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The evidence associating exposure to vinyl chloride
with the risk of tumors of various sites, including lung
cancer, is inconsistent. In 1976 a mortality follow-up study
of 463 white males employed in a viryl chloride monomer
{VCM) production plant since 1948 was conducted. Vital
status was ascertained for 100% of the cohort. Eight
{28.5%) of the 28 deaths observed were due to malignant
neoplasms. No angiosarcomas or other liver tumors were
observed. A statistically significant excess was noted for
malignant neoplasms of the respiratory system {p=.03).
The effect of smoking, duration of exposure to VCM, fevel
of exposure, and the combined effect of duration and leve!
of exposure were analyzed separately. A five-year fatency
requirement was maintained for all analyses except for the
smoking analysis. Levels of exposure to VCM prior to 719717
were estimated from monitoring data available for the
period 1971.75 by extrapolating the relative levels for job
classifications backwards in time. Smoking histories were
nat available for 27.6% of the cohort. When it was as-
sumed that all “unknowns” smoked, a significant excess of
respiratory cancer was still observed (p=.05). When the
minimum latency period of five years restricted analysis to
the montality experience after five years from date of initial
exposure ta VCM for the 314 employzes satisfying this cri-
terion, the pxcess of respiratory cancer was moderate but
nat significant (p=.06). Both a longer duration and a higher
leve! of exposure during the first five years following the
date of initial exppsure were associzted with a statistically
significant excess of respiratory cancer (p =.02 and p =03,
respectively)l However, when duration and level of
exposure were combined in an overall exposure index, the
results were not significant (p=.07). The discrepancy in the
results from the doseresponse analyses may be due to the
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potential error in the estimated levels and the small
number of events observed, but the results do SIiggest that
2 rejationship exists between expesure to VCM and
respiratory cancer.

The association of vinyl chioride and the develop-
ment of angiosarcoma of the liver has beon well
documented. Vinyl chloride has also been described as a
multi-system carcinogen causing tumors in the lung, cen-
tral nervous system, and hematopoietic systems. . Most
recently it has been suggested that vinyl chloride is a
chemical mutagen and teratogen.}

Early in 1974, three cases of angiosarcoma of the liver,
an extremely rare tumor, were reported among worke:s in
a viny! chloride polymerization plant.* All three workers
had at one time been involved in the manua! cleaning of
polymerization reactors.” In a recent report from Canada,
this pattern was confirmed in 10 cases of angiosarcormna of
the liver.* Seven of the workers cleaned reactors, and the
rest were elther operators or maintenance personnel. In-
itial exposures for all cases occurred before 1962.

Following early reports, soveral epidemiologic studias
of workers exposed to vinyl chloride were initiated. The
first of these investigations was a propertionate mortality
study by Monson and Peters.'. The study involved 161
deaths from two vinyl chloride plants: a plant producing
vinyl chloride monomer (VCM), 2nd the polymerization
plant where the initial cases of angiosarcoma were iden-
tified. The deaths, which occurred between 1947 and 1974
among active and retired employees, were analyzed for
excesses in cancer mortality. Monson and Peters reported
a 50% excess in the proportion of deaths due to all malig-
nant neoplasms. Specific excesses were found for liver
and biliary tract, lung and brain. These: results suguested
that vinyl chloride may be a multi-system carcinogen,
although the excesses reported were based on propos-
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tionate mortality ratios, which are not specifically &
measure of fisk. ‘

In 1974, Tabesshaw and Gaffey’ published results of
an industry-wide historical prospective study of 8384
workers involved in the manufacture of vinyl chloride and
viny! chloride polymers in 33 plants. The study was
restricted to individuals who had at least one year of ex-
posure to viny! chloride before December 31, 1972, Ex-
cesses for. the specific causes of death were not statisti-
cally significant, except for concer of the digestive
system, consisting primarily of previously identified
angiosarcomas of the liver. The excesses for cancers of
the respiratory system and lymphomas, while not
statistically significan® were suggestive of possible risks
which appeared to be related to the dose of viny!
chloride. Dose was measured by an average monthly ex-
posure score determined for each worker and based on a
subjective estimate of relative levels of exposure for jois
within each plant. The authors quite correctly point out
that exposure levels between plants may not have been
comparable. ln addition, the inclusion of many workers
with inadequate latency periods, some as short as one
year, may have obscured the exposure effects. This study
.had been.extended to more adequately evaluate latency
and to include more complete information regarding the
study cohort.® The final report is therefore based upon a
total group of 10,173 employees from 37 plants, of whom
9577 (951%]) were successfully traced. While there were
no statistically significant excesses of site specific
malignancies except for liver {angiosarcoma) and brain,
the risk of malignant neoplasms of the respiratory system
does appearto be associated with intensity of exposure —
a standardized mortality ratio of 92 for the low intensity
category compared to that of 141 for the high intensity
category.

In a study presented at the New Yerk Academy of
Science conference on vinyl chloride, Nicholson et al?
described an excess in total mortality and in overall
cancer mortality among 257 men with five or more years
of exposure occurring before 1963 in a polymerization
plant. in addition, they reported three deaths due to an-
giosarcoma of the liver, one due to cancer of the brain,

. two due to lymphoma and none due to lung cancer.

