are deaths for individual causes to be expected
in the study group if the proportion of total deaths ascribed to a
given cause were the same as for the corresponding U.S. race-sex
group, while accounting for differences between the age
distributions of deaths in the study groups and deaths for the
United States. A PMR larger than unity would indicate that the
relative proportion of mortality from that particular cause in the
study population is higher than would be expected based on the
1968 U.S. mortality experience. Due to the nature of the data, for-
mal significance tests and interpretation in probabilistic terms are
deemed inappropriate.

In addition to the numerical value of the PMR itself, the ob-
served number of deaths is also of interest. The larger the number
of deaths observed, the more reliable the PMR. There were two
deaths of unknown age among the white males, one a digestive
cancer (ICDA 153) and one an unspecified cancer (ICDA 199).
These were included in the age groups with the lowest relative
frequency for those causes, that is, less than 35 years for total can-

~cer and digestive cancer and 65 and over for other and un-

specified cancer. Such an assignment has a trivial effect on the ex-
pectation but is the most conservative way of handling these
unknowns, since it serves to increase the expectation {and hence
lower the PMR) by the least amount.

Based upon both the number of deaths and the value of the
PMR, there seems to be an important excess in total cancer mor-
tality among the white males in the study group. The distribution
by specific cancer site suggests that any excess appears to be con-

Color, Sax

White
Maie
Female

Nomwhite
Male
Female

" Unknown
Male
Femal¢
Unknown
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liver. However, there was a suggestion that cancers of the lung
and brain also appeared with exdess frequency. The current study,

while suggesting an excess in t
cancer, does not clearly point t
the liver. lung, and brain among
these cancers are greater than

tal cancer, particularly digestive
¢ marked excesses for cancers of
kv hite men. although the PMRs for
one. The observed-to-expected

PMRs reported by Monson for vascular lesions affecting the cen-

tral nervous system, circulatory
similar to those reported here.
Tabershaw and Cafley, in a

Hiseases. and external causes are

tudy of workers engaged in the

manufacture of v.ovl chloride arid its polymers. conclude that no
specific cause of death was staffistically significantly greater than
expectations based upon Standardized Martality Ratios ‘SMRs)

using the U.S. male population
however, the authors conclude

s the standard.® By other criteria,
there may be an excess risk for

mortality from digestive cancey, respiratory cancer, cancer of

other and unspecitied sites, and

levels, they suggest some exces
and cancers of the other and

lymphomas. At [ower exposure
for cancers of the buccal cavity
unspecified sites.

The current study would seen] to indicate that excesses of mor-
tality from cancer of the digestije system are not sex-specific and

are not limited to liver cancer. T
among both white men and wh

e majority of the PMRs for cancer
te women are in excess of unity.

Such results must be interpreted with caution but, since they ap-
pear to be consistent with freviously studied workers. they

suggest the need for continue

Summary

Results of a study of 4,341 de
former employees of 17 PVC f3
1973 are presented. The stud
whether any angiosarcoma dy
ployees of these fabricators an
deaths by cause. No angiosarco
study population. Distributions
male and white female employs

i investigation.

iths occurring among current and
bricators during the period 1964-
was carried out to determine
aths had occurred among em-
d to examine the distribution of
na deaths were found among the
by cause of death among white
les were compared with those for

the entire U.S.. specific for color and sex and adjusted far age by
means of Proportionate Mortality Ratios. There appears to be an
impaortant excess in total cancer mortality among both white male
and white female employees with digestive cancer. particularly
that of the intestine. contributing to the excess. Among the
women employees, cancers of the breast and urinary organs may
also be in excess. No excesses were found for diseases of the cir-
culatory system. There were deficits in mortality from cirrhosis of
the liver among both male and female employees and a defkit in
accidents, poisonings. and violence among men. The use of the
Propartionate Mortality Ratio based on an external standard
requires caution in interpreting these results, but the need for fur-
ther investigations is indicated.

