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EPINFMIOLOGICAL STUDY OF VINYL. CHLORIDE WORKERS

Final Report - May 2, 1974
1. SUMMARY
Eight thousand three hundred and eighty four men who had had at least
one year of occupational exposure to vinyl chloride pef&re Deqember 31,_-
1972, were followed in a ﬁistorical prospective mortality atudy.- The
major findings of the study are:

1. The overall mortality of the study population was
approximately 75 percent of what would be expected in a
comparable population of U. S, males.

No cause of death showed a statistically significant
excess over what would be expected in a comparable U, S.
malg population.

No new deaths identified as angiosarcoma of the liver were
found.

All previously known Angiosarcoma deaths in the study

population during the study perio& were found as part

of the routine study procedure.

Canéers of the liver (primarily angiosarcoma), respiratory
system, brain, and cancers of unknown primary site, as

well as lymphosarcoma, occurred more often than expected in
those members of the study population with the greatest
exposure. Even though the excesses were not statistically
significant, the findings warrant further study.

Other cancers cccurred at lower levels than in the general
male population, with the exception of cancers of the

buccal cavity and pharynx. There was an excess of these
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cancers, which however was inversely related to exposure.

The explaration for this finding is not apparent.

II. INTRODUCTION .
The study was begun by Tabershaw/Cooper, Associates,.Inc. on
"June 15, 1973, under contrgct from the M;nufacturing Cﬁgmista Association.
The original eight month period ;f the contract was later extended by two
months, in consideration of logistical problems ari-ing from the number of
plants which participated in the study.
The objectives of the study are:
(1) To compare the mortality of individuals who have worked in vinyl
chloride plants with that of the general population;
(2) To compare mortality patterns within the population of vinyl
chloride workers, based upon estimated occupational exposure; and
(3) To compare mortality among vinyl chloride workers with the mor-
tality of other groups which TCA, Inc. has studied.
The study took the form of a historical probpectiﬁe mortality study.
The study population consisted of individuals who had Qorked for at least
one year in a job iﬁvolving exposure to vinyl chloride before December 31, 1972,
and included retired ;nd éerminated as well as active workers. For each such
worker the date of birth and an employment history were obtained, and the
vital status of the worker as of December 31, 1972, was ascertaiﬁed. For
those found to have died, those death certificates thaF were available
were obtained and the cause nf death determined. The observed mortality

was compared with that of the United States male population,

wow' 1056




I1I. SELECTION OF STUDY PLANTS

ThevManufacturing Chemists Association identified 43 United States
plants belonging to 19 companies, which either produced vinyl chloride or
used it in the prodﬁction of polyvinyl chloride, The name and address
of a responsible liaison person at each company and plant wﬁs rrovided =
to TCA, Ine. (Attachment A),

A brief questionnaire was sent to each plant to obtain an estimate
of the exposed population and to find out how far back in time personnel
records could be obtained, and to determine whether job histories were
available for retired and terminated workers (Attachment B).

All the plants responded., On the basis of the replies, four plants
were dropped from the study because they had begun operation after 1968,
It was felt that exposures in such plants would be too recent and too
brief to provide useful data. Study of one other plant was deferred be-
cause it had stopped production of vinyl chloride seven years ago, and
appeared to present difficulties in identifying an exposed population.

In addition, three more plants were excluded from analysis because,
when data analysis began, it was found that information from these plants
was defective in one of ‘several respects (e.g., no exposure data, no job
histories available for terminated employees, etc.).

The présent report therefore deals with 35 domestic plants involved

in either VCM or PVC production, which provided a study population of

8384 individuals.
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IV. DATA COLLECTION

In each plant, data were collected for each worker stated by the
-plant management to have been employed for at least one year in a job
involving exﬁosuré to vinyl chlori&e. In some plants, particularly those
producing the monomer, this determination could be made oﬂ the basis of .

jdb titles. Usually, however, exposure was a function of both job title

and the location of the job in the plant, so that the assessment of exposure

had to be made on a case-by-case basis by plant officials.

Data were collected for as far back in time as complete records were
kegt., In most cases this covered the entire history of the plant. In
otl»rs, records were kept for a fixed period such as a decade, In a few,
records were kept for different periods, depending on whether the worker
had died on the -job or had left employment.

In the latter case it was necessary to exercise care in defining the
period for which study data were to be collected. For example, if a plant
kept records for five years on those who left epployment, but kept them
indefinitely for those who died on the job, no termination could be in-
cluded in the study unless it occurred within the last five years. Data
from the earlier period would be biased for the purpose of this study,
since a worker had to die to be in the records for the earlier pericd.

The policy therefore was to deterﬁine how long each kind of record was
kept (quit, discharged, retired and alive, retired and deceased, died
while employed) and to define the study period as rhe‘shortest of these.

One proﬁlem which arose in the PVC plants resulted from the fact that
a worker could transfer within the plant from expo;e& to non-exposed jobs.

Therefore, even though the number of workers in exposed jobs at a given

oW
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time may have been a small proportion of the total work forece, it was
necessary to search every worker's record to find those who might in the
past have had over a year's experience in exposed jobs. Several of the
PVC plante u;dertbok to conduet this search themselves.

As a result, plant data were collected in two ways. 'In some pIaﬁés,
a TCA, Inc., team visited the establisiment, copled the records designated
by management as representing exposed workers, and obtained sufficiently
detailed exposure estimates to produce a job history. In others, the
plants were provided by TCA, Inc. with standard forms which they filled
out for workers whom they identified as exposed. Three basic forms were
used, depending on whether the worker was known to be alive, known to be
dead, or was of unkncwn status. In all three cases a work history with
estimated exposure was recorded, the differences being in the ancillary
data required, Attachment C shows such a form for workers known o be
dead.
Approximately 5000 of the study.population,came from plants visited

by TCA, Inc., while the remainder came from plants which had filled out

the forms themselves.