Two additionat mortality studies® ** resulted in essen-

tially negatn e results. One of these, a mortality follow-up

study of 594 employees at the Dow Chemicat Company
polymer plant in Midland, Michigan, by Ott ct al,’® re-
vealed excesses in overall cancer only in the high ex-
posure category (> 220 ppm). In this study, evaluation of
the efiects of viny! chloride was confounded by the fact
that 72 of the 594 employees had also been exposed to
arsenic, a known carcinogen affecting the respiratory
system. Analysis of the mortality experience among the
cohort without the aresnic exposed workers indicated a
statistically significant increase in mortality due 1o matig-
nant neoplasms, particularly lung cancer, among workers
exposed to levels of vinyl chloride above 220 ppm.
Duck et al'* found no significant excesses in overall or
cause specific mortality in a British.Petroleum chemical
industry population of 2,120 male workers exposed 1o
vinyl chloride. The analysis included a separate evalua-
tion of mortality for autoclave workers {reactor cleaners),
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polymer plant workers, and monomer plant workers, The
authors observed no relationship between length of ex-
posure and risk of cancer. This particular analysis,
however, has been challenged as methodologically inap-
propriate due to the misalincation of person-years.'?

tn 1975, the National Institute for Occupational Safety
and Health reported results from a follow-up study of
1.294 workers at four polymerization plants, two of which
also produced vinyl chloride monomer.* All workers in-
cluded in the study had been exposed for five or more
yeats with at least ten ycars' latency period {ten years
since initlal exposure} Significant risks for cancer of the
liver, ung, brain and central nervous system were (ound
for workers with 15 years of latency. An increased risk
was also observed for lymphatic and hematopoietic
cancers.

By contrast, the study reparted by Fox and Callier* of
7,000 workers exposed to vinyl chloride in the British in-
dustry did not indicate that cancers other than those of
the liver were associated with exposure to vinyl chloride
monomer, tn this study initial exposures for a fairly high
proportion of the workers occurred after 1960, and
follow-up by three of the eight factories was poor. In addi-
tion, -the-determination and analysis of exposure were
queslionable in that a measure of level of exposure ascer-
tained retrospectively and subjeclively bv the par-
ticipating industries was used rather than duration of ex-
posure, some combination of level and duration, or
specific job classilications.

Some background information on vinyfidene chloride
(VD) a structurally similar chlorinated hydrocarbon, is
also important in this review since expesures to VDR at
lower concentrations often occur simultancously in the
VCM production area studied. VDC is a known hepato-
toxin'* and has been recently described as a genetically
active compound in the bacterial test systems used.* **
The literature contains only one report on the health and
mortality experience of workers exposed to VDC without
simultaneous exposure to vinyl chloride.*” in this study of
138 workers, Ott et al' reported no excess mortality due
to malignant neoplasms or adverse health effects at-
tributable to exposure to vinylidene chloride.

Based upon this review of the literature, the evidence
associating vinyl chloride with the risk of tumors at
various sites is strongly supgestive. However, some
results, particularly those reported for lung cancer, are in-
consistent, and several questions remain regarding the
strenpth of the association and the effects of varying
levels of exposure, The present study was undertaken to
further delineate the carcinogenic risk associated with ex-
posure to vinyl chloride by utilizing more definitive infor-
mation regarding duration and lcvel of exposure, to
evaluate the effects at lower doses, and to address some
of the methodological problems found in other
studies.'* ** * Although it would be desirable 10 evaluate
the specific effects of vinylidene choride in the popula-
tion studied, unfortunately, it is not possible to scparate
its effects from those of vinyl chloride.

Materials and Methods
Subjects of this investigation were persons employed in
a viny} chloride monomer production plant of the Dow
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Chemical Company. The facility began operations in 1948
when a sma¥l area of the chemical plant was dedicated to
this opetation and to the simultaneous production of
vinylidene chloride. The criterion for inclusion in the
study was that an employee had worked at least two con-
secutive months in the viny! chloride department be-
tween August 3, 1948, and September 25, 1975,

Company personnel rosters were used to enumerate
the cohort of persons whao had worked in the department
since 1948. Company records were utilized to compile in-
formation on date of birth, race. sex, and inclusive dates
for each job and departmental assignment during
employment. The vital status of employees who had left
the company was determined by standard follow-up
techniques.

Death cestificates were requested for all deceased
employees. The certificates were coded according to the
8th Revision of the ICDA and reviewed by a nosologist
provided by the Environmental Epidemiology Branch of
the National Cancer institute. Pathologic or clinical infor-
mation was requested from the attending physician or
hospital named on the death cestificate for all cancer
deaths, Clinical and pathology reports received were
reviewed by the UTMB Pathology Department.

Personnel monitoring data at the plant since 1971 and
information from the Department of Industrial Hygiene
and plant. supervisors . allowed . the, grouping .of .all
classifications with respect to potential exposure to vinyl
chicride. Seven fob classification groups with similar
potential for exposure within each group were identified.
An indastrial bygionist and a pane! of five persons who
had fongterm experience with the production process
and job assignments ranked the seven categories in terms
of potential for exposure to vinyl chloride during the
periods 1348-70 and 1971-75. The categories were listed
randomly and each member of the panel independently
ranked the seven groups. The rankings were consistent
from one time period to the other, suggesting that
although acwal levels of exposure may have changed
over time, relative levels had not and the recent monitor-
ing data could be extrapolated backwards in time.

job classifications considered to have a relatively high
potential for exposure inciuded control 1ab personnel,
loaders, and production personnel (control operators). A
control 1ab worker sampled the product at several stages
during the production process and analyzed it for purity.
Much of this sampling is now automated. I carlier years
it was common for the control lab worker to deliberately,
but briefly, expose himself to vapors by methods such as
the “sniff” test for sample purity, thereby incurring very
high short-tesm exposutes. Loaders are exposed to vinyl
chloride in the process of connecting or disconnecting
pipelines to tank cars and tank trucks. The control
operators are responsible for monitoring the production
process, performing minor maintenance procedures in
order to insure proper functioning of equipment, and
preparing equipment for major repairs. Maintenance
workers gencrlly have lower eight-hour time weighted
average exposures than do the control operators, but they
often expesience refatively high shortterm exposures to
viny! chloride while repairing worn equipment.
Employees with the lowest exposures are those in super-
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Table 1, — Foliow-up Status of 464 Weskers in a
VCM Production Plant, August 1, 1948 - September 25, 1975,
Still employed 3t company - 2N
No loager employed, alive {LH]
Retired 27
Released 113
Deceased . 28
Died whiie employed : 17
Died aller leaving company 1"
Died while retired 0
Unknown slatus 0
Tota! * 464

visory positions followed by persons in the development
lab. The assignments of supervisory pemsonn.! are such
that they are not required to spend extended periods of
time in the production area or to be physically close to
the source of vapor emissions. Development lab person-
nel usually work with small quantities of vinyl chloride in
evaluating the product or production process. The time
weighted average exposures to vinyl chloride by job
classification, based upon available monitoring data,
were averaged for the period 197175 and are summa-
rized in Appendix A.