This studv was sponsored by the followsng orgamzations: American Can Companv
B. F. Goodrich Companv. Diamond Shamrack Corporation. Firestone Tire and Rubber
Company. lohns Manville, Motor Vehicle Manufactuzers Association  Stautfer
Chemical Company, Union Carbide Corporation, Uniraval, Incomorated
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r Table 4. — Distribution of|Daaths from Selected Causes Table 5. ~- Distribution of Deaths from Selected Causes Among

Amang Employees of 17 PVC Fabricgtors by Sex, Whits Only, 1964-1973. Employees of 17 PYC Fabricators by Sex, Nonwhite Only, 1964-1373.
) Mzl Female Maie Famale
. {COA 1CoA

Cause of Death Brh " Rev. No. 5 Na. ] Cause of Death Sth Rev. = No. % No. %
All Cayses S 3248 10000 601 100.00 All Causes 180 10000 24 10000
All Cancers 140209 666 2050 181 3012 All Cancers 140.20% 39 2166 3 3113
Buceal Cavity and Buccal Cavity and
Pharynx 140-149 15 045 3 0.50 Pharymx 140-149 0 0 0 8
Digestive System 150-159 209 643 53 882 Digesiive System 150-159 13 7 e A 16.67
Stomach 151 41 126 8 1.33 Stomach 151 3 157 0 0
Intestine 153 73 225 24 389 Intestine 153 2 111 1 436
Rectum 154 25 0.77 8 133 Rectum 154 1 056 Q 0
Liver 155 5 0.18 0 0 Lives 155 1 056 0 [
Respiratory System 160-163 205 6.31 12 200 Respiratory System 160-163 7 389 Q 0
Lung 162 193 594 32 200 Lung 162 7 189 0 0
Bone, Corective Bone. Connective
Tissue. Skin, Breast  170-174 24 0.74 51 849 Tissue, Skin, Breast 170174 0 0 3 1250
Breast 174 0 — 45 132 Breast 174 ] 0 3 1250
Genital Grgans 180187 44 1.35 19 316 Genital Organs 180187 4 222 ] 0
Urinary Organs 188189 % 1)1 1l 183 Urinary Organs 188-189 3 162 0 [
Brain & Other Brain & Other
Nervous System 191-492 16 0.49 [ 057 Nervous System 191-192 i 0.56 0 0
Gther & Unspecified 190, 193199 56 17z 18 3.00 Oiher & Unspecified 190, 193-199 ] 333 0 9
Lymphomas 200-203, 208209 12 129 ¢ 1.50 Lymphomas 200-203, 208-209 4 22 0 9,
Leukemias 204-207 18 058 1 017 Leukemias 204-207 2 JE TR 416,
Diabetes 250 a2 12 1 183 Diabetes 0 2 Lo s
Diseases of the ’ Dissases of the . =%
Circulatory System 390458 1931 5945 28] 4676 Circulatory System 390458 81 4500 8 #ay i
Cerebrovastular ’ Cerebrovasartar : - :
Disease 430438 289 890 66 1098 Disease 430438 - 19 105 3 1250
Cirrhosis of Liver 571 42 120 3 050 Cirhosis ot Lives 571 3 167 1 A6
Cholelithiasis, Cholefithiaszs, . o -
Cholecystitis and Cholecystitis. & : P 4
Chalangitis 574575 7 022 3 0.50 Cholangitis 574575 0 0 -0 ‘0 "
Accidents, Poisaning, Accidents, Poisoning, ) e P
and Viokence EB0G-E999 188 529 48 799 . L Violence E800£938 L) 18.33
Accidents ES00-£949 134 413 38 6.32 Accidents EBOO-EQ4S - 17 944
Suicide £950-E959 40 123 2 033 Suicide £950£959 - 2 Lil
All Other Causes - All Other Causes . . -
{Residual) 372 45 74 123 (Residuab o 2z e

centrated in digestive system dancer, given the large number of
deaths (31% of all cancer deaths). For each of the sites within the
digestive system, observed nunmpbers of deaths are greater than ex-
pected. Although, except for infestinal cancer, the observed num-
bers of deaths are small. The AMR for liver cancer is rather high,
sut a definite conclusion is difficult with only six observed deaths.
On the other hand, the PMR fpr cirrhosis of the liver suggests a
deficit in mortality from that cause.