V. THE MEASUREMENT OF EXPOSURE

The job history forms (Attachment C) were originally designed in the
expectation that vinyl chloride exposure on each‘job could be quantified
in parts per million. This proved generally to be impossible. However,
industrial hygiene and safety personmnel in each pléut'were able to identity
certain jobs and locations as involving the highest exposures in the plant,
and to classify other exposures as medium or low relative to the "high"

represented by the jobs with the greatest exposure. Therefore, the attempt

N
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to obtain objective exposure data was abandoned, and each exposed job in

the worker's history was scored 1, 2, or 3 to indicate low, medium or high
estimated exposure. .
This gross classification has two major failings, as a result 6f the

subjective nature of the estimates, Tﬂe first is thét the scores rep?éseut
estimated relative exposure within a given plant. It is therefore possible
that, in objective terms, a "high" score in one plant corresponds to a
"medium" or even "low" score in another. The second is that exposures in
most plants have tended to decrease over time, so that a worker with long
service may have had jobs in the remote past which involved "low" exposure
reiacive to other jobs at that time, but which might be "high" in comparison
with current exposures in the same job. This subjective classification is
therefore of queétionable validity 4n characterizing the exposure of a
given worker. For epidemiological purposes, however, those who have ﬁigh
scores can reasonably be expected, on the average, to have had the greatest
exposure, while those with low scores will have.had_the least, even though
the true exposure in each group may vary considerably from person to person.

. The estimated exposure history of each worker was summarized by calculat-
ing An Exposure In&ex (EI). This was done by multiplying the number of months
on each jop by the exposure score, totalling these overall exposed jobs, and

dividing by the total number of months of exposure,

VI. FOLLOW-UP OF STUDY POPULATION

A follow-up procedure was instituted for those who had left employment
and whose vital status could not be determined at the local plant. A portion

of the terminations was traced by mail, using a form letter sent to the last
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known address. Attachment D shows such a letter. If the letter was re-
turned as undeliverable, the procedure shgwn in Figure l was used to
obtain a current address. .

The ramainder of the terminations was traced thtbugh a retail gredit
bureau., The latter was also aone fo; a portion of-those who could not
be found by the mail follow-up.’

Approximately 5500 of the study population came from plants in which
direct mail follow up was employed. 1In the remainder of the population
follow-ups was by retail credit bureau. There was no significant
difference between the success rates of the two methodologiles.

Table 1 shows the vital status of the study population as of December 31,
1972, Follow-up is 85 percent complete, although follow-up data were
still being received at the time the files were closed for this report.
0f the 352 workers known to be dead, death certificates have been received
for all but 24,

The mortality calculations in the succeedipg-sections of this report
are based only on those workers who were successfully traced, which is
equivalent to assuming that mortality among those not found is the same
as among those wﬁo We;e found. 1In order to examine the reasonableness of
this assumption, the differences between those found and not found are

examined briefly as part of the following section,

VII. DESCRIPTION OF STUDY POPULATION

Table 2 shows the distribution of those successfully traced, by year
of birth and number of months of exposure. The median birth year was 1931
(compared with 1920 for those not found) and the median duratisn of employ-

ment in an exposed job was 80 months - 34 months in those not found). The
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shortest expoéures occur in both the oldest men, most of whoseworking
life was over when vinyl chloride came 1nto'genera1 use, and the youngest
men, whose date of hire was closer to the closing date of the study.

Although nearly half of the study population had less than 60 ;onths
of exposed employment, there wefe neveétheless 855 wérkers with 20 year;
or more exposure, and 1641 with 15 years or more.

Table 3 shows the distribution by duration of exposure and the year
in which exposure began. The median year in which exposure began was 1962
(versus 1953 for those not found). Notice that almost half the study
population first entered exposed employment in the decade 1960-69., This
reflects the fact that a great many plants first begar vinyl chloride
operations in that decade and means that these workers have not been
followed for an, substantial length of time after their exposure occurred.

Table 4 shows the relationship between duration of exposure and
Exposure Index (EI). The median Fi is 1.44 (1.75 for those not found).
There does not appear to be a close telationship between the EI and the
duration of exposure, that is, workers with a higher EI do no: differ
substantially in duration of exposure from those with a lower EI. One
implication is tha? in‘assessing the relationship between mortality and
exposure, both duration and level of exposure should be examined separate-
ly, as well as in combination

The data shown above for those not found indicataes that they were
born (and began their exposure) about 10 years before the group on which
follow-up was complete, and had about half the duraticn of employment
with a slightly higher EI. Typically, their employment in an exposed job

anded before 1960. The bulk of these workers came from older plants from
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which data were collected late in the study.

Although there appear co be nothing very unusual about this group
in terms of work history an. exposure, it is nevertheless true that thelir
exposﬁres took place further back in time than that of the group success-
fuiiy trac;d. It 1is thérefore possiﬁle that their mortality, after a
substantial latent periéd, might show a somewhat different pattern .of

mortality from the traced group.

VIII. CALCULATION OF RISK QF DEATH

The usual method of describing the risk of death in a study of this
-kind is to express the number of deaths which actually occurred as a
percentage of the number which would have been expected in a comparable
male population observed over the same age and time intervals. This
statistic is called the Standardized Mortality Ratio (SMR).

In order to calculate the number of expected deaths it is first
necessary to calculate the number of years for which each worker was
observed, and to classify these years of observation by the age intervals
into which they fell and the birth date of the worker;

Table 5 shows such a calculation for the 7128 vinyl chloride workers
ou whom follow-up was complete., This group represents 77,846 person-years
of observation. For example, the table shows that for workers born in the
years 1925-29, there were 2725 person-years of observation in the age
interval 30-34, and an easy calculation shows tha. these person-years were
lived in a period whose midpoint was about 1960, Therefore, the number of
deaths to be expected in this cell of the table is the number of deaths
occurring in 1960 among 2725 males aged 30-34 in a comparable non-exposed

populatica.
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In the present study the U, S. male population was used as the

standard of comparison, and the age-specific U. §. male death rates
for the appropriate ages and years were app}ied to-the corresponding
.cells 6f Table 5 to obtain the expected‘deaths.1 This was done for all
;auéeé of déath togethér; and {or éacﬁ of the 35 causes for which detalled
mortality rates a;e publ#shed'on a naticnal basis (omitting such causes
as breast cancer, congenital malformations, and diseases of infancy).