Standardized mortality ratios {SMR’s) were computed
in the analysis of the mortality experience of the cohort.
Expected numbers of deaths for the study population
were calculated by .applying 1950:59 and 1960-69 age-
cause specific death rates for white males in Texas to the
observed distribution of personyears of observation,
categorized into five-year age groups. Significance tosting
is based on the assumiption of a Poisson distribution for
the observed number of deaths, utilizing a one-sided test
of significance. In the analysis of the data, the effect of
smoking, duration of exposure, level of exposure and the
combined effect of duration and level of exposure were
each considered separately, 2ithough a fiveyear latency
requirement was maintained for all analyses except that
of the effect of smoking.

Results

Four hundred eighty-one males were identifiad for in-
clusion in the study population. Evaluation of mortality
risks was restricted to white males due to the small
number of nonwhite males (17) in the cohort. The as-
certainment of vital status for the 464 white males as of
the cutoff date was 100% complete, and is described in
Table 1. Follow-up investigation was required for 129 in-
dividuals who were no longer employed. Eleven of the
total 28 deaths occurred among this group of 129
workers.

Table 2 shows the distribution of the 28 deaths by
underlying cause. Eighl deaths (28.5%) were due to malig-

Table 2, — Distribution of 28 Deaths Dbserved Among ¥orkers
in a VC!4 Preduction Plant by Cause of Death,

Causes ot Death

{1CDA Bth Revision) Ho. of Dralh
Cancer (140-209) ]
Heart (380-458) 10
Accigent (E8N0-E399) 7
Other {038 9, 330.4 and 513} 3
All causes 8
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Table 3. — Cese Summarins of Eight Cancer Deaths Observed Among Workers in a VI Production Plant,
intesval from
' Date of Age at Date of Lnilial
Camse Age st faitia! Tnitiat Years Exposuie lo
o Beah ore of Deaths Exposure to  Exposure of YCHM - Daie of Death  Smoking  Pathelopic
(Zth Revisian ICDA) Bezth {Years) yem {Years) Exposure (Years) History  Conlfirmation
1. Cancer of lunp 4-23-74 4] 11-15-48 k1 7.3 25.4 Yes Yes — X-tay report
f152.1n presumplive
2. Primary carcinoma .
lungs {1£2.1) 12:01:58 53 10-18-48 43 10.1 10.2 Yes Ko reports available
3. faTinos of kng
{i62.1) 5-21-73 58 8-31-51 3B 21.7 21.8 Yes  Noreporls avaifable
4. Al el .
carcnoma (162.1) 11-14.7% 52 2:11.57 38 10.9 14.3 Yes Yes - Biopsy
§. Makignant madiastinal - . p
tumor unclassiiied
with generalized .
melastasis (163.1) 1-28-63 2 1-15-62 20 1.0 1.0 Unk  Yes ~ Autopsy
6. Corcinpea ot 412-1 438 11-17-52 23 5 8.4 Yes No — Biopsy repart
toloa {153 8) not received
7. Corcimeng ol Bp
metas, ® g & .
neck (140.9) 9-03-65 3 8-01-62 2? 41, 41 Unk  No repors avaitable
8. Metastatic squamous .
cek cancer, )
palate (145.1) 8.28-71 57 418-43 35 6.0 224 Unk  Yes — Aulopsy
nant neoplasms, four of which were confirmed upon  Effect of Smoking

review of autopsy, biopsy or x-ray reports by the UTMB
Pathology Departmenit. Case summaries for the eight
cances deaths are shown in Table 3. No angiosarcomas or
other lver tumaors were observed. The eight persons who
died of canter were initially exposed to vinyl chloride
prior 10 1963, and the four with lung cancer, prior to 1958.
Lengzh of exposure to viny! chloride ranged from seven
years to 22 years in the cases of lung cancer, and the inter-
val from date of initial exposura to date of death ranged
frotn 10 years to 25 years, Six of the 28 deaths reported
here, including two of the eight deaths due to malignant
neoplasms (malignant teratoma and alveolar cell car-
anoma), occumred among a special subgroup of 165
workers exposed t2 1.4dioxare. These data were reported
in an eadier mortality study of workers exposed to
14-dioxane.? .

Table 4a shows the observed and expected numbers of
deaths by cause, For overall mortality, the standardized
mortality ratio vwas 11% lower than expected, The tozal
numbes of observed Jeaths due to malignant neoplasms
was not significantly different from the expected (B ob-
served vs. 5.19 expected). There is, however, a statistically
significant difference hetween observed and expected fcr
malignant neoplasms of the respiratory system (3 v5.1.73,
- p= 03) om

Toble £42. — Observed 2ad Expected Numbers of Deaths Among
464 V/hite Kates In 2 VCM Production Plent,
August 1, 1948 to September 25, 1975.