for white women, the PMR for total cancer appears high, as it
did for white men, with canprer of the digestive system and.
perhaps, cancer of the breast contributing a fair amount to the ex-
cess. The PMRs for individual skes within the digestive system are
based upan small numbers byt suggest an increase in intestinal
cancer. The PMR for urinary cqncer, though based upon only 11
deaths, seems strikingly high arld may be an indication for further
investigation. On the other hand, in contrast to the observation in
white men, the PMR for respirafory cancer among white women is
very close to unity. Similar to the observation in white men, mor+

tality from cirrhosis of the liver seems to be in deficit, but the
corresponding observed number of deaths is quite small. Among
both white male and female employees, diseases of the circulatory
system account for a large percentage of total deaths. In each
case, observed numbers of deaths are close to expected. There
appears to be a somewhat different pattern among men and
women for deaths due to accidents, poisonings, violence with the
number of deaths somewhat low amang men and high among
women.

There were 39 cancer deaths among nonwhite men, somewhat
greater than expectation, although the numbers by site are too
small for meaningful analysis. Mortality from cerebrovascular
disease appeared high (PMR = 2.11) but the finding was based
upon only 19 deaths.

Discussion

The present study was designed with two objectives. The first
was to determine whether or not any angiosarcoma deaths had

S8L 000102497
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Table 6. -— Observed and Expected Deaths for Selscted Causes Among Employses
of 17 PYC Fabricators by Sex, White Only, 1964-1973.
Male Female
. ICDA

Cause of Death . 8th Rev. Observed Expected PMR” Olmrnd‘ Expecied PMR*
All Cancers 140-209 566 561997 1.19 181 137 699 131
Buccal Cavily and
Pharynx 140-149 15 16.875 0.89 3 1.896 1.58
Digestive System 150-15% 209 162.143 129 53 35342 1.50
Stomach 15 4] 31.507 130 3 4.981 i 6l
Intastine 153 73 52.528 1.3% 24 15.344 1.56
Rectum 154 25 19.631 1.27 8 38717 2.06
Liver 155 6 4.190 143 0 0.633 —
Respiratory Systery 160-163 205 176.657 116 12 11.888 1.00
Lung 162 193 165.566 1.17 12 11.224 1.07
Bane. Connective
Tissue. Skin. Breagt 170-174 24 15.117 155 51 35.661 143
Breast 174 0 —_— — 44 32.397 136
Genita) Drgans 180-187 44 $2.828 083 19 23.297 0.82
Urinary Organs 188-189 36 33.131 1.09 1 4537 242
Brain & Other
Nervous System 191-192 16 13885 1.1% 4 3492 1.14
Dther & Unspecifigd 190, 193-159 56 34607 162 18 9622 1.87
Lymphomas 200-203,

208-209 42 32382 1.30 9 7.631 1.18
Leukemias 204207 19 23384 0381 1 5.005 0.20
Diabetes 250 42 49,600 035 3! 15436 07t
Diseases of 1he i
Circulatory System| 390458 1931 1832515 1.05 28t 309.232 0.3t
Cerebrovascutar L
Disease 430-438 289 252074 099 56 71.965 032
Cirrhosis of Liver 571 42 52.821 .67 3 12343 Q.24
Choielithiasis,
Cholecystilis, and i L
Cholangrtis 574575 7 6.349 110 3 1.783 158
Accidents. Poisonipg, ’ ) Ce ) . )
and Violence E800-£599 183 265.548 0.7t 48 40455, . 117
Accidents £800-£949 134 189.268 0.7t 3 219340 136
Suicide £950-£959 40 52.328 076 H AT 022 -y

“PHMR is the ratio

occurred among en
Since no angiosarcof
studied, the first que
objective was that
cause among the em
is the question of
sense, unusual. The
question. Whether
death is unusual ¢l
population as well

On the basis of a
to be excesses in t
and white wome
distributions of deat]
and sex and adjuste
concentrated in can
in cancers of the in
there is a suggestiof
urinary organs amaox|
for the total US.

of observed to expected where the excected number 18 cakulated on the basis of the distridution of deaths for the tocal ¥.S. in 1988 specilic for color, sex, cause, and age.

ployees of the PVC fabricators under study.