' Table 6 shows observed and expect;d deaths, and the SMR, for each
of these causes for the total ;tudy group. In calculating the SMR'E for
specific causes, the 24 deathe for which no certificates were found were
assumed to have the same cause distribution as those for which certificates
were available,

In the standard population, each SMR would be equal to 100. Therefore,
the statistical significance of the deviation of each SMR in the study
population from the expected value of 100 was tezted. A single asterisk
indicates those SMR's which differed significantly from 100 at the 5
percent level, that is, which had a probability of .05 or less of
occurring by chance, A double asterisk indicates those which were
significant at the 1 percent level. SMR's based on fewer than 5 observed

cases were not tested for significance.2 The practical interpretation of

these statistical statements will be examined below.

Each diagonal In Table 5 corresponds to experience centered around a
given year. For the first three diagonals (from left to right) 1950 rates
were used; for the mext three, 1955, 1959 and 1965 rates were used; for the
laut two, 1967 rates were used,

Large-sample tests of significance were d=rived from: hiang, C. L.,
"Standard error of the age-adjusted Geath rate," Vital Statistics
Special Reports, 47 (1961) pp 275-285.
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Table 7 shows the same SMR's for workers with an Exposure Index
below 1.5 versus those at 1.5 or aone. The dividing point of 1.5
represents a level halfway between "iow? and "medium."

Table 8 shows similar results for workers with less than 5 years
expasure versus those witb’S years or éore.

In order Eo examine the possiblé interaction between duration and
level of exposure, the study population was divided into 4 groups on
the basis of both EI (low vs high) and duration of exposure (short vs
long) using the same dichotomization as Tables 7 and 8.

- Table 9 shows the results for short versus long exposure in the low
EI group, and Table 10 shows the same comparison in the high EI group.

In each of the above tables, deaths for which certificates had not
been received were assumed to be distributed as a uniform percentage cf
all causes. The cause specific SMR's were therefore adjusted upward by
a percentage which varied in each subgroup. Table IT shows ths distri-
bution of uncertified deaths in each group, and the resulting percentage by

which the cause specific SMR's were Increased.

IX., ANALYSIS

The overall mortality of the study population is statistically
significantly lower than that of the U, §. male population. There were
352 observed deaths compared with 467 expected, for an SMR of 75.

Table 6 shows that no specific cause of death was statistically signi~
ficantly greater than expected. Several, particularly heart disease,
accidents and "other diseases' not detailed in the tables, were significantly

below their expected values,
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When the study population is divided according to length and duration

of exposure (Tables 7 and 8) and combinations of these measurements
(Tables 9 and 10) three major patterné emerge,

For malignant neoplasms as a whole, the SMR increases with increasing
exposure, whether measuréd,by level, duration, or both. 1In the high ex-
posure group Qi;h 5 years -or more exp;sure (Table 10) there are 26 observed
cases and 26.11 expected.

For cardiovascular - renal diseases as a group, there are also increases
in the SMR with increasing exposure, but the number of observed cases remain
less than expected, the differences being statistically significant in all
groups except the high exposure, long duration group in Table 11,

For all other causes, there are no consistent relationships with exposure.

Within the malignant neoplasms, the largest (although not statistically)v
significant SMR 1s in cancers of the buccal cavity and pharynx, with §
observed, 2.84 expected, and an SMR of 189. However, Tables 7 to 10 show
that all these cases have Exposure Indexes below 1.5, and 4 out of the S
have less than 5 years exposure,

Cancer of the digestive system shows no excess in the study population
as a wvhole. However, in those workers with Exposure Indexes of 1.5 or
higher, there are 12 observed cases where 9.14 are expected (table 7). 1In
the subgroup of the above workers with 5 years or more exposure, there are
11 observed cases and 7.47 expected.

Respiratory cancer shows a slight excess in the total group, and a
similar pattern for different exposure categories, with 13 observed versus
10.28 expected when the Exposure Index is 1.5 or higher, and 12 observed

versus 8.50 expected when, in addition, the duration of exposure is 5 years
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" or more.

Malignant neoplasms of other and unspecified sites show an excess in
the total group, and an increase witﬁ both level aﬁd duration of exposure
.(Tables 7 and 8). The relationship with exposure is more pronounced, since
those with eiposures of less than 5 years have fewer cases than expected.

The lyﬁphosarcomas,'although oécurring at about the expected rate when
the whole group is considered, are concentrated almost entirely in the high
exposure long duration group. .In that category there are 4 cases observed
and 1.84 expected.

Cancers of the genital and urinary organs, and leukemia, have fewer

cases than expected. The number of cases is too small to examine any trends.

X. DISCUSSION

The favorable overall mortality of the study population is a phenomenon
commonly observed Jn working populations. Studies of several occupational
groups have shown that, even if there is an occupational hazard which greatly
increases the risk of death from a particular cause, the overall mortality
may well be favorable, Table 12 shows the SMR's obtaiﬁed in a number of
recent studies of other occupational groups. Although for technical reasons
these SMR's are not strictly comparable, the overall mortality in the present
study 138 clearly favorable.

SMR's which are higher than expected may be worthy of attention
even if they are not statistically significant. This is especially true in
the present study since the number of deaths from many causes is quite small,
and even a relatively high SMR may not reach statistical significance.

If, in addition, a particular cause shows a consistent pattern of

increase with exposure or estimated exposure, the findings are particularly
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Interesting.

By these criteria, mortality ffom digestlve cancer, respiratory cancer,
cancer of other and unspecified siteé, and lymphosércoma, appear to be related
'to exposure as estimated in this study.

| In view of the,assﬁciation between vinyl chloride exposure and angio~
sarcoma of tﬁe-liver, the digestive ;ancers were examined further to ‘see
what contribution angiosarcoma made to the observed mortality pattern.

0f the 19 digestive cancers, 7 were liver cancers, of which two were
anglosarcomas acrording to the death certificate. However, among angiosarcoma
déaths in vinyl chloride workers identified by other investigators, there
were 6 which occurred in the present study population during the study
period. They were all found in the course of the stu&y, but 4 were listed
on the death certificate as due to causes other than angiosarcoma. Table 13
shows these deaths with the death certificate cause.

If there had been no angilosarcomas, Table 13 shows that the total number
of digestive cancers in the high exposure group would have dropped to 8, and
the number with high exposure and 5 years or more exposure would have dropped
to 2, so that the mortality pattern in this cause group is due entirely to
angiosarcoma.

The other cause group worth further investigation is cancer of
other and unspecified sites, both because it is a heterogeneous category and_
because it seems, unlike the other cancers, to be more related to duration than
to level of exposures.