The excess In mortality due to respira’ary cancer
necessitates a consideration of the effect of smoking as
an explanatory variable. Differential patterns of smoking
among the vinyl chloride workers as coinpared to the
Texas white male reference population might account for
this excess. The case summaries indicate that four of the
five workers who died of respiratory cancer had a history
of smoking; the smoking status of the fifth worker is
unknawn (Table 3). In addition, smoking histories are not
available for a large proportion (27.695) of the 464 white
males in the total cohort. Because of the missing data on
smoking status, it is difficult to identify the effect that
smoking patierns may have on the results obtained.

The potential effect of smoking on the expected mor-
tality was examined, however, by noting the consequence
of an assumed pattern of smoking for the “smoking
unknown* category. Assuming the availability of standarg
age specific rates for the two smoking categories, the ex-
pected mortality, under the conservative assumption that
al! those in the “smoking unknown® category were actual-
ly smokers, was computed. Unfortunately, an appropriate
standard set of age specific rates according to smoking
status was not readily available, but a reasonable set of
rates was constructed from available information. The
construction of these standard rates is described in Ap-

Table 4b. — Observed and Expecled Numbers of Deaths Occurring
Five or More Years Past Initial Exposure Amang 314 V/hite hiales
in 3 VCI Produckion Piant Prior to Ssplember 25, 1970.

Cause of Death Observed Expected SHMA Cause of Death Dhserved Expected SMR
All causes 8 31.63 89 Al causes 22 25.18 87
Al mafipnant neoplasms 8 5.19 154 Alf malignam neoplasms 8 4.4 138
Natgaand neapiasms of - Maiignant nsoplasms of
Whe respiratory system 5 1.73 289° the resplretory sysiem 4 1.4% 263°
*p=.032, one-12iled les! *p= .06, one-lailed lest
198 Morlality Experience in a8 VCM Praduction Plant/Builler et al
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pendix B. Undcr the extreme assumption that all
“unkaowns” actuafly smoked. the expected number of
respiratory cancer deaths for the 164 white males is 198.
with five deatls observed, this excess Is of borderline
significance {p = 05) Since it is extremely unlikely that
21l persons in the “unknown™ category smoked, smoking
appears to be an unlikely explanation for the excess
respiratory cancer mortality.

Effect of FiveYear Latency .

The latency period {or occupationally induced cancers
may range from five o 20 years from the date of first ex-
posure. In the above mortality comparisons, the ex-
periences of all workers, regardless of the length of time
elapsed since initial exposure, are included. This tech
nique may mask the effects of exposure in that a suff
cient latency period may not have acerued prior to death
or observation. When the SMR's in Table 4a were
tecalculated utilizing a minimum latency period of five

years from the date of initial exposure to vinyl chloride, .

the resulting SMR for malignant neoplasms for the 314
employees satisfying this criterion was slightly lower, 268
versus 289 {Table 4b).

Effect of Durafion of Exposure

Fifty-four percent of the cohort had less than two years

of exposure to vinyl chloride. The average length of time

~spent m a vinyl chloride area for all 464 workers was 4.6
years. The values ranged from a minimum of two months
1o @ maximum of 269 years.

It is important to determine whether increased dura-
tion of exposure is associated with higher mortality, When
fooking for such a relationship, bias may occur if the ex-
posure and observation periods overlap.2® Death may ter-
minate exposure prior to the satisfaction of some
minimurn exposure requirement, so that some deaths fall
in the category of short duration of exposure, regardiess
of whether the death was causally related to the ex-
pasure. In addition, a long duration of exposure implies a
long latency peried in which malignancies possibly due to
other chemicals in the environment may be observed.
These problems can be avoided by the following tech-
nique, which separates the exposure and observation
periods.

Duration of exposure during the first five years follow-
ing date of initial exposure was noted for each individuat
exposed prior to September 25, 1970, counting only ex-
posures incurred prior to that date. Individuals surviving
the first five years after the date of initial exposure were
then classified into two groups according to duration of
exposure in the first five years. The groups were divided at
the median value for duration of exposure, 229 years,
Personyears of observation and the expected numbers of
deaths for the period following the first five years since
date of initial exposurc were then calculated for the two
groups. This procedure removes observed and expected
deaths occurring among waorkers befare completion of
the minimum five-year tatency period. Fig 1 illustrates the
determination of these intervals for three individuals. The
results of this analysis are shown in Table 5. There is a
statistically significant excess of deaths due to respiratory
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cancer in the longer exposure group (4 observed vs. 105
expected, p = .023) ’

Effect of Level of Exposure

In order to further explore the relationship between ex-
posure to vinyl chluride and cancer mortality, one can
consider a second dimension of exposure: the estimated
level of exposure, or concentration, As previously men-
tioned, levels of exposure to vinyl chloride in the popula.
tion studied have decreased substantially in recent years,
but based upon subjective evidence, the relative poten-
tial for exposure has not changed extensively. Thercfore,
the time weighted averages of exposures to vinyl chloride
for the period 197175 were extrapolated backward in
time to obtain 2n estimate of minimum exnosure levels
for the various job categories. Average exposure indices
were obtained for each individual for the five-year period
following initial expositre by multiplying the extrapolated
exposure leve!l for each job classification by the time
spent in that job during the initial five-year period. These
products were summed over all jobs in the initial periouy,
then divided by the total time exposed to viny] chloride in
this initial five-year period. Only exposures before
September 25, 1970 were counted, thereby allowing for a
five-year latency period as defined above. Categories of
high 2nd low level exposure were defined by the median
extrapolated level of exposure for the 314 individuals
aliva and under observation at the end of the initial five-
year period. The: mortality expericnce observed subse-
quent to the initial five years for the categories of high
and low average levels of exposure is illustrated in Table

