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EPIDEMIOLOGICAL STUDY OF VINYL CHLORIDE WORKERS
Final Report - May 2, 1974

I, SUMMARY

Eight thousand three hundred and eighty four men who had had at least
one year of occupational exposure to vinyl chloride before December 3I,
1972, were followed in a historical prospective mortality study. The
major findings of the study are:

1. The overall mortalitywaf the study population was Yo

approximagely 75 percent of what would be expected in a

comparablé population of U, S. males.
2. No cause of death showed a statistically significant

excess over what wo&ld be expected in a comparable U. S.

male population. .
3. No new deaths identified as angiosarcoma of tﬁe liver were

found.
4, All previously known Anglosarcoma deaths in the study

population during the study period were found as part

of the routine study procedure,
5. Cancers of the liver (primarily aﬁgioéarcoma), respiratory

system, brain, and cancers of unknown primary site, as

well as lyﬁphosarcoma, 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.
6. Other cancers occurred at lower levels than in the general

male population, with the exception of cancers of the

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

The explanation for this finding 1s not apparent.

II. INTRODUCTION
The study was begpn by Tabershaw/Cooper, Associates, Ine. on
June 15, 1973, under contract from the Manufacturing Chemists Associdtion.
The originél eight month period ;f the contract was later exténded by twe
. months, in consideration of logistical problems arising from the number of v
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 populétion of vinyl
chloride workers, based upon estimated occupational exposure; and
(3) To co@pare mortality among vinyl chloride workers with the ﬁor—
tality of other groups which TCA, Inc. has studied.
The study took the form of a historical prospective mortality study.
The study population consisted of individuals who had worked for at least
one year in a job involving exposure to vinyl chloride before December 31, 1972,
and included retired and terminated as well as ;ctive workers. For each such
workex the.date of birth ;nd an employment history were obtained, and the
vital status of the worker as of December 31, 1972, Qas ascertained. For
those found to have died, those death certificates that were available
were obtained and the cause of death determined. The observed mortality

was compared with that of the United States male poﬁulation.
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III, SELECTION OF STUDY PLANTS

The Manufacturing Chemists Association identified 43 United States
plants belonging to 19 companies, which either produced vinyl chloride or
used it in the production of polyvinyl chloride. The name and address
of a responsible liaison person at each company and plant was provided
to TCA, Inc. (Attachmené A).

A brief questionnaire was sent to each plant to obtain an estimate
of the exposed populatiop and ;o find out how far back in time personnel
records could be obtaingd, 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 étudy 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 e#posed population.
In addition, three more piants were exc;uded from an#lysis 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 present 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 exposure to vinyl chloride. In some plants, particularly those
producing the monomer, this determination could be made on the basis o§
job 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 .

Yo
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
kept. In Qost cases this covered the entire history of the plant, In
others, records were kept for a fixed period such as a decade. In a few,
records were kept for differ;nt per;ods, depehding 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 employment, but képt.them
indefinitely for those who died on the job, no terminatioﬁ could be in-
cluded in the study unless it occurred within the last five years. Data
from the earlier period would be biaséd for the turpgée of this study,
since a worker had to die to be in the records for the earlier period.
The policy therefore was to determine how long each kind of record vas
" kept' (quit, discharged. retired and alive, retired and deceased, died
while emnloyed) and to define the study period as the shortest of these.
One problem wﬂich arose in the PVC plants resulted from the fact that
a worker could transfer within the plant from exposed to non-exposed jobs.

Therefore, even though the number of workers in exposed jobs at a given
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time may'have been a small proportion of the total work force, it was
necessary to search every worker's record to find those who might.in the
past have had over a year's expericnce in exposed jobs. Several of the
PVC plants undertook to conduct this search themselves,

4s a result, plant data were collected in two ways. In some plants,
a TCA; Inc., team visited the establishment, copied the records desiLnated
by ﬁanagement as representing exposed workers, and obtained sufficiently ;
detailed exposure estimates to produce a job histery. 1In others, the '
plants were provided by TCA, ch. with standard forms which they filled
out for workers whom they identified as exposed. Three basic forms wére
uséd, depending on whéther the worker was known to be alive, known to be
dead, or was of unknown status. In all three cases a work history with

egtimated exposure.was recorded, the differences being in the ancillary

data required. Attachment C shows such a form for worﬁers known to.be

dead.