Table 14 shows a list of the specific causes included in this category,

which is essentially brain cancer and genzralized cancer with primary site
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unknown., About 40 percent of the observed deaths were due to brain cancer.

In the general male population, about 22 percent of this category is due to
brain cancer, so that not only is thg mortality from this cause excessive, but
braih cancer is overrepresented.

' The possi#i;ity'egists based oﬁ the lack of specificity of some of the
listed cadseé that some of the briin cancers were not primary, but-metasgases
from another unidentified site such as the lung.

The cancers of the buccgl cavity and pharynx are difficult to explain
because of their occurrence in the low exposure - short exposure group. It
' is possible that this is a chance occurrence, or that exposures to other

substances were involved.

XX, POSSIBLE BIASES IN THE CALCULATION OF RISK

There are three areas in which blas could have entered the calculation
of the above SMR's. The first is the choice of the U. S, male population as
a standard. The second is the absence of 15 percent of the population who
were not found, The third i1s the discovery, as-the study ended, of a group
of 1500 workers whose exposures occurred up to 35 yeafs ago, and who are not
included in the study group.

The choice of the U. 5. male population was not entirely appropriate.

The study population was concentrated almost entirely in the Eastern half of
the United States, whose normal mortality is slightly higher than that of

the whole country. This implies that the correct expected values should

have been slightly higher than the ones which were used, and the corresponding
SMR's slightly lower, This has no practical significance except for those
malignancies in which the SMR's were above 100, However, regional differences
in mortality from those causes 1s such that these SMR's would have been at

most 1.5 to 3 percent lower, with no substantive difference in the results,
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The workers who could not be traced .may concefvably contain a dispropor-
R tionate number of deaths, which could increase the overall SMR. It appears ua-
likely that the distribution of causes wouid be substantially different. Hoﬁ—
" ever, withbpt actual data in hand, the possibility cannot be ruled out that
either some new causes if death might become significant, or that some of the
relationships found in £h13 étudy'might be diluted,
The same comments apply even more to the group of 1500 workers discovered
too late to be included in the study group, since they would provide data in

precisely the area (very long exposure and long latency) in which the present

study is relatively weak,
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. Table 1

Follow-up Status of 8384 Vinyl Chloride Workers

Total Alive - Dead Urnknowm Death Certificates

: Ree'd. Not Rec'd.
Number 8384 6776 352 1256 328 24
Percent 100,0 80.8 4.2 15.0 92.7 7.3

April 15, 1974




Table 2

Distribution of Months in Exposed Employment by Birth Year,
for 7128 7Tinyl Chloride Workers with Completed Follow-up

Year of Months of exposure

birth Total <60 60-119 120-179 180-239  240-299  300-359 360-419 | Unknown
1875-79 1 1

1880-84 S 2 2 1

1885-89% 7 1 3 3

1890-94 21 3 7 9 2

1895-99 38 10 4 9 12 2 1
1900-04 89 9 13 21 22 17 6 1
1905-09 214 33 27 35 37 43 34 .3 2
1910-14 4n4 79 62 58 72 73 43 . 15 2
1915-19 648 145 96 . 80 120 105 84 13 "5
1920-24 897 . 229 191 98 143 160 64 8 4
1925-29 940 276 214 118 T 169 139 20 4
1930-34 877 287 252 128 181 26 3
1935-39 936 454 378 120 27 7
1940-44 1169 664 481 16 8
1945-49 700 632 66 2
1950-54 132 132
Total 7128 2955 1706° 697 786 565 25 39 39

April 15, 1974
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Table 3

Distributfon of Months in Exposed Employment by Year
in Which Exposure Began, for 7128 Vinyl Chloride Workers with Completed Follow-up

Year Exp. Months of Exposure

Started }Total <60 60-119 120-179  180-239  240-299  300-359  3606-419 | .Unknown
1930-39 35 2 4 1 [ 6 13 5

1940-49 1048 135 93 119 151 277 237 34 2

1950-59 1962 389 257 383 631 282 . ) 20

1960-69 3368 1714 14642 195 17

1970-71 715 715

Total 7128 2955 1796 698 786 565 250 39 39

april 15, 1974
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Table &

Pistribution by Months of Exposed Employment and
Exposure Index
for 7128 Vinyl Chloride Workers with Complete Follow-up

Exposure Months of exposure
Index .
Total <60 60-119 120-179 180-239  240-299 300-359  360-419 .| Unknowm
1.0-1.4 |} 4G32 1715 1125 402 406 274 92 is
1.5+ 3057 1240 671 295 180 291 159 21
Unknown 39 EE]
Total 7128 2955 179 697 786 565 251 39 ki)
May 2, 1974