ma deaths were found among the employees
Ltion has an unequivocal answer. A secondary

of examining the distribution of deaths by
ployees under study. Implicit in that objective

vhether or not that distribution is, in some

re is no unequivocal answer to the latter
br not an observed distribution of causes of
Parly relates to the standard or comparison
as the analytic methodology.*

proportionate mortality analysis, there appear
btal cancer mortality among both white men
in the study. when compared to the
hs for the total United States specific for color
H for age. Excesses in cancer mortality appear
cers of the digestive system and, in particular,
estine for both men and women. In addition,
that mortality from cancer of the breast and
g white women employees is higher than that
There are, however, several reasons why

definitive interpretation is difficult. It has, for example, been
suggested that a Proportionate Mortality Ratio based on an exter-
nal population may not be sufficiently discriminating in screening
for potential hazards.5 In addition, an analysis using PMRs fails to
take account of the absolute risk of dying in the population under
study.¢ Further, a number of studies have suggested an overall
favorable mortality for industrial working populations, even in
those where well-defined hazards increase risk for a specific
cause” ® Factors such as these are meant to suggest that
proportionate mortality analysis must be interpreted cautiously,
with the intention of providing leads for further investigation.

Results consistent with those of previously published studies
would be of particular interest. With no comparable working
populations in the fabrication industry, potential contrasts may be
found in studies of vinyl chloride workers, Monson, et al,
provided a proportionate mortality analysis of 161 deceased
workers (all presumably white males} in two plants, one where
vinyl chioride monomer is produced and one where it is
palymerized into palyvinyl chloride.® Results of that study suggest
a possible excess in total cancer mortality, primarily cancer of the
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posed to high PVC dust levels. The
were observed after a minimum ex-
and, in a small percentage of cases,
slight restrictive respiratory function

~cases (31.9%) were found with non-specific x+ay abnor-
malities mainly relat¢d to age and smoking.

Po?vvlnyl chiarig
to a consideration
radiological signs of
posed to “inert” dus
tion of PVC and the

within the framg
chloride hazards
Chemical Workers
working population

e (PVC dust is particularly relevant
oi the anatomical, climcal and
pneumoconiosis found in workers ex-
s because of the high annual produc-
number o1 exposed workers
work o1 a national survey on viny
to humans, coordinated by the
Untons, the authors examined the
of plants producing PVC in Porto

Marghera. ltaly. One group of workers was exposed to

PVC dust, another g
onlh by vinyl chlari

The characterist
radological abnorn
pathogemc mechan

oup worked in department< polluted
e monomer (VCM)

cs and prevalence ot pulmonan
alities found are reported and their
sm is discussed in this article

Methods and Populhtion

Ervironmental dy
Conceniranon sn air

st sampies were coliected and both
and particle size were measured. In

er, in the whole group of workers 388
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tolucci, M.D.; Carla Gemignani, M.D; Giulia Saladino, M.D.;

the drying sacking and blending departments, PV'C dust
concentrations were higher than the TLV (10 mem o
total dust) in about 60% of the samples In the
polvmenzation departments, no concentrauon highe:
than the TLV was found. In the samples taken, particirs
with diameters of 1 um to 5 pm constituted 4 5% 1t
30.9% of total dust weight .

All the workers answered the European Coal and Stee!
Community (ECSC) questionnaire for chronic bronenis
and emphysema.' and were submitted to chest xaay ac
cording to ILO standards) and sprrographic examinaiio:
(CGodart-Expirograph  Bilthoven, Holland) Ches:
films were read bv two independent phvsicians utilizing
the ILO/UC Pneumocaniostss Classification. 1977 - .-
statistical analvsis. a consensus reading was used Fo-
each worker examined, present and past working hestore -
were carefullv recorded and particular consideration was
given to previous dust exposure. Of the total 1,276 sut
ects had had no past exposure to orgamc o7 norgan:
dusts. 731 had been exposed to PVC dust (emplovesd
drying. saching and blending of polymer). and 485 nac
been exposed to monomer alone

LRt A

Results i

Table 1 shows the mean and standard deviation o ape
and ot lenuth of expasure, the number of subjects and th
percentage of smokers in the two groups. those exponess
1o PV( dust and those not exposed There are no <«
cant differences 1n age and smoking habits, but the cure
tion of exposure is higher in the workers nOt exfies b
dust.

