trassman

2,1
v. VLG
@g,ﬁ;,m ool

] 2 f7‘3~
FECFIVED

71988
}GLORIA J. NEVERISKY

Mortality Among Employees

of PVC Fabricators

Leonard Chiazze, jr., Sc.D.; William E. Nichols, Ph.D.; and Otto Wong, Sc.D

A cross-sectional mortality study of 4,341 deaths occurring
,mong current and former employees of 17 PVC fabricators
Juring 1964-1973 is presented. The objectives are: (1) to iden-
ify any angiosarcoma deaths among the employees of these
ubricators, and (2) to examine the distribution of deaths by
cause. No angiosarcoma deaths were found among the study
group. Sex- race-cause-specific Proportionate Mortality Ratios
xml’s) were computed, using the corresponding U.S. mor-
ulity as the standard. Among white employees, there appears
10 be an excess in total cancer mortality, particularly that of
""-M' Observed deaths were found to exceed
the expected in cancers of the breast and urinary organs
among white females. Deficit mortality was observed in
atrhosis of liver among both maie and female white em-
ployees.

The january 1974 disclosure of three deaths from angio-
Jrcoma of the liver 1n a single vinyl chlonde polymerization plant
ind the attention focused on this new occupational disease are
well known. A significant amount of information from animal ex-
senmentation and observation on humans engaged in the produc-
‘on of vinyl chionde tollowed ' However, there was no informa-
ton regarding the possible adverse effects on employees engaged
n polvwinyl chlonde (PVC) fabrication, where potential exposures
were thought to be low and to result from the release of unreact-
ed monomer trapped in the resin. This 1ssue was considered of
geat import because of the very large number of workers beheved
‘o be engaged in fabrication.

In March 1974, representatives of PVC producers. who are
™mbers of the Organization Resources Counselors (ORC), Oc-
‘upational Safety and Health Standards Group, contacted ORC
oyt the feasibiity of a study of health risks to employees work-
% with viny} chlonde and polyvinyl chlonde Since the National
Msttute tor QOccupational Safety and Heaith (NIOSH) was con-
fucting a study of vinvi chlonde and resin producing employees.
*e scope of the proposed ORC study was imited to employees of
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companies engaged in the fabrication of PVC resin into finished
products. A number of alternative study designs was considered,
and it was decided that a proportional mortahty 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 fabncating employees plus retirees Since 1t was not possible
to dentify those employees with only vinyl chionde 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 occurred among employees of the fabricators
under study A secondary objective was to examine the distribu-
tion of all deaths by cause

The relatively tew producers of vinvl chloride monomer and of
PVC resin are generally medium to large companies PVC fabri-
cators. however range from large plants of major compares to
very small job shops Even tn a large plant, there may be few em-
ployees who are in the vicimty of PVC resins. The range of com-
pany plant size and number of exposed employees help to explain
the wide range of estmates of total employment dependent upon
PVC resins. Fabrication s geographically disbursed. with at least
some operation in almost every state Typical fabrication products
include coated wire. uphoistery fabrics, floor and wall coverings
ppe and other construction materials. toys. recreational equip-
ment. phonograph records, contatners and container hining, and a
myniad of novelty items Since the fabrication of PVC resin into
finished products 1s often a part of diversified praduct lines in a
plant, raw materials other than resin are utiized. Thus, employees
may be exposed to toxic agents other than vinyl chlonide Conse-
quently, in the current study. 1t 1s not possible to solate only the
effect of vinyl chlorde Some departures from expectation may be
due to exposures to vinyl chlonde. to one or more other agents. to
some combination, or to emplovee charactenistics other than
occupation.