'E-pmuve Storting Gole oburmi'an Cu oft Dare

| August 1,1848 Jonwory  Sept 25, Sept 25!
' : 1954 1970 1975
7 indivduot . A
(= ST
Ingividost B e Soanied
x 1]
e m e e ey !
Initigt & yr, Gbservolion H
period peried H
ladividuol €
e
Initiol Syr
perind
exposure "y expouNe

Fig 1. ~ Example of delerminalion of duration of exposure during
{ive years foflowing date of inilial exposure 1o vinyl chicride for three
employees exposed prior fo date allowing for 5-year latency
(September 25, 1970). The initial dale of exposure for individuatl A
was January 1, 1864, prior to Seplember 25, 1570 (the cutel date
minus 5 years). He died on January 1, 1975. Since individoal A was
continyously exposed {or the entire five-year interval from the date of
his initfal exposure, the person-years of nhservation atier Jznvary ¥,
1969, and his death would be assigned ta the long exposure
calegory, > 2,29 years. By conirast, Indlviduat 8 was exposed fur
anly two years durlng the five-year inlerval from the dals of his initial
exposure, contributing approximately eight person-years la the short
exposure c2iegery. lndividual C represents an additional category of
gbservations: those individuals for whom an initial five-year interval
was net completed prior to Seplember 25, 1970 (the study cutoff
date minus 5§ years) and were therefora oxcloded from these
snalyses.
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Tabls 5. — Dbserved and Expeclcd Deaths Among 314 White talcs in a VO
Preduction Plant by Initial Five-Year Duration of Exposure.®

Inifiat Mafignant Neclsms
§-Year ’ All Makgaant of the
Duntion Ho. of ferson- AY Causes Neoplasms Respiratory System
(Years) Persens Years Obs. Exp. SMR{Obs.  Exp.  SMR|Obs, Exp. SR
Short (< 2.29) 187 1123 ? P ] 9011 1.32 7610 A5 0
tong { >2.29) 157 227 15 17.43 85}5 3.02 166 | 4 1.05 st

® Fpr 314 individuals exposed betore Seuzmnef 25, 1970 2ng exposures incufied belore Ihat dale. counting deaths eccuering five or mors years

alter inifial exposure
{ p=.023, one 1siled test

b. Again, there is a statistically significant excess of
fespiratory cancer in the group with a high average level
of exposure {3 deaths observed vs. 68 expected, p
= 032} .

Eifect of Dusation and Level of Exposure

Finally, a dose-response analysis was carried out for a
cumulative exposure index of information regarding both
duration and level of exposure. This index, for a given in-
dividual and period of exposure, is the product of the
duration of the period of exposure and the time wrighted
average level as previously defined. The mortality ex-
perlence occurring five years after initial exposure for in-
.dex groups of high and low leve! exposutes, as defined on
the basis of the [irst five years from initial exposure, is
given in Table 7. The excess in the high level exposure
group is not statisticaliy significant (p = .07),

Results With Limited Followaup

1t is of methodologic importance to the evaluation of
results from studics with incomplete follow-up, as well as
to the conduct of future studies, to compare the results
obtained with comnplete follow-up to those obtained with
timited follow-up, that is, by "standard” techniques utiliz-
ing individuals who are easy to locate [current employees
and retirees, and deaths occurring in these two groups on-
lyl Table 8 shows that the results with limited and with
complete follow-up are similar when comparing overall
mortality between the two groups, but that results differ
somewhat when comparing mortality due to malignant
neoplasms, specifically malighant neoplasms of the
respiratory system. There are scveral sources of error in-
herent in the SMR’s reported with limited follow-up. First
of all, individuals removed from the analysis were certain
to have survived up to their termination date. If they had

died before termination, they would have been included
in the study. Removing from the analysis those persons
who tesminated employment creates a tendency to
wverestimate the SMR, as noted in Table 8. A second
potential source of bias in the analysis with limited
follow-up stemns from the possibility that peisons ter-
minating employment before retirement may difier in cer-
tain demographic ‘or environmental characteristics
related 1o r-urtality. Lastly, the elimination of a signifi-
cant number of individuals from the study reduces the
precision of the estimate of the SMR. This is particularly
undesirable when small numbers of deaths are involved.
Despite these problems, it is not uncommon to find this
type of limited follow-up analysis in the literature. To
avoid the various sources of error in this type of analysis,
it is preferable to strive for a complete cohort, as was
done in this study.

Discussion

One of the most challenging problems in a cohort
study of the type presented here is the delineation of cx-
posure. Although no historical documentation of ex-
posure to vinyl chloride exists prior to 1970, it was
reported that during the early pericd of production
(1948-1960), exposures in the range of several hundred
ppm (200-500 ppm) were not uncammon. During the
19507 and early 1960% the standard for exposure to vinyl
chloride (threshold limit value, TLV} was 500 ppm.™ in
1961, based on chronic toxicity testing, the Dow Chermical
Company voluntarily reduced their exposure standard to
a TWA of 50 ppm (100 ppm ceiling).? In 1974 the perma-
nent OSHA standard for exposura to vinyl chioiide was
reduced from 50 ppm to 1 ppm for an eight-hour period.’®

As previously noted, workers in the cobort under study
were simultaneously exposed to VCM vapors and varying

Taple 6. — Qbserved end Expecied Deaths Amopg 314 White Males In a VOM
- Production Plant by Estimated Helative Leval of Expasure lor
inHial Five-Year Exposure Interval,®

B Hatignart Neoplasms
Al Malignaat of the
Avg. Level of Exposare o, of Person- All Cavses Neoplasms nnpinemy System
Durlng Inkial 5 Yearst Petsong Years Obs. Exp. SMR | Obs. Exp. SHA§ Obs, Exp. SMR
Low . 160 1374 10 13.56 7412 238 841 82 122
High 154 1977 12 11.62 103 34 1.95 20513 .58 4413