Approximately 5000 of the study population came from plants visited
by TCA, Inc., while thé remainder came f£from plants which had filled out

the forms themselves.

V. THE MEASUREMENT OF EXPOSURE

The job history forms (Attachment C) were oripginally designed in the i
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 personnel in each plant 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
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toe 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
estimatéd exposure.

This gross classification has two major failings, as a result of the
subjective nature of the estimatés. The first is that the scorés represent
estimated relativé exposure within a given plant. It is therefo:e ;ossible
that, in objective terms, a "high" score in one plant corresponds to a
~ "medium" or even "low'" score in another, Thé second is that exposures in b
most plants have tended to decrease over time, so that a Qorker with long
service may have had jobs in the remote past which involved "low" expasure
relative to other jobs at that time, but which might be "high" in comparison
with current exposures in the saﬁe Job. This subjective classification is
therefore of questionable validity in characterizing the exposure of a
given worker. Fof epidemiologidal purposes, however, those who have high
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 Index (EI)., This was done by multiplying the number of months
on each job bf the exposure scofe, totalling these overall exposed jﬁbs, 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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kﬁown address. Attachment D shows such a letter. If the letter was tre~
turned as undeliverable, the procedure shown in Figure 1 vas used to
obtain a current address.

The remainder of the terminations was traced through a retail credit
bureau. The latter was also done for a portion of those wha could not;
be found by thg mail f£ollow-up.’

Approximatély 5500 of the study population came from plants in which ’
direct mail follow up was employed. In the remainder of the population b
follow~ups was by retall credit bureau. There was no significant
difference between the success fates of the two methodologies.

Table | shows the vital status of the study population as of De?ember 31,

1972,. Follow-up is 85 percent compi;te, although follow-up data were

still being received at the time the files were closed for this report.

Of the 352 workers known to be dead, death certificates have been received

for all but 24,

The mortality‘calcﬁlations in the succeeding sections of this report
are based only on those workers who were successfully traced, which is
equivalent to asshming that mortality smong those nof found is the same
_as among those who‘were found. 1In order to examine the reasonableness of
this assumption, the differences be;waen 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 duration of employ~-

ment in an exposed job was 80 months (44 months in those not found). The
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shortest exposures occur in both the oldest men, most of who;eworking
life was over when vinyl chloride came into general 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 months
of exposed employment, there were nevertheless 855 workers with 20 years
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). WNotice that almost half the study
population first entered exposed employment in the decade 1960-69. This
reflects the fact that a great man& plants first began vinyl chloride
operations in that decadé and means that these workers have not been
followed for any substantial length of time after their exposure occurred.

Table 4 shows the relationship between duration of éxposure and

Eiposure Index (EL). The median EI 4s 1.44 (1.75 for those not found).

There does not appear to be a close relationship between the EI and the
duration of exposure, that i1s, workers with a higher EI do not differ
substantially in duration of exposure from those with a lower EI. One
implication is that in assessing the relationsh{p between mortality and
exposure, both duration and level of exposure should be examined separate-
1y, as well as in combination.

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

ended before 1960. The bulk of these workers came from older plants from

vy
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thch data were collected late in the study.

Although there appears to be nothing very unusual about this group
in terms of work history and exposure, it is nevertheless true that their
exposures took place further back in time than that of the group success=-
fully traced. It is therefore possible that their mortality, after a‘

substantial latent period, might show a somewhat different pattern of

mortality from the traced group.

“e

VIII. CALCULATION OF RISK OF DEATH

The usual method of describing the risk of death in a study of this
kind is to exbress 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. Thisg
statistic is called the Standardized Mortality Ratio (SMR).

In order to calculate the number of expected deaths it is first -

necessary to calculate the nﬁmber 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
on whom follow-up was complete. This group représents 77,846 person-years
of obsérvation. 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 that 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

population.
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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. S. male death rates
for the appropriate ages and years were applied to the corresponding
cells of Table 5 to obtain the expected deaths.¥ This was done for all
causes of death together, and for each of the 35 causes for which detailed
mortality rates are published on a national basis (omitting such cause;
as breast cancer, congénital malformations, and diseases of infancy).
Table 6 shows observed and expected deaths, and the SMR, for each N
of these causes for the total study group. In calculating the SMR's for

specific causes, the 24 deaths for which no certificates were found were

assumed to have the same cause distribution as those for ﬁhich certificates
were available.