Materials and Methods

The decision to focus on a cross-sectional mortality study
rather than on an historical cohort studv derived from several con-
siderations First, the primary study objective was to determine
relatively quickly whether or not any angiosarcoma deaths could
be dentified among the study group. and this was best ac-
complished by examining causes of death amang relatively recent
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(e, past ten years) decedents. The desirability of identifying an of death was classified according to the eighth revision of the |, —_—
historical cohart for follow-up was recogmzed. but it was deter-  ternational Classification of Diseases * '
mined that it would not be possible to lenufy clearly and com- Over the ten-year period under studv plant size was found |, i
pletely the necessary cohort of workers within a reasonable period have changed drastically in many cases In one instance. a pu,,'. " J —
ot ume if at all As a consequence. this study s based upon 4 341 employing 300 employees in 1973 employed fewer than 10 -
deaths which occurred dunng the .pefiod 1964-1973 among 1964 At the other extreme, one plant empioying 5.000 people r | =
current or former emplovees of 17 companies engaged n PVC 1964 had onlv 2.000 1n 1973 Some companses had gone out I Tota
fabrication A total of 35 plants supphed data on all Wdenufiable business Such developments show not only the rapid change. Wit
deaths since, as was mentioned earler it was not pascible to iden- taking place but also the difficulty of determining average mdus-m ‘ o
tfy those employees with only vinvl chionde exposure far the employment The 17 companwes covered i this report range ke
studv from single plant. small companies one with 70 employees' (-
In order to be included in this study a deceased employee fell multiplant large companwes (one with over 7,000 emplovee
into one of the following categories. (1) employee died while ac- Average number of employees clustered between 300 and S The di
tvely employed (2) employee died after retiring from the com- Although total employment is difficult to determine precisely. it » aven in
panv with retirement benefits. and (31 employee died after ter- estimated to have been between 65,000 and 70,000 at the end ¢ ast maye
minating employment but with vesting 1n a company-sponsored 1973 66" fo
hfe insurance plan Deaths occurnng among former employees Since the population at risk could not be determmned, mortalt. Astributs
with less than the number of vears necessary for insurance vesting rates as measures of risk could not be calculated Rather resur wemale €
were not included n plamt records and were, therefore, not were summarized in terms of Proportionate Mortality Ratios PMR those ap
available tor this studv ad)usted for the age distribution of the studv group The PMR e wWhite w
An attempt was made to compensate for at least some of the relative frequencies of specific causes of death by age n a com deaths
"leakage* due to employees leaving the mdustry prior to the time panson population to obtain expected numbers of deaths tror populat.
they were vested in any insurance program by using the following that cause in the study population Selection of an approprai proport.
procedures Once death records for a given company were iden- comparison population poses some difficulties since it would b populat
uted, death certificates were obtaned and separated into two desirable to have a cause of death distribution for a syimidar grous that relat
groups as follows (1) all deaths with cancer (ICDA 140-205 up to of workers dying during the same penod, but not subjected tothe While th
1967: ICDA 140-209 for 1968 on), or hver disease (ICDA 580-586 factor under studv. But such a comparison population was o small for
up to 1967, ICDA 570-576 for 1968 on), or suspected liver con- available. and the study used mortality for the United State age amo
dition mentioned on the death ceruficate. and (2) all deaths from specific for color and sex. for comparative purposes® Desp” total Un
causes other than cancer or liver disease. Death records men- recognized deficiencies, the PMR can prowvide clues on unue Tables
tioning cancer or liver disease and giving a hospial as place of distrbutions of causes of death where true rates cannot ™ ‘ causes b
death were segregated and sorted by hospital Where there were calculated white g
several death records for a single hospital or several hospitals in : tulatory
the same area, arrangements were made for a Registered Records  Results ICDA 12
Administrator (RRA)Y to visit the hospitals review medical records, Table 1 gives the distnbution of deaths among the emplovees© Populatic
contact the hospital pathologist and review pathology records to the 17 PVC fabricators within each of the ten years An ncreasé” Wwere 548
determine whether there were any angiosarcoma cases in the the proportion of deaths taking place in later years of the decadt ‘tr Dige
hospital’s pathology records If so, an attempt was made to deter- may reflect a varety of factors, such as an increasing emplove han two
mine whether or not the angiosarcoma possibly could be related population. less complete availability of records for earlier ved” ‘tady e
to vinyl chionde exposure. This procedure enabled us to dentify {e g, in one company, there were no records for the first four © dmong |
whether any employees, who had left the industry prior to vesting the ten years), Increase in duration of exposure, etc Howe'® e deaty
" in an msurance program and remained in the local area. had died there 15 No reason to believe that anv unavailable death record*” ‘ 570y,
from angiasarcoma of the hver The hospital Inquiry procedures  earlier vears would be concentrated in a few causes and theré® ( P Cor
turned up five deaths from angiosarcoma of the hver: according to bias the distribution of deaths for those vears ?'”““Wh
company employment records, none were employed at any time ' " studh
in PVC fabricating plants These deaths were reported to OSHA, —
NIOSH. and CDC for inclusion 1 the nationwide angiosarcoma Table 1 — Distriwtion of Deaths Among Empioyess of 17 ’f"---_.
survey PVC Fabricators by Year of Death, 1964.1973. |
Death certificates not mentioning a hospital as a place of death [ —
required an additional step to determine whether death occurred Your of Outh e S - K
in a hospital or if a recent hospitalizatron had occurred prior to 1964 125 [ |
death The certifying physician was queried by mal tor in- 1965 348 80 : S
formation on recent hospitalization of the decedent and whether 1966 400 2 i Wy,
there was anv indication that he or she had cancer or liver disease 1967 2, L Maie
Additionally dentified hospitals were contacted as above 1968 4% 1S - loms
Onginally. 1t was planned that death certificates would be ob- 1969 s 103 :""’
tained from hfe insurance carriers In practice. both company and 1970 465 107 ;::
Wfe insurance records were used because of record retention prac- 1971 an 109 ; G
uces and retrieval problems in the insurance carrers All available 1972 528 122 __ : My
death certrficates were examined bv a trained nosologist for men- 1973 430 39 !\ Fema
tion of angiosarcoma anvwhere on the certincate and no angio- Tomm: 4341 10¢ Q
sarcomas were found on the death certificates Underlving cause
urngy o