® For 314 individuals exposed betere Seplember 25, 1870, exposures incusred during the nvn~y¢ar interval from date of Initial exgosure, ang

counting C2aths prcuring five of more years after initial exposure
4 Based on 1871-25 monilcring data
§ p=.032, ene-taiiad fest

200

Morlalily Experience in a VCM Produclion Plant/Bulller et at

" AP00007379



Table 7. — Observed and Expected Deaths Among 314 White Males in »
VCM Produclion Plart by £xposure Index far {nftiaf
fFive-Year Exposure Inferval,®

- . Haligract Neoplasms
AU Malignaat o the
Inttiat $-Yeae Mo, of Petson- Al Causes Heoplasms " Resphatory System
Exposure lndez} Petsons Years Dbs. Exp.  SMR [Obs, Exp, SHA | Obs. Erp. SR
Low 157 1143 $ 8.40 95 |3 1.62 185 |1 55 180
High 157 2202 13 15.79 82 |3 2.2 110 |2 M 3192

* For 3H individueis exposed belore September 25, 1970, sxposutes incurred Sucing the five-year interval from dzle of initial exposure, 3nd

eeunting deaths ocruriing five of more years l!ler initial exposure

1 Based m 1971-T§ moniloding data

$ =07, one-talleg les?
concentrations of vapors fram the production of VDC,
ethylene dichloride, methy! chloroform and ethy!
chioride. A weaknes: of most mortality studies of
chemical indistry employees is that workers may have
been exposed to many other chemicals while working in
other areas of the production facility or in other chemical
companies before or after the perlod of specific observa-
tion.We were able to determine that no members of the
cohort had been exposed to arsenic o¢ asbestos while
they were employed at the Dow Chemical Company.

1n view of the lack of data regarding levels of exposure
prior to 1971, an 2ssumption was made that while levels
of exposure were higher before 1971, the ratios of levels
for any two job classifications remained approximately
constant. It is believed that reasonable estimates of the
relative levels of exposure prior to 1971 were made by
backwards extrapolation of post1971 exposure data.

It is also important to note that initial exposure to viny!
chloride occurred in mid-carcer {3443 years of age) for all
four persons who died of lung cancer (Table 3} In this
regard, the lack of information on previous employment
or occupational exposures for these individuals adds to
the difficulty of interpreting the significance of these
statistical findings.

Jo pursue the question of whether this excess may be
causally related to VC exposure, 2 dose-response relation-
ship was examined. Dose was considered to have two
dimensions, duration and level of exposure. In testing for
a doserespanse relationship. a comparison of mortality
may be biased if the periods of exposure and observation
overlap. We avpided this source of bias by looking at an
initia! five-year exposure period and a subsequent obser-
vation period, thereby also allowing for a five-year laten-
cy period past initial exposure. With regard to duration of
exposure in the first five years following initial exposure,
there was a staftistically significant excess of respiratory
cancer occurring after the initial five-year period (4 versus
1.05 expected, p=.02) among workers in the longer ex-
posure group. No such excess was observed for workers in
the shorter exposure group.

In the three analyses of.dosetesponse performed in
this study, the most accurate and objective measure of
dose available is duration of exposure, which ignores the
concentration component of dose. On the other hand, the
cumulative index takes into account both duration and
level, is based on data extrapolated inta the past, and
assumes that the relative levels of exposure did not
change over time, If this assumption were false, any ex-
isting dose-response relationship would be abscured, had
the true cumulative indices heen known. The use of the
time weighted average levels as a measure of dose is not
so heavily dependent on this assumption. Possible ex-
planations for the fact that statistical significance was
observed in two of these analyses, but not the level-
duration index, may be due to the potential aor in the
.estimated. levels, and in the small numbers of events
observed. It should be mentioned that our inability to
detect an intrease in mortality in the low level exposure
groups doas not neccssarily indicate that no increase ex-
ists, but may be due to the low power associated with
small expected numbers, and a longer latency period at
lower doses.

A more appropriate statistical technique for these
types of doseresponse analyses might be a comparison of
the increase in the high level {or Iong) exposure group to
that in the low level (or short) exposure group. Statistical
inference on the ratio of the true underlying SMR's for the
two exposure groups can be carried out conclitional on
the number of deaths in the two groups combined
However, when the numbers of deaths are small, the
power of such a comparison is very low, and may even be
zero. Because of this inefficiency, it was deemed ap-
progriate not to report significance lavels, but rathet to
note that although statistical significance was not ob-
served, the probability of observing such was very low.

Throughout this study, as is commoa in occupational
studies, the measure of mortality used is the SMR, There
are, however, several problems with the use of SMR’s that
should be kept in mind when interpreting such results,

-especially “when comparisons of SMR's are made.

Yable 8. — Observed and Expectsd Deaths Amonp White Males in 3 VCN
Produstion Plant by Type of Follow-Up,

. Ovenati Matignanl Malignant Neopbsms
Ke. of " Person- Mortality Keoplasms of ths Respiratory System
Persons Years Dbs. Exp. SMR J0bs Exp. SHR | Dbs. Exp. SMA
Limiteg totlow-up 335 3087 18 20.55 BB |5 3.43 175 15 1.16 41
Complele follow-up 464 313 28 31.63 89 (8 $.18 154 |5 173 209%

* p= 007, one-tailed test
fp=.032
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Although the SMR is an adcquate measure of excess mor-
tality as compared to the mortality of a standard popula-
tion, the comparison of two SMR's depends not only on
the differences in the age specific mortality rates of each
group fram the standard, but also on the age specific
population weightings of the two groups. Thus, it is entire-
Iy passible, ¥ the age distributions are vastly different,
that the two study groups might have equal age specific
mortality rates but somewhat different SMR's. Despite
the problems in the use of SMR’s, no alternative was con-
sidered because of the small numbers mvolved

Condunom

In view of our inability to detect a significant dose-
response relationship, we cannot stste that the observed
excess in respiratory cancer deaths is due to exposure (0
vinyl chloride. However, the fact that excesses were seen
in the group with the longer duration of exposure in the
initial five years, and in the group with the higher average
estimated exposure fevels in the initial five years, suggests
that a relationship may exist.