In tﬁe-standard population, each SMR would bé_equal to iOO. Therefore, .
the statistical‘significance of the deviation of each SMR in the study
population from the expected value of 100 was tested. A single asterisk
indicates those SMR's which differed significantlyvfrqm 100 at the 5
percent level, that is, which had a prbbability of .05 or less of
oceurring 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 next-three, 1955, 1959 and 1965 rates were used; for the
last two, 1967 rates were used,

Large-sample tests of significance were derived from: Chiang, C. L.,
"Standard error of the age-adjusted death 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 above. The dividing point of 1.5
represénts a level halfway between "low" and 'medium."

Table 8 shows similar results for workers with less than 5 years
exposure versus those with 5 years or more. ,

In order to examine the possible interaction between d@ration an&
level of exposure, the study population was divided into 4 groups on
the basis of both EI (low ve high) and duration of exposure (short vs b
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 gr&up.

In each of the‘above tables, deaths for which certifica;es had not
been received were assumed to be distributed as a uniform percentage of
all causes. The causé specific.SMR's Qere therefore adjusted upward by
a percentage which varied in each subgroup. Table II shows the distri-

bution of uncertified deaths in each group, and the resuiting 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. S. male ﬁopulation. There were
352 observed deakhs compared with 467 expected, for an SMR of 75.

Table 6 shows that no specific cause of death was statistically signi-
ficantly greater than expeéted. 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 15 divided according te length and duration
of exposure (Tables 7 and 8) an& combinations of these measurements
(Tables 9 and 10) three major patterns emerge.

For malignant neoplasms as a whole, the SM# increases with increasiqg
exposure, whether measured by level, duration, or both. In the high ax~

posure group with 5 years or more exposure (Table 10) there are 36 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 1l.
For all other causes, there are no consistent relationships with exposure.
Within the malignant neoplasms, ghe 1a£gest {(although not statisticallyi
significanﬁ SMR 43 in cancers of the buccal cavity and pharynx, with 5
observed, 2.84 expected, and an SMR of 189, However, Tables 7 to 10 show
that all these casés have Exposure Indexes below 1.5, and 4 out of the 5
have less than 5 years exposure.
Cancer of the diggstive system shows no excess in the study population
as a whole. However, in those workers with Exposﬁre Indexes of 1.5 or
higher, there are 12 observed caseé where 9,14 are expected (table 7). 1In
the's(xbgroup of the above workers with 5 years or more exposure, there are.
1l observed cases and 7.47 expected.
Respiratory cancer shows a slight excess in the total group, and a
similaripattern 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 with both level and duration of exposure
(Tables 7 and 8). The relationship with exposure is moré pronounced, since
those with exposures of less than 5 years have fewer cases than expected.

The lymphosarcomas, although occurring at abéut the expected rate when
the whole group is considered, are concentrated almost entirely in the high

1
exposure long duration group. In that category there are 4 cases observed

. and 1.84 expected.
Cancers of the genital and urinary organs, and leukémia, have fewer

cases than expected. The number of cases i1s too small to examine any trends.

X. DISCUSSION

The favorable overall mortality of the study population is a phenomenon
éommonly observed in workinglpopulationa. Studies of several occupational
groups have shown that, even if there 1s an occupational ha;ard vhich greatly
increases the risk of death from a particular cause,’the overall mortality
wmay well be favorable. Table 12 shows the SMR's obtained in a number of
recent studies of other occupational groups. Although for technical reasons
;hese SMR's are not strictly comparable, the overéll mcrtality in the present
study is clearly favorable,

SMR'e which are higher ﬁhan expected may be worthy of attention
even if they are not statistically significant. This is especinlly true in
the present study since th; number of deaths from many causes 1s 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 from digestive cancer, respiratory cancer,
cancer of other and unspecified sites, and lymphosarcoma; appear to be related
to exposure as estimated in this study.