o
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Tobls 2. == Distribation of Daths Among Employsess of 17 !
MC Falricaters by Coler awd Sex, 1964-1973.
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e distribution of deaths 11 the study group bv race and sex is
4 n Taple 2 Most deaths (84 7% occurred among males The
- ') majorty (88 7% of decedents were white and there were 288
‘: _ 1or whom race couid not be determined Table 3 shows thns
__-buton of deaths by age. For both white male and white
.f;\ale employees. more than half of the deaths occurred among
e 2ged 65 and over (58 1% and 51 9% for white men and
e women. respectively! The corresponding proportions of
waths whieh occurred after age 65 in the United States
Lpulation 1N 1968 were 59% and 72%, respectively) The higher
«sportion of deaths among white women over 65 in the US
opulation compared to the employee population may indicate
wat relatively fewer women work to retirement age thart do men.
\wie the numbers of deaths among nonwhite employees are too
all tor any definite conclusions, the distnbution of deaths by
ge AMONG NONWhite men 15 roughly comparable to that for the
vl United States.
“sples 4 and 5 show the distnbution of deaths for selected
\vev by sex for whites and nonwhites, respectively Among
.-1e men, nearly 60% of the deaths are from chseases of the cir-
Latorv svstem (ICDA 390-458) and 20% are deaths from cancer
DA 140-2090 The corresponding percentages for the total U S
sopulation of white males in 1968 (midpomnt of the study period)
sere 54% for diseases of the circulatory system and 16% for can-
e Digestive and respiratory cancers account for somewhat less
wan two-thirds of all cancer deaths among the white males n the
wdv group as compared to about 59% of all cancer deaths
mang U.S white males 0 1968 For white women, over 46% of
¢ deaths are from diseases of the circulatory system (compared
137% for all U § white women 1t 1968). and 30% were from can-
e compared to 18% for all US. white women in 1968)
‘“mewhat over half of the cancer deaths amoang white women
* studv were from cancers of the breast and digestive system,

about the same proportion as tor all U'S white women in 1968
About two-thirds ot the deaths tor both nonwhite men and
women were trom diseases Of the Circulatory svstem and trom
cancer The numbers ot deaths tor most causes armong nonwhites,
however are quite small making interpretation ditficult and are
presented mainly for completeness

Age-adjusted PMRs for white male and white female emplovees
of the 17 PVC tabricators are presented in Table 6 tor selected
causes of death There were no similar analvses tor 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 studv group The midpont of the study penod (1968) was
selected for the standard, since it 15 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 numbere 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 i the study groups and deaths for the
United States A PMR larger than urity would indicate that the
relative propartion of martaity from that particular cause in the
study population 1s lugher than would be expected based on the
1968 U5 mortahty experience Due to the nature ot the data. for-
mal significance tests and interpretation in probabristic terms are
deemed mappropriate.