Table 5

Person Years of Observation by Year of Birth and
Age for Vinyl Chloride Workers

Totals Year of Birth
190511910]19158
1909 {1914 {1919

405316710 {11038

39

32| 335
264 11054
69711685
1028 |2044
122612631
1574 12768
1636] 482
253

April 15, 1974
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TABLE 6 '
. ) b rlx
OBSERVED DEATHS/EXPECTED DEATHS AND STAND-~RDIZED MORTALITY RATIOS IN VINYL CHLORIDE WORKERS . é;
B
Cause of death with I1,C.D. number =
obs/exp smxl -
'
All causes 352/467.28  75** e
F O}
Tuberculosis (001-019) /5.1 19
Tuberculosis of respiratory system (001-008) 1/5.34 25
Malignant neoplasms (140-205) 79/77.16 110 5
Mslignant neoplasms, buccal cavity and pharynx (340-148) 5/2.84 189 ]
Malignant neoplasms, digestive organs and peritoneum (150-159} 19/21.67 94
Malignant neoplasms, respiratory system (160-164) 25/23.93 112
Malignant neoplasms, genital organs (170-179) 3/3.55 91
Malignant neoplasms, urinary organs (180-181) 1/3,60 30
Mazlignant neoplasms, other and unspecified sives (190-199) 17/11.75 155
Leukemia and aleukemia (204) 3/3.77 85
Lymphosarcoma, lymphatic and hematopoietic tissues (200-203, 205) 6/6.086 106
Diabetes mellitus (260} 7/6.31 120
Hajor cardiovascular and renal diseases (330-334, 400-468, 592-594) 155/207.46 8o*™
Vascular lesions affecting (NS (330-334) . 13/24.48 s7*
BRheumatic fever & chronic theumatic heart dis. (400-402, 410-416) 5/6.87 . 18
Arterlosclerotic heart disease (420) 121/137.33 95
Nonrheumatic endocarditis (421, 422) 1/6.58 16
Hypertensive heart disease {440-441) 379.33 35
Other hypertensive disease (444-447) 3/2.60 124
Chronic & unspecified nephritis & renal sclerosis (592-594) 0/4.27 0
Influenza and pneumonia (480-493) 7/9.96 sa*
Ulcer of stomach and duodenum (540,541) 2/3.83 56
appendicitis (550-553) 0/0.66 1]
Hernia and intestinal obstruction (560, 561, 570) 1/1.51 71
Gastritis, duodenitis, enteritis and colitis (543, 571, 572) 1/1.31 82
Cirrhosis of liver (581) 3/15.60 23
Hyperplasia of prostate {610} 0/0,39 0
Symptoms, senility and ill-defined conditions (780-795) 1/7.34 15
All other diseases (residusl) 21/45.78 L9
Motor velicle accidents (810-835) 17/32.70  56**
Other accidents (800-802, 840-962) 18/30.64  63**
Suicide (963, 970-979) 16/16.83 102
Homicide {964, 980-985) 1/11.98 9
Number of workers 1128
Person-years 771846

omm's adjusted for deaths with cause unknown.

*stgnlflclnt at 5% level.
Wrsignificant at 1% level.

May 2, 1974

See Table 11,
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TABLE 7

OBSERVED DEATHS/EXPECTEVD DEATHS AND STAND.RDIZED MORTALITY RATIOS IN VINYL CHLORIDE WORK;RS,

BY ESTIMATED LEVEL C? EXPOSURE

E1>1.5

Cause of death w.*h I.C.D, number -ETI <1.5
obs/exp smrl obsfexp supl
All causes 188/270.33| 70%* [157/195.68 { -g0™*
Tuberculosis (001-019) 0/3.38 0 0/2.33 a
Tuberculosis of respiratory system (001-008) 0/3.16 0 0/2.18 0
Malignant neoplasms {140-205) A7/744.28 90 41/72.67 134
Malignant neoplasms, buceal cavity and pharynx (l40-148) 5/1.62 330 il [}
Malignant neoplasms, digestive organs and peritoneum (150-159) 7/12.50 6n* 12/9.14 141
Malignant neoplasms, respiratory system (160-164) 11/13.56 86 13/10.28 | 135
Malignant neoplasms, genital organs (170-179) 2/2.30 93 1/1.43 75
Ma'ignant neoplasms, urinary organs {180-181) 1/2.07 51 0/1.52 n
Malignant neoplasms, other and unspecified sites (19n-199) 9/6.57 146 8/4.52 190
Leukemfa and aleukemia (204) 1/2.18 49 2/1.57 136
Lymphosarcoma, lymphatic and hematopoietic tissues (200-203, 205) 1/3.48 n 5/2.54 212
Diabetes mellitus (260) 5/3.65 146 . 2/2.65 al
Major cardiovascular and renal diseases (330-334, 400-4568, 592-594) 84/120.11 15** 69/86.99 85*
Vascular lesiocns affecting QNS (330-334) 7/14.42 52%* 6/10.06 64
Rheumatic fever & chronic rheumatic heart dis. (400-402, 410-416) 3/3.98 80 2/2.85 75
Arteriosclerotic heart disease (420) 68/78.94 92 51/58.05 95 .
Ronrheumatic endocarditis (421, 422) 04,20 0 1/2.89 Kk}
Hypertensive heart disesse (440-443) 1/5.48 19 2/3.86 56
Other hypertensive disease (444-447) i/t.52 in 2/1.07 201
Chroniec & unspecified nephritis & renal sclerosis (592-594) 0/2.50 0 0/1.77 0
Influenza and pneumonia (480-493) 5/5.80 92 Nfa.13 ¢
Ulcer of stomach and duodenum (540, 541) 1/2.21 48 1/1.60 68
Appendicitis (550-553) 0/0.39 0. 0/0.27 0
Hernia and intestinal obstruction (560, 561, 570) 0/9.88 0 1/0.63 121.
Gastritis, duocdenitis, enteritis and colitis (543, 571, 572) 0/0,76 . 1/a.55 196
Cirrhosis of liver (581) 2/8.90 23 1/6.64 16
Hyperplasfia of prostate {61n) n/n.25 0 0/0. 14 0
Symptoms, senility and ill-defined conditions (780-795} 0/4.,22 0* 1/3.09 34
All other diseases (residual) 14/21.90 68 6/15.89 | 41¥
Motor vehicle accidents (810-835) 8/19.08 45 9/13.46 | 72
Other accidents (800-802, 840-962) 11/17.83 66™ 612,67 so™*
Suicide {963, 970-979) 9/9.73 98 7,0.02 107
Homicide (964, 980-985) 0/6.98 0 1/4.94 21
Humber of workers 4032 ans57
Parson-years 45354 32108

lsm's adjusted for deaths with cause unknown.