In view of the association between vinyl chloride exposure and‘angio—
sarcoma of the liver, the digestive cancers were examined Ffurther to see
what contribution angiosarcoma made to the observed mortality pattern. ‘

0f the 19 digestive cancers, 7 were l;ver cancers, of which tﬁo were "
angicsarcomas according te the death céitificate. However, among angiosarcoma
deaths in vinyl chloride workers identified by other investigators, there
- were 6 which occurred in the present study population dﬁring‘the study
periéd. They were all found in the course of the study, but 4 were listed
on the death certificate as due to causes other than anglosarcoma. Table 13

.. . I P RF), DRI - I P e
shaws. these decth~ 31+ 4he death cevtdfic

R - o At
If there had been no angiosarcomas, 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 mora exposure would have dropped

to 2, so that the mortality pattern in this cause group is due entirely to

anglosarcoma.

v

The other cause group worth further investigation is cancer of ‘ ’
other and unspecified sites, both because it 1s a heterogeneous category and' i
becauée it seems, unlike the other cancers, to be more relaéed to duration than ' \
to level of exposures. . ’

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

which 1s essentially brain cancer and generalized 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 the mortality from this cause excessive, but

brain cancer is overrepresented.

The possibility exists based on the lack of specifigity of some of the
] 3
ligted causes that some of the brain cancers were not primary, but metastases

from another unidentified site such as the lung.
The cancers of the buccal 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

vsubstapces were involved.

iI. POSSIBLE BIASES IN THE CALCULATION OF RISK

There are three areas in which bias could have entered the calculation

of the above SMR's. The first is the choice of the U. S. male population as

a standafd. The second is the absence of 15 percent of the population‘who

- were not found. The third is the discovery, as the study ended, of a group

of 1500 workers whose exposures occurred up to 35 years ago, and who are not
included in the study group. - .

The choice of the U, S. male population was-not entirely appropriate.
The study population was concentrated almost entirely in the Eastern h;lf qi'
the United Stat;s, 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 oneé 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 is such that these SMR's would havg 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 conceivably contain a dispropor-
ﬁionate number of deaths, which could increcase the overall SMR. It appears un-
likely that the distribution of causes would be gubstantially different. How-
‘ever, without actual data in hand, the possibility cannot be ruled out that
either some new causes of death might become significan;, or ﬁhat some Bf the
relationships found in this stu&y might be diluted, )

The same comments apply even more to the group of 1500 workers discovered v
too late to be included in the s;udy group, since they would provide data in
precisely the area (very long exposure and lohg latency) in which the present

study is relatively weak.
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Table 1

Follow-up Status of 8384 Vinyl Chloride Workers

Y

Total Alive - Dead Unknown Death Certificates
. ‘ Rec'd, Not Rec'd.
Number 8384 6776 352 1256 328 24
Percent 100.0 80.8 4.2 15.0 92.7 7.3 s.

April 15, 1974
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Table 12

Results of Follow-up in Several Occupational Groups

May 3, 1974

Number Years of SMR

Study Population Observed Observation All causes Reference
Asbestos building Enterline &

product workers 12,402 1951-1963 89 Kendrick, 1967

: )

Asbestos friction Enterline & .
material workers 7,510 " 89 Kendrick, 1967
Asbestos textile Enterline & "
plant workers 1,843 " 121 Kendrxick, 1967
Cotton textile Enterline &

workers 6,281 " . 88 Kendrick, 1967
White underground . Lundin et dl,

‘uranium miners 3,414 1950-1967 159 1969

Steelworkers £9,072 1953-1961 82 Lloyd & Ciocco, 1969
Asbestos insulation . Tabershaw et al,
workers > ‘20 years 250 1946-1965 140 1970

Coke oven workers 4,661 1951-1966 98 Richmond et al, 1972
Asbestos maintenance Enterline et

service, etc. 438 1941~1969 124 al, 1972

Asbestos insulation' Hammond &

workers > 20 years 370 1963-1971 198 Selikoff, 1972
Asbestos insulation Hammond &

workers 17,800 1967-1971 136 Selikoff, 1972
Uranium mill workers 662 1950-1967 99 Archer et al, 1973
Lead smelter workers 2,352 1946-1970 107 TCA, Inc., unpublished
Lead battery plant

workers 4,680 1946-1970° 99 TCA, Inc., unpublished
Petroleum refinery

workers 18,916 1962-1971 68 T™ChA, Inc., unpublished
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Manufacturing Chemists Association VCM Epidemioloqy Study

Parent. Corporation

Plant Designation

Address

Telephone ' ( ) ~ ext. ¥

TABERSHAW-COOPER ASSOCIATES' CONTACT FOR SUBJECT STUDY:

Yo

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 _( ) ext.

ATTACHMENT A

AP00023904



Tabershaw-Cooper Associates, Inc.
2180 Milvia St., Suite 104
Berkeley, California 34704,

Manufacturing Chemists Association VCM‘EE}demLologiéal Study
Plant No.