In addition to the numerical value of the PMR itself. the ob-
served number of deaths 1s also of interest. The larger the number
of deaths observed the more reliable the PMR There were two
deaths ot unknown age among the white males. one a digestive
cancer HCDA 1%3: and one an unspecified cancer (ICDA 199)
These were ncluded in the age groups with the lowest relative
frequency for those causes, that 1s, 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 trvial effect on the ex-
pectation but s the most conservative way of handling these
unknowns since it serves 1o increase the expectation land hence
lower the PMR) by the least amount

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

Tohle 3. — Distribgtion of Desths Among Empleysss of

17 WG Fabricators by Age, Coler. Sex. 1964-1973.
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. Since
centrated 10 digestive system cancer, given the large number of tolitv from cirrhosis of the liver seerns to be in deficit. bul e Studie
deaths (31% of all cancer deaths). For each of the sites within the  corresponding observed number of deaths s quite small Amont objecy
digestive system, observed numbers of deaths are greater than ex- both white male and female employees, diseases of the cuc'-‘l"“ﬂ_ Cause
pected. Although, except for intestinal cancer, the observed num- system account for a large percentage ot total deaths 0 E“f 1 the
bers of deaths are small. The PMR for liver cancer 15 rather high, case. observed numbers of deaths are close to expected ' Sense
sut a defimite conclusion s difficult with only six observed deaths appears to be a somewhat different pattern among me" ”: Quest,
On the other hand, the PMR for cirrhosis of the liver suggests a women for deaths due to accidents, poisonings. vielence with rn Heath
deficit 10 mortahty from that cause. number of deaths somewhat low among men and high am® nopyl,
For white women. the PMR for total cancer appears high, as it women, ) On
did for white men, with cancer of the digestive system and, There were 39 cancer deaths among nonwhite men. some‘”'“; tn he
perhaps, cancer of the breast contributing a far amount to the ex-  greater than expectation. although the numbers by site 3¢ b angd
cess The PMRs for individual sites within the digestive system are small for meanmngful analysis Mortality from cerebn:wascuec Distripy
based upon small numbers but suggest an increase in ntestinal disease appeared high (PMR = 2.11) but the finding was b# and g,
cancer The PMR for uninary cancer, though based upon anly 11 upon only 19 deaths ‘hnce
deaths, seems strikingly high and mav be an indication for further " can
investigation On the other hand in contrast to the observation in Discussion - here
white men the PMR tor resprratory cancer among white women 15 The present study was designed with two objectives The ' ‘;Hmdr\
very close to unity Simular to the observation in white men, mor- was to determine whether or not any angiosarcoma death® or g
o8 Mortality Among Employees of PVC Fabricators/Chiazze, Nichols. 2 ot Yourng
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567 PR 11 the ritc of absarvid (o expacted whart the sxoaCted nuMbe 1 CaiculTed on the basis of the destribution of damths for the total LS o 1968 specrhc for colr s cause. afd age
xcurred among emplovees of the PVC fabricators under study.  definitive interpretation s difficylt It has, for example, been
e ‘ snce no anglosarcoma deaths were found among the employees suggested that a Proportionate Mortality Ratio based on an exter-
1um n ‘udied. the first question has an unequivocal answer A secondary  nal population may not be sufficiently discriminating in screening
] !; : oective was that of examining the distribution of deaths by  for potential hazards.’ in addition, an analysis using PMRs fails to
-uato duse among the employees under study. Implicit in that objective  take account of the absolute risk of dying in the population under
In earh L . & .
| There % the question of whether or not that distribution is, n some  study.® Further, a number of studies have suggested an overall
en and wnse. ynusval. There s no unequivocal answer to the latter favorable mortality for industrial working populations. even n
with the estion Whether or not an observed distribution of causes of  those where well-defined hazards increase rnsk for a specific
among death 15 unusual clearly relates to the standard or comparison cause’” * Factors such as these are meant to suggest that