It is unfortunate that data were not available regarding
the levels of exposure experienced 20 to 30 years ago,
when he four workers with respiratory cancer were first
exposed to viny! chloride. it is also unfortunate that data
were not available regarding ‘exposures to other
chemicals duting these carlier decades,

The resudts of this study can only be considered in con-
function with othes studies, both past and future. In view
of incorsistent repocts to date, more studies of the
specilic dose refationships and confounding exposures
are needed

Yhis study way funded by 2 rescarch award fsam Dow Chemical Ca . US A
The authars with 1o acknowiudpe the support and assitance of the Lanous
Cepartments of Duw Chemial Co, Teras Divisign and U S A withoul whem
this study could nut have bera conducted the Oecupatwnal Health and
Med 2l Reseach Department. the Indintnat Hygrene Department, the In-
dominal Medecwe Depactrnent and the Fersonael Department The grtcal
reurw of sios meport by De Ralph Cock, Dow Chemical Co. USA and the
anissace pronded by the UIME Pathology Depaitinent, the Unnvertaty aof
Tenas at Houston Education and Researeh Computaton Center, and the £n
vironmental £ pidemiclogy Branch of the Nativaal Canree Conterin e iwtnang
and peocessing data s acknowledged. This paper wis sl 85 Yan Dow
Tochnical Retease B 600-407.78.
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Appendix A

Estimated Time Weighted Average (8-Hour)
Exposure to Vinyl Chloride by fob Classification,
19711975

Percent
of Total
. Average PersonYears

job Classification 8Hr. TWA  Exposed

1. Contro! lab personnel 223 47
2. Development lab personnel LR} 57
3. Production personnel
Control A - 77 166
Control B 28 75
Control C 4.4 89
Class 3 operators -— 8
Total 57 3338
4. Loaders and plant men
Class 1, 2 operators 71 152
Head packaging operator  12.3 12
Material handling .
operator 2 a

Mortality Experience in 3 VCM Pioduction Plant/Bulilar et al
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Packaging operator, )
service technician - a.
Total 74 164
5. Certain supervisory :
positions
Production super-
intendent, assistant
production superinten-
dent, production engi-
neer, R&D engineer,
engineer, safety engi-
neer, Sr. production
engineer, 1
Parts technician, Sr.
Manager )
Assistant engineering
technician
General superintendent,
section superinten-
dent, superintendent,
supervisor, assistant
superintendent, plan-
ning engineer, material
control clerk, plant
assistant, head clerk,
chief material handling
technician, shipping
coordinator,mainte-
nance coordinator, .
maintenance engineer - 19
Total 18 1.6
6. Maintenance personnel .
Boilermaker, apprentice 14 1.2
Welder, apprentice 2 11
Machinit, apprentice,
helper, crew leader 11 17
Pipefitter, apprentice,
helper 17 42
Utility man 2 . 12
Instrument technician 32 37
Production foreman, shift .
foreman 43 55
Maintenance foreman . ° A 2
Utility crew leader,
rotating shift foreman,
forernan - 52
Total 25 240

o Wbkl
0
oale

7. Other personnel
Electrician, apprentice 38 20
Loading supervisor,
technical foreman,
coverer, janitor, elec-

trical foreman - ) 18
Total 38 38
All groups combined 54 1000

For same job classifications there were no monitoring data avaidatie for the inter.
vat 197175 The value assigned was determined by averaging 3l monitonng data
svailable for job chessEications within the group to whkh the specriic job cimsifwa.
Hon was sssigned The pes computed were weighted acronding to Lotal penson-
years in the cohort spent in each job classdication

Appendix B
Despite the lack of suitable standard age specific rates
for smokers (present or past) and nonsmokers (never
smoked), it is possible to construct a reasonable sot of
rates from available information. The following two

. simplifying assumptions are made:

1. Age specific relative risks for smokers compared to
non smokers from the study by Dorn? for U.S. white male
veterans for the years 1954 "5 1962, are applicable to the
Texas white male populations of 1950-59 and of 1960-69.

2. The age specific percentages of smokers for U.S.

- males for-the years 1955 and 1966 reflect the-correspon- -

ding percentages for the Texas white male population in
the time periods 1950-59 and 1960-69, respertively.
Using these two assumptions, a set of age specific rates
for the Texas white male population according to smok-
ing status was constructed for use as a standard, in the
following manner. Let
M= cause specific mortality rate for age group i
Mu= cause specjfic mortality rate for smokers in
age group 1
«= cause specific mortality sate for nonsmokers
in age group i
si= praportion of population in age group | who
smoke
n= age specific relative tisk for smokers com-
pared to nonsmokers
Then
Mi= sMs + (15 Mo = Malsin + (1-5)]
Mn= M-I[st- + (145} Ms = tMa.
Thus, the values for r and s,are found for assumptions 1
and 2 above, and the desired mortality rates by smoking
status are obtained.

Truth

Truth rests on severa! conditions. Among other things, truth rests on a regard for
relevant facts, an Intelligent assembling of them and on knowing how the facts matter.
" Truth also rests on knowing what is important and what is not, on judgmental capacity

and on courage.

- ¥rom “wWhen Vakes are Substtuted for Truth™ by | Bernett, i The Wall Strect Jownal july 2%, 1978,

Journal of Ocezpational Medicine/Vol. 21, No. 3/March 1979

203

~ AP00007382



..