See Table 11,

Signi ‘fcant at 5% leval,
Whoianificant at 1% levol,

May 2, 1974
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z TABLE 8
OBSERVED DEATIUS/EXPECTED DEATHS AND STAND.RDIZED MORTALITY: RATIOS IN VINYL CHLORIDE WORKERS -
BY DURATION O¥ EXPOSED EMPLOTMENT .
= ¥
f Cause of death with I.(.D. number £60 months 260 months
: obs/exp surl obsfexp ~ sl
All cauces 94/140.53| &7**| 251/329.30| 76**
Tubyrculosis (001-019) 0/2.23 0 0/3.55 0
Tuberculosis of respiratory system (001-008) n/2.07 0 n/3.33 0
Msiignant neoplasms (140-205) 13/19.96 78 65/57.61. | 116
Malignant neoplasms, buccal cavity and pharynx (140-148) 470,70 688 1/2.16 47
JJalignant nscplasmas, digestive organs and peritoneum (.50-159) 2/5.26 46 17/16.56 106
Malfgnant neoplasms, respiratory system (160-164) 3/5.52 65 21/18.51 | 116
Malignant neoplasms, genital ergans (170-179) 0/0,99 n 3/2.76 112
Malignant neoplasms, urinary organs (180-181) 0/0.83 n 172,79 7
Malignant neopiasms, other and unspecified sites (190-199) 2/3.40 71 15/8.23 187
Leukemia and aleukemia (204} 1/1.25 96 2/2.53 31
Lymphosarcoma, lymphatic and hematopoietic tissues (200-203, 205) 1/7.01 60 T 574,07 126
Diabetes mellitus (260) 2/ .80 134 5/4.54 113
Major cardiovascular and renal diseases (330-334, 400-468, 592-594&) /51,45 65**| 125/157.39] @1**
Vascular lesions affecting CNS (330-334) 4/5.97 {. 81 " 9/18.71 L9tk
Rheumatic fever & chronic rheumatic heart dis. (400-402, 410-416) 2/2,39 101 3/4.53 68
Arteriosclerotic heart disease (420) 21/32.54 78* 98/175.39 96
Nonrheumatic eandocarditis (421, 422) 0/1.79 0 1/5.35 20
Hypertensive heart disease {(440-447) 1/2.42 49 2/7.01, 30
b Other hypertensive disease (444-447) 0/0.79 0 3/1.8L 170
s Chronic & unspecified nephritis & renal sclerosis (592-594) 0/1.55 1] 0/2.76 0
i Influenza and pneumonia (480-493) 3/2.93 127 2/7.7% 29
4 Ulcer of stomach and duodenum (540,541) 1/1.07 112 1/2.78 37
" Appendicitis (550-553) 0/0.24 1] GIn.43 Q
Hernia and intestinal obstructfon (560, 561, S570) 0/0.42 0 1/1.10 93
Gastritis, duodenitis, enteritis and colitis (543, 571, 572) 1/0.40 30t 0/n.92 0
Cirrhosis of liver (581) . 1/4.49 26 2/11.18 18
Hyperplasia of prostate (610) 0/0.07 0 0/0.33 0
Symptoms, senility and {ll-defined conditions (780-795) 172,38 57 0/5.09 0
All other diseases (residual) 4/11L.97 40 16/26.34 63%
Motor vehicle accidents (810-835) 10/16.14 75 7/16.65 43"
. ] Other accidents (800-802, 840-962) 7/12.9 65* 10/17.82 | sg*
B Suicide (963, 970-979) 6/6.34 114 10/10. 28 100
= Homicide (964, 980-985) 1/5.80 2n U/€.20 0
g Number of workers 2955 . 4134
E% Person-years 35201 T 43240
“z_.
lsmr's adjusted for deaths with cause unknown. See Table 11.
reb *significant at 5% level.
y o wksignificant at 1% level.
: g
iES May 2, 1974 .
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TABLE 9

OBSERVED DEATHS/EXPECTE? DE.\THS iND STANDARDIZED MORTALITY RaTIOS IN VINYL CHLORIDE WORKERS
WITH EXPOSURE INDICES BELOW 1.5, BY DURATION OF EXPOSED EMPLOYMENT .

Cause of death with I.C.D. number

¢60 months exposurf

260 months exposure

obs/fexp SMR obs/exp smrl
All causes 56/89.23 €3**| 1327181.28| 73**
Tuberculosis (N1-019) 0/1.41 a ©0/1.97 0
Tuberculosis of respiratory syatem (001-008) 0/1.31 0 n/1.85 )
Malignant neoplasms (140-205) 8/12.86 73 29/31.46 95
Malignant neoplasms, buccal cavity and pharynx (140-148) 4/0.45 1036 1/1.17 a8
Mali{gnant neoplasms, digestive organs and peritoneum {(150-159) 1/3.43 34 '6/9.08 68
Malignant neoplasms, respiratory system {160-164) 2/3.58 6° 9/10.00 93
Malignant neoplasms, genital organs (170-179) 0/0.62 0 . 2f1.62 127
Malignant neoplasms, urinary organs (180-141) 0/0.55 0 1/1.53 67
Malignant neoplasms, other and unspecified sites (190-199) 1/0.97 120 B/4.43 187
Leukemia and aleukemia (204} 0/0.79 n 1/1.40 i3
Lymphosarcoma, lymphatic and hematopoietic tissues (200-203,205) 0/1.26 0 1/2.23 46
Diabetes mellitus (260) 2/1.15 203 3/2.50 124
Major cardiovascular anc' renal diseases (330-334, 400-468, 592-594) 21/733.38 73+ . 03/86.82 F5*H
Vascular lesions affecting CHS (312-334) 2/3.93 59 5/10.51 49%
Rheumatic fever & chronic rheumatic heart dis. (40G-402, 410-416) 2/1.50 155 1/2.¢3 41
Arteriosclerotic heart disease (429) 16/21.14 B8 52/%°.87 93
Nonrheumatic endocarditis (421, 422) 0/1.18 0 C0f3.02 0.
Hypertensive heart disease (440-443) 1/1.58 4 0/3.%90 0
Other hypertensive disease (444-447) 0/0.50 i} 1/1.02 101
Chronfic & unspecified nephritis & renal sclerosis (592-594) 0/0.97 0 6/1.53 0
Influenza &nd pneumonia (480-493) 3/1.86 188 2/3.95 53
Ulcer of stomach and duodenum (540, 541) 0/0.68 0 1/1.53] 67
Appendicitis (550-553}) nf{o.15 0 0f0.24 ]
Hernia and intestinal obstruction (567, 5b1, 570) 0/0.27 0. 0/0.61 0
Gastritis, duodenitis, enteritis and colitis (543, 571, 572) 0/0.26 0 0/0.51 g
Cirrhosis of liver (581) 1/2.80 &z . 1/6.09 16
Hyperplasia of prostate (610) 0/0.0% 0 0/0.20 0
Symptoms, senility and ill-defined conditfons (780-795) 0/1.43 0 0/2.7% 0
All other diseases (residual) 417.45 63 10/12.92 79
Motor vehicle accidents (810-835) 3/9.87 35 5/9.22 56
Other accidents (800-802, B40-962) 3/7.98 44 8/9.85 83
Suteide (963, 970-979) 31/4,08 a6 6/5.66 109
Homicide (964, 980-985) 0/3.55 0 0/3.43 0
Number of workers 1715 2317
Person-years 21418 23920

lsvm's adjusted for deaths with cause unknown.
:glgnificant at 5% level,
Significant at 1% level,