In 20 subjects (16%). we diagnosed =&
pneumoconiosis, te. chest xray changes (meg.i®
opacities or frankly micronodular images) ot at least vt
1 profusion according to the ILO'UC classitication 1he
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< Table 1. — Apge, Exposure, Number of Subjects and Percentage of Smokers
in PYC Dust Exposed and Nan-Exposed Groups

Age (Years} Exposure (Years) No. of % of
Mean Mean S.D. Subjects Smokers
PVC dus:
exposed group 37y 88 61 40 ™ 73.9
PVC gust
non-exposed groud 35.7 85 gt 45 485 68 7
mean age of this proup was 449 {* 5.2} years and the ing x-ray abnormalities — since the interaction is not

mean length of exposyre was 11.6 (X 5.4) years, 16 sub-

jects (80%) were eithe
Table 2 summarizes

smokers or ex-smokers.
the distribution of cases in relation

to age and length of exposure. In all age groups there is an

increase of disease pre
length of exposure. in

alence associated with increasing
the case of x-ray changes, 16 sub-

jects had class 1/0 prdfusion; two cases, class 1/1; one
case, class 211; and ong case, class 2/2. In spite of age and

the considerable expos

ure, the majority of cases observed

were in a low profusion category, thus indicating a slow

evolution of the diseas
by irregular opacities:

b, The changes were characterized

ten cases were type "'s’; three

cases, type "t six caseg, type “p’;, and one case, type 'r.”

The opacities were di

ffused, mainly over median lobe

areas Two subiects shdwed slight restrictive spirographic

impairment
borne dust levels [mos

five vears None of thd

All had Had jobs which involved high air-

Iy drying and sackmng) for at least
20 subjects was in a group unex-

posed to dust None dt them had experienced previous

occupational exposure
considered the above
CONtosts.

In 388 subjects {31
alterations consisting
opacities, or both, clas

1o organic or inorganic dusts We
alterations to be PV(C pneumo

9%) we found slight chest x-ray
of linear or irregular vanishing
ified as class 011 profusion; the re-

maining 808 subjects were class 0/0.

Table 3 reports the
cluding 20 subjects wit
presented in a twowa
number of observation|
to age (three classes)
posure: “PVC =+ rey
absence. In the table, *

total population distribution, ex-
h PVC pneumoconiosts. Results are
v table — each entry reports the
k. Samples are classified according
and polyvinyl chloride dust ex-
resents presence and “PVC —.”
k-ray + " indicates the classes with

class Of1 profusion. To jassess the influence of both risk in-

dicators we periormed
proportions {Snedecor
is adyusted for row eftg
whether row and colun
interaction was presen
both age and exposurg

a two-way analysis of variance for
and Cochran)* The column mean
cts and vice versa We also tested
hn effects were additive or whether
t. The results {Table 4) show that
k were significant factors influenc-

significant, the effects are simply additive.

The square of a multiple-partia! association coefficient
for qualitative data was calculated to measure the degree
of association between the dependent variable (x-rav
changes) and each of the two predictor variables (age and
exposure). Age and exposure are alternately held cons-
tant. Age is a most important factor When exposure is
heid constant, 33.2% of the x-ray changes are shown to
depend upon age; when age is held constant, 6.5% are
shown to depend upon exposure

Table 5 summarizes the distribution of cases {same
subjects as Table 3) according to smoking habits in
workers exposed and not exposed to PVC dust. In Table 6,
the two-way analysis of variance for proportions shows
that both risk indicators have a significant influence on
chest abnormalities

There is no interaction of faciors Habitual smoking
plays a major role and, when exposure is held constant, is
shown to be responsible for 17.1% of the changes. When
smoking habits are held constant, exposure to PVC dust s
shown to be responsible for 89% of the x-ray abnor-
malities

Discussion

X-ray changes of at least class 1 profusion. found in 20
subjects, are considered PVCainduced pneumoconiosis
This claim is based on the following (1) Reading of the
chest films was performed by two independent physs
cians, who were not informed of the age, job. length of ex-
posure or chnical history of workers A consensus reading
was required for the pneumocomosis diagnosts  {2)

Special attention was given to the absence of am

previous occupational exposure to organic Or norRanic
dusts. {3) The changes were found in workers who had ex-
perienced prolonged exposure in departments with
demonstrated PVC dust pollution The length of exposure
was about 12 years on the average and never less than
five. No radiographic signs of pneumoconioss were
faund in subjects working in departments free of PVC
dust, although the average penod of exposure was longer