Population as well as the amalytic methodology.*

proportionate mortality analysis must be interpreted cautiously,

newhat On the basis of a proportionate mortality analysis, there appear  with the intention of providing leads for further investigation.
are 100 10 be axcesses in total cancer mortality among both white men Results consistent with those of previously published studies
sascular #d white women in the study. when compared to the would be of particular interest. With no comparable working
i based dstrbutions of deaths for the total United States specific for color  populations in the fabrication industry, potential contrasts may be
ad sex and adjusted for age. Excesses in cancer mortality appear found in studes of vinyl chlonde workers Monson, et al,

toncentrated i cancers of the digestive system and, in particular, provided a proportionate mortality amalysis of 161 deceased

{ " Cancers of the intestine for both men and women. In addition, workers (all presumably white males) i two plants, one where

“he Hist tere 15 3 suggestion that mortality from cancer of the breast and vinyl chlonde monomer 15 produced and one where it s
ths had Wihary organs among white women employees 1s higher than that  polymerized mto polyvinyl chloride.* Results of that study suggest

W Wong

for the toral US. There are, however, several reasons why

hurng of Occupational Medicine/Vol. 19, No. 9/September 1977

a possible excess in total cancer mortality, primarily cancer of the
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liver However there was & suggestion that cancers of the lung
and brain also appeared with excess frequency The current study.
while suggesting an excess in total cancer. particularly digestive
cancer. does not clearly pont to marked excesses for cancers of
the liver lung, and brain among white rmen, aithough the PMRs for
these cancers are greater than one The observed-to-expected
PMRs reported by Monson for vascular lesions affecting the cen-
tral nervous system, Circulatory diseases, and external causes are
similar 10 those reported here

Tabershaw and Caffey. in a study of workers engaged in the
manufacture of vinyl chionde and s polymers. conclude that no
specific cause of death was statistically signiicantly greater than
expectations based upon Standardized Mortality Ratios (SMRs)
ustng the US male population as the standard * By other critena.
however. the authors conclude there may be an excess nsk for
mortality from digestive cancer. respiratory cancer, cancer of
other and unspecified sites. and lymphomas At lower exposure
levels. thev suggest some excess for cancers of the buccal cavity
and cancers of the other and unspecified sites

The current study would seem to indicate that excesses of mor-
tality from cancer of the digestive system are not sex-specific and
are not himited to liver cancer The majority of the PMRs for cancer
among both white men and white wornen are in excess of umity
Such results must be nterpreted with caution but. since they ap-
pear to be consistent with previously studwed workers, they
suggest the need for continued invesugation.

Summary

Results of a study of 4,341 deaths occutning among current and
former employees of 17 PVC fabricators during the period 1964-
1973 are presented. The study was carried out to determine
whether any angiosarcoma deaths had occurred among em-
ployees of these fabricators and to examine the distnbution of
deaths by cause No angiosarcoma deaths were found among the
study population. Distributions by cause of death among white
male and white female employees were compared with those for

Mortality Among Employees of PVC Fabricators/Chiazze. Nicl

the entire U5 . specific for color and sex and adjusted for age b,
means of Proportionate Mortality Ratios There appears to be 4
1mportant excess in total cancer mortality among both white myie
and white female employees with gagsative casaet, particuly),
that of the . contnbuting to the excess Among th
women employees. cancers of the breast and urinary organs m,,
also be 1n excess. No excesses were found for diseases of the ¢
culatory system. There were deficits in mortality from cirthosis
the liver among both male and female employees and a deficit .
accidents. poisonings, and violence among men The use of the {

|

Proportionate Mortality Ratio based on an external standyg
requires Gygiiiililwrterpreting these results. but the need for 1
ther investigations is indicated.

Thrs study was sp d by the folk pa Amencan Can Compn,
8 F Coodrich Company, Di d Sh k Corp Frrestone Tire and Ruboe
Companv johns Manvile, Motor Vemcle Manufacturers AssoCRtion  Staune
Chemcal Company Umon Cartede Comoration Unroval Incarporated
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