May 2, 1974

See table 11,
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TABLE 10

OBSERVED DEATHS/EXPECTED DEATHS «ND STANDARDIZED MORTALITY RATIOS IN VINYL CHLORIDE WORKERS
WITH EXPOSURE INDICES OF 1.5 OR GREATER, BY DURATION OF EXPOSED E!PLOYMENT

Cause of death with 1,.C.D. number

<60 montlhs exposure

260 months exposure

obs/exp SMR otsfexp SMRl
All causes 38/47.93 79 119/147.81| 81*
Tuberculosis (001-019) 0/0.76 0 8/1.57 g
Tuberculosis of resporatocy systea {001-008) 0/0.71 1] 0/1.48 o
Malignant neoplasms (140-205) 5/6.57 96 36/26.11 141
Malignant neoplasms, buccal cavity and pharynx (140-148) 0/0.23 o 040,99 0
Malignant neoplasms, digestive organs and peritoneum (150-159) 1/1.67 76 11/7.47 151
Malipgnant neoplasms, respiratory system (160-164) 1/1.79 71 12/8.52 144
Malignant neoplasms, genital organs (170-179) 0/0.29 0 1/1.41 73
Malignant neoplasms, urinary organs {180-181) 0/0.26 o - 0/1 26 0
Malignant neoplasms, other and unspecified sites (190-199) 1/1.18 107 173,51 204
Leukemia and aleukcnia (204) 1/0.44 283 1/1.13 90
Lymphosarcoma, lymphatic and hematopoietic tissuas (200-203, 205) 1/0.71 178 4/1.84 222
Diabetes mellitus (260) 0/0.61 0 272.04 100
Major cardiovascular and renal diseases (330-334, 400-468, 592-594) 7/16. 54 S4%* 62/70.46 90
Vascular lesions affecting ON5 (330-334) 2/1.87 135 4/8.19 50
Rheumatic fever & chroaic rheumatic heart dis. (400-402, 410-416) 0/0.82 0 2/2,04 100
Arteriosclerotic heart disease (420} 5/10.41 61* 46/47.65 98
Nonrheumatic endocarditis (421, 422} 0/0.57 ¢ 1/2.32- 44
Hypertensive heart disease (440-443) 0/0.76 0 - 2/3.10 66
Other hypertensive disease {(444-447) 0/0.27 0 2/0.81 253
Chronic & unspecified nephritis & renal sclerosis (592-594) 0/0.54 1] 0/1.23 ‘0
Influenza and pneumenia (480-493) 0/0.99% 9 0/3.13 0
llcer of stomach and duodenum (540, 541) 1/0,35 362 0/1.25 .0
Appendicitis (550-553) 0/0.08 0 0/n.19 o
Hernia and intestinal obstruction (567, 561, 570) 0/0.14 0 1/0.49 209
Gastritis, duodenitis, enteritis and colitis (543, 571, 572) /0,14 904 0/0.41 0
Cirrhosis of liver (581) 0/1.56 0 1/5.08 20
Hyperplasia of prostate (610) 0/0.01 [+ 3 0/0.13 0
Symptoms, senility and ill-defined conditions (780-795) 1/0.80 158 0/2.30 o
All other diseases (residual) 0/4.02 0 6/11.88 | s51*
Motor vehicle accidents (B10-835) 7/6.05 146 2/7.43 28
Other accidents (800-802, 840-962) 476,73 to7 2/7.96 26
Suicide (963, $70-979) 3/2.40 158 4/4.62 a8
Homicide (964, 980-985) 1/2.18 58 0/2.76 0
Number of workers 1240 1817
Person-ycars 12828 - 19305

I1SMR's adjusted for deaths with cause unknown. See Table 11.
*Significant at 5% level.
**S!gniflcant at 1% level.

May 2, 1974




Table 11

Distribution of Deaths by Exposure Category
and by Whether Cause of Death Was Determined,
and Correction Factors Used for SMR Calculations

Exposure Cuategories
Exposure Index | Total Exposure } Exposure Index and Total Exposure
Time in Months in Months .
<1.5 21.5 <60 260 <1.5 €1.5 21.5- 21.5
& <60 & 260 & <60 & 260

All causes 188 94 251 56 132 38" 119

Cause known 328 176 146 78 244 : 48 128 30 116

Cause unknown 24 12 11 16 7 8 4 5§ - 3

Percent increase 7.3 6.8 7.5 20.5 2.8 16.6 3.1 26.6 2.5 §
in SMR's

*Deaths in exposure categories do not add up to deaths in total category because
7 deaths had unknown exposure data, and one of those was of unknown cause.

May 2, 1974
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Results of Follow-up in Sevefa1_0ccupationa1 Groups

. Study Population

Table 12

Number Years of

~ Observed Observation

SMR
All causes

Reference

Asbestos building
product workers

Asbestos friction
material workers

Asbestos textile
plant workers

Cotton textile
" workers '

White underground
uranium miners

Steelworkers

Asbestos insulation
workers > 20 years

Coke oven workers

Asbestos maintenance
service, etc.

Asbestos insulation
workers > 20 years

Asbestos insulation
workers

Uranium mill workers
Lead smelter workers

Lead battery plant
workers

Petroleum refinery
workers

May 3, 1974

12,402  1951-1963
7,510 o
1,843 "
6,281 "
3,414  1950-1967

59,072  1953-1961

250  1946-1965
4,661 1951-1966
438 1941-1969
370 1963-1971
17,800 1967-1971
662  1950-1967

2,352 1946-1970
4,680 1946-1970

18,916 1962-1971

89
89
121

88

159

82

140

98
124
198

136
99

107
99

68

Enterline &
Kendrick, 1967

Enterline &
Kendrick, 1967

Enterline &

Kendrick, 1967

Enterline &
Kendrick, 1967

Lundin et al,
1969

Lloyd & Ciocco, 1962

Tabershaw et al,
1970

Richmond et al, 1972

Enterline et
al, 1972

Hammond &
Selikoff, 1972

Hammond &
Selikoff, 1972

Archer et al, 1973

TCA, Inc., unpublished
TCA, Inc., unrablished

TCA, Inc., anpublished

v 1083
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4259

4255

5765

7303

7375

7385

April 15, 1974

Table 13

Anglosarcoma Deaths in VCM Epidemiology Study Population

Age at Death
54

60
45
38

52

43

Mos.