- TA

£8££0000dY

1 ) ., . * i ;

©*, . Table 3.2. HEALTH EFFECTS OF VINYL CHLORIDE: REVIEW
! e REFERENCE i COMMENT
;

CANCER 'I
]
|

Liver andﬂﬂ‘ilary Cancers -

Angiosarcoma , ’ Creech and Johnson (1974), US incidence: 0.014 cases '
! PR Nicholson et al. (1975) - per 100,000 pop. per year (Heath,
Waxweiler et al. (1976) 1975) Angiosarcoma also caused
. : ; by ThOp, As, pesticides. {Van
Gallbladder Ca . : HWaxweiler (1976) ) Duuren, 1975)
Adenocarcinoma of comnon
bile duct
Brain and CNS' Cancer Waxweiler (1975),
(Glioblastoma multiformd) Infante (1976) .
Respiratory Systen{ Cancer ) Haxweiler (1976) v These are not the types associated
. (Large cell undifferentiated, i with smoking
adenocarcinoma) ' " . :
Lymphatic and Hematopoietic Tabershaw and Gaffey (1974)
: Monson et al. (1974)
Other ' ' Not statistically significantly
) : elevated among YC workers
Buccal, pharyngeal, lymphomg, Monson et al. (1974)
digestive organs, thyroid Tabershaw and Gaffey (1974)
] ..
|

.’

——.
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Jable 3.2 (continued). HEALTH EFFECTS OF YINYL CHLORIDE: REVIEW
nt : Y
" . REFERENCE . g COMMENT

VINYL CHLORIDE DISEASE : Lilis et al. {1975)
Marsteller al al. (1975)

Makk et al. {1974)
Miller et al. (1975)
Yeltman et al. {1975}

1 e AN e e —— — —

Monspecific Symptons

Upper abdominal cramps, dizziness,
headache, vision disturbances

Extremities

Pain in joints and fingers

Acroosteolysis Clubbing of fingers, dissolution

of terminal phalanges
Coldness and pallor of the Fingars

i Delayed arterial circulation of
: radial and ulnar arteries

Raynaud's Syndrome: . .
Abnormal Allen Test

Scleroderma-1ike skin changes

ik ]

Blood ] i
Thrombocytopenia !
Leukopenia

Liver ) .

Hepatomegaly, splenomegaly
Chronic Hepatitis
llepatic capsular fibrosis

Degenerative alterations of
Yiver cells, thought to be pre-
cursors of angiosarcoma
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Table 3.2.{continued). HEALTH EFFECTS OF‘VINYL CHLORIDE: REVIEW '.

REFERENCE

- s
Abnormal liver function tests

(BSP (bromosulphalein) retention,
SGOT, GGPT, SGPT, alkaline phosphatase,
bilirubin)

Pulmonary

Oecreased air flow
e.q., FEF,, FEV|, MIF ;
REPRODUCTIVE OUTCOMES ‘ Infante (1976)

Increased total congenital
mal formations -

Esp. central -nervous system defects,
e.g., anencephaly, spina bifida,
hydrocephalus .

CONDITIONS THAT HAVE BEEN EXAMINED, BUT NOT FQUND 10 BF ASSOCIATED UITH VC
rabershaw and Gaffey (1974)
Monson et al. (1974)
Abnormal urine analysis Lilis et al. {1975)
Cerebrovascular accidents | Monson et al. (1974)

" Hypertension . F; Lilis et al. (1975)
L] l R

i :;:
H . t: -

Cardiovascular-renal deaths

COMMENT

“w

Also influenced by smoking,
possibly air pollution

Community-based study, examining
rates for towns with VC plants

-




EXHIBIT A

SCOPE OF WORK

The Contractor shall design, conduct, analyze, interpret, and report

an epidemiclogic study of the health effects of vinyl chloride i a
population of children who were exposed Lo vinyl chloride. This study
will involve the identification of a tohort of exposed persons, the
location and contact of them, administration of interviews, maintenance
of an up-to-date roster of the cohort, searching and retrieval of death
and hospital records. and the estimation of vinyl chloride exposures.
Throughout this study the Contracter shall fellew sound quality control
procedures, especially in regard to data collection and processing.

1, Phase 1

8. Task 1l = Identification of the Exposed Cohort Roster

The Contractor shall prepare o list of an exposed population

at least a portion of which were initially exposed approximately
20 years ago to vinyl chloride. This list shall include as a
minimum, full name, home address, telephone number, and dates

of attendance. Furthermore, thE.current address of each child
shall be updated through the use of junior and senior high
school records and other means if necessary.

b. Task 2 - Preparation of Detailed Study Protecol

wWithin 45 days of contract award, the Contractor shall
submit to the project officer for approval a detailed
study protocol which shall specify: (1) the procedures
to be used in lecating 2nd contacting the population to de
studied: (2) the procesdures to be followed in deriviag
fxtamgtes o oranual o winyl shlsvile swpoosures fiv othe lanzess
Seagihie sauly perizd, and iz levails of the exanination
schedule. juestionnaires, clinical. procedures, etc., to be
administered to the participants of the pilot study. The
detailed study protocol shall alse specify what quality control
procedures will be followed throughout the study. The Con-
tractor shall submit to the project officer all informatien

as will facilitate the Office of Management and Budget

clearance for the questionnaire.

C.»s Task 3 = Preparation of Vinyl Chioride Exposure Estimates

Upon approval by the project officer of the section of the
detailed study protocol dealing with the generation of vinyl
chloride exposure estimates, the Contractoer shall: (1) collect
and assemble the data necessary to generate the estimates {2)
perform the necessary cslculations and (3) present the estimated
annual cxposures for the individual years during the period

of study.
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