Table 2, — Distfibution of PYC Pneumoconiosis Tabl 3. — Distribution of Cases with Class 0/1 and
in Age pnd Exposure Classes fusion A : A
(The percentafe on the group of same age B/0 Profusion According to Age and PYC Dust Exposure.
and expesurg is shown in parentheses), Age (Years)
< 30 31-40 41-50 > 50
PVYC Dust oy
Exposure «  Age (Years) + A
Years) <30 | 31-40 4150 5 X-ray + 2 78 123 35
(vears] 220 X-ray - 133 197 106 17
<5 - - - - PVC -
510 = 2(2 A} 5(8.3) 1 (5.9} X-ray + 17 45 54 15
>10 - 2138 8(9.09) 2(9.5) X-ray - 119 158 67 @
Journal of Occupational Medicine/Vol. 21, No. 8/August 1879 541
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Yibie 4. — Two-Way Analysis of Variance for Proportions {Same cases as :n Table 3).
Source ol Degrees of Sum ot Mean
Variation Freedom Squares Squares F
Age K] 308713 10 3238 53.81°
PVC gust exposure 1 0 7845 0 7843 4 09%
inleraction 3 0.988% 0.3284 1.72
Error 188 227 9403 0 1819
*p <0.01
tp <0.05 . . -
pneumoconiosis {731 subjects) the prevalence rose to
Table 5. — Distributioh of Cases with Class 0/1 and 0/0 27% Waxweiler et al* reported pulmonary fibrotic
Profusion According tq Smoking and PVC Dust Exposure. changes associated with respiratory function iImpaiments
: n 96 subjects exposed to PVC dust. Lilis et al” studied the
Nonsmokers Smokers chest x-ray films and changes in respiratory function of
PVC + groups of PVC production workers who had experienced
X-ray + 40 216 exposure of difierent degree and length. They iound a
PV’E“BY : 147 308 4.3% to 22.7% prevalence of chest x-ray changes {(small,
X~;ay . 25 107 linear, reticular andior rounded opacities}) and spirc
X-ray - 127 226 graphic impairments related to the duration of exposure
and to the presence of chest x-ray changes. As these
in these workers (Tablg 1). authors did not emplov either the [LO/UC International

Previous experimen
human lung biopsy in
pairments described a
inhalation. In 1970, §
PNeuMoComosis in a
x-ray films showed sn
toward the hilum. Big
tous centers consisting
rounded by granulatig
lymphocytes, plasma
giant cells. Such cent
diffuse fibrosis.
.-A histiocytic-macrg
observed by Frongia e

al data on amimals and reports of
Hicated the possibility that the im-
pbove can be attributed to PVC dust
zende et al® reporied a case of
vorker exposed to PVC dust Chest
all patches which became denser
psy reveaied multiple granuloma-
of toreign amorphous material sur-
n tissue composed of histiocytes.
Fells, eosinophils and foreign body
brs were associated wilh moderate

phage reaction in atveolar septa,
b al* in guinea pigs exposed to PVC

dust in a sacking depafrtment, developed into lesions with

multiple granulomatd
the course of exposurs
environment develo
teralveolar septa with
guinea pigs

Such experimental
results of this epidem
directly related to PV
fails to cause these cH
we believe that pulmg
I\ similar to other vif
(ibrosis of the
peripheral vascular d3

In the present stud
ol pNeumoconios:s in
Nevertheless

livef,

us centers with giant cells during
-Rats exposed to a similar working
bed marked thickening of in-
an evolution similar to that in the

and pathologic data confum the
iological study Lung changes are
C dust while VCM exposure alone
anges. Therefore, unlike Lilis et al.’
nary changes are not pathogenical-
vl chlonde induced abnormalities
scleroderma-hke skin changes,
mage)

' there was only a 1.6% prevalence

g total population of 1,276 subjects
in workers exposed to effective rish of

Classification or any other, no comparison concerning the
reported prevalence can be made with the present data

Apart from 20 cases of pneumoconiosis, mild non-
specific alterations (profusion of 01 class) were found
both 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 15
minor.
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