Exposed
203

28t

167

174

238

214

Cause as Given
Cirrhrsis of liver (sev. weeks)

Bleeding from hepatoma (3 days)
{Laennecs cirrhosis)

Angiosarcoma rt. lobe of liver
(10 mos.)

Liver failure (1 mo.)

Cancer of liver, primary (15 mos.}

Cardiac tampanade and massive left
hemothorax {mins.)

Wid-ly metastatic angiosarcoma
of liver (4 mos.) '

Hepaktic failure
Primary ecarcinoma liver

Autopsy
_Yyes

‘yes

yes

yes

R o a R S i B
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Table 1k '

Other Malignancies (190-19", I.C.D.} in VCM Epidemiology Study Population

Study ¥o. Age at Death  Mos. Exposen Cause as Given Autopsy

2744 38 186 Widespread metastatic melanoma yes

(1 yr.)
Malignant melanoma of back

S R R AR RN |

Malignant melanoma with widespread
metastases

Brain tumor (carcinoma) (8 mos.)

Meningitis and pneumonitis (5 wks.)
Ependymoma, fourth ventricle-brain
(2 mos. post-op craniotomy}'

Astrocytoma, malignant-left cerebral
hemisphere (1 yr.)

Carcinoma of the brain
Arteriosclerosis
Pneumonia due to static congestion

p——yyrTD
S e

Brain tumor, glioblastuwa multifdrme
(18 mos.)

517 5

AN VO

et

Brain tumor, malignant (2 mos.)

L gy
2

4 A R R W

Brain tumor, malignant
Thyroid carcinoma with metartases

Carcinomatosis
Carcinoma vertebral body

DL i
Rt

,_‘;!Z . ;.c*.p'-%:‘




Table 1h
Other Malignancies (cca:.)

Study No.' Age at Death Mos. Exposed

5246 67
2850 64
4778 54
4786 61
5783 69
7301 55

April 15, 1974

98 0T /\5\. N

201

193

300

318 .

166

© 133

Cause as Given

Autopsy

Liposarcoma with metastasis (3 mos.) yes

Carcinomatosis, primary region not

known

{Past history, rheumatoid arthritis,

myocardial infarction)

Cardiac arrest (1l hr.)

Respiratory arrest and cerebral
hypoxia (2 days)

Widespread metastatic carcinoma
(2 mos.)

Generalized metastasis undiffer-
entiated (7 mos.) '
Squamous cell carcinoma, primary

site undetermined

Metastatic carcinoma of abdomen
Critical site undeterminad
(Pulmonary emphysema)

Carcinomatosis (4 mos.)
Primary site undetermined

* no

‘*yes -

To
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Tablc 15

Malignant Neoplasms of Buccal Cavity and Fharynx (l140-148, I1.C.D.)
in VCM Epidemiology Study Population
Study Ko. Age at Death Mos. Exposed Cause as Given Autopsy

3003 3 49 Carcinoma of lip with metastasis . no
to lung and neck (5 yrs.)

s g R T

3431 56 30 Pulmonary edema (50 min.) " no
Pulmonary metastases
(Carcinoma, epidermoid, tongue and .
mandible} )

Joni 37 71 Metastatic squamous cell ca, - - yes
primary lesion palate

7365 54 40 Atelectasis due to metastasis to ' yes
mediastinum (4 mos.)
Multiple malignant metastases to
brain, liver & mediastinum (1 yr.}
Adeno-carcinoma of nasal pharynx

(2 yrs.) ¢
3354 63 26 Massive hemcrrhage into tracheo- yas
tree : .

Status post laryngo-pharyngectomy,
left radial neck dissectiosn

Well-differentiated keratianizirg
squamous cell carcinoma of left
pyriform sinus {mos,)

April 15, 1974
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Manufacturing Chemists Association VCM Epidemiology Study

Parent Corporation

Plant Designation

Address

Telephone ( ) ~ ext.
TABERSHAW-COOPER ASSOCIATES' CONTACT FOR SUBJECT STUDY:

Name

Title

Mailing Address

Street Address (please identify with sufficient precision
to serve as a taxi-driver's instruction)

Telephone ( )

Signed

Name

Title

Company -

Address

Telephone _ { )) axt.




Tabershaw-Cooper Associates, Inc.
2180 Milvia St., Suite 104
Berkeley, California 94704

Manufacturing Chemists Association VCM Epidemiological Study

Plant No.

1.

2.

3.

When did this plant begin work involving vinyl chleride?

What is the approximate size of the current work force,

exclusive of secretarial and office personnel?

Approximately how many of these are employed in jobs in-
volving some exposure to vinyl chlaride:

Please answer the appropriate one of the following
questions about your retirement plan.

a. No retirement plan
b. Voluntary plan, begun in
c. Required of all empiloyees, begun in

d. Now required, formerly voluntary.
Voluntary plan begun in

Required plan begun in

Raemarks:

RN

Please answer the applicable questions below about

retention cf records, How long are personnel records

kept .

a, for those who retired but were not covered by a
retirement plan?

b, for thcse who retired under a retirement plan and
have dicd?

¢. for those who quit or were discharged?

d. for those who died while employed?

AW A MYRUIEAIY N

.
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Tabershaw~Cooper Associates, Inc.

page 2

6. Do the personnel records which are retained contain a
record of job titles and dates i job title changes for

the individual concerned?

7. Please list the job titles in the current work force

which involve some exposure to vinyl chloride.

ATTACHMENT B (cont.)

DOV 109\




VCM Epidemiological Study - Individual Work Histoery

1. Date of birth Status at time of death:
. 5. Employed

Form B - Workers known to have died (please attach copy of death certificate)

2, Date hired

6. Retired (give date)

3. Date of death
. 7. Terminated (give date)
4, Place of death

8. If death certificate is not available, please givé name of worker
so that death certificate can be obtained. No contact will be made
with relatives or attending physician,

Job history with estimated exposure

Title Check estimated exposure in ppm

450 50-199 200-500 7500

|

L R e L T L e R A L T T A,

R e e S e A SR e A T R A e S R e ko e A A e e e e e e U AR YR e e AN R R A AR T e e e A