1. When did this plant begin work involving vinyl chloride? Ye

2. What is the approximate size of the current work force,
exclusive of secretarial and office personnel?

3. Approximately how many of these are employed in jobs in-
volving some exposure to viayl chloride?

4, 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 employees, begun in

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

Remarks:

5. Please answer the applicable questions below about
retention of records. How long are personnel records
kept
a, for those who retired but were not covered by a

retirement plan?

b, for those who retired under a retirement plan and
have died?

c¢. for those who quit or were discharged?

d. for those who died while employed?

ATTACHMENT B

'AP00023905



[2s

Tabershaw-Cooper Associates, Inc,

'page 2

- 6. Do the personnel records which are retained contain a

record of job titles and dates of job title changes for 3
the individual concerned?

7. Please list the job titles {n the current work force
which involve some exposure to vinyl chloride.

vy -

ATTACHMENT B (cont.)
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VCM Epidemiological Study ~ Individual Work lilstory
Form B - Workers known to have died (please attach copy of death certificate)

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

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 give name of worker
so that death certificate can be obtained. No contact will be made

L
with relatives or attending physician. )

Job history with estimated exposure

Job mno. Title Check estimated exposure in ppm
; <50 50-199 200-500 2500

1 from
to

. T e T
to

s e e
to

o T e T
to

s geom T
to

6 e T
to

; from T
‘to

ATTACHMENT C
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“tobershaw, cooper assaciates in

2180 ana Stireel, Berkeley, Calilornia 94704 Telephone (415) 845-3355

=

T

Dear

We are a research firm concerned with the health of workers

3

in industry in the United states. We have been asked to study
certain occupations in order to determine the health of men who
have at one time or another worked in these occupations.

e

To accomplish this we need to know {f those men we are interested
in were alive on December 31, 1972. For any of the men who died
on or before that date, we need to know the place and date of
death. With these facts, we can compare the health statistics

of our men with the general population,

To assist us, can you provide information regarding the person

- whose name appears below? A stamped, addressed return envelope
is enclosed for your reply.

Needless to say, any information you give us is strictly

confidential,

Thanks for your cooperation and assistance with this project.

Name

'

Sincerely,

(WG

‘W. Clark Cooper,

Date of bir;h:

Was above named man alive as of 12/31/727

If deceased prior to 12/31/72:

Date of death

Place of death {city and state)

ATTACHMENT D

'AP00023908
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T IT IN WRITING

Date ___ 5 MAY 1975 \
To___ JoD—KRAMER Subject_____VC1 ABATEMENT REPORT Y
From __G. B, H. SPEED /}
() Take Action ( )} For Your Approval ( ) For Yourinfo ( ) Didcdss With Me

{ ) For Your Comments { ) As Requested () File { ) Note & Return

The following is the status of the VCl Abatement projects:

1. REGULATED AREA
The fencing of the regulated area is complete except for three personnel
gates., Shipment of these gates has slipped and are rescheduled for
installation in June.
2. PERSONNEL MONITORING
Personnel in the Resin Plant were monitored om April 9, 14, and 22, 1975.
Of the 39 operators monitored, nine had exposures exceeding 1 PPM as
follows:
Castleberry 3.1 PPM
Timmons (Utility) 2.6 PPM
Henson (Utility) 4.5 PPM
Copeland 1.8 PPM
Draffen (Utility) 7.1 PPM
MacDonald 3.1 PPM
Coleman (Utility) 1.4 PPM
Hurst (Utility) 1.3 PPM
Overbey 2.2 PPM
All utility operators in the above list spent some time in reactors and were
wearing fresh air masks.
The Compound Plant operators were monitored on 27 March 1975 and all results
were less than 0.1 PPM. These operators are on a quarterly monitoring
schedule.
3. SOLVENT CLEANING
A CE has been submitted for solvent storage, piping, etec. for Calvert City.
4. STRIPPER PROJECT
A CE has been submitted for the addition of three post strippers and automation.
5. FRSH AIR HAVEN

The control panel has been enclosed to use as a fresh air haven.
is complete and will not be included in future reports.

This project

RECEIVED
T MAY 9-—;975
T. L CAREY

AP00023909




To

[

# Date 26_February 1975

INTEROFEICE REr~—. !

MEMORANDUM o §5b@ctBEPA Meeting - Durham, N. C.

. 25 February 1975
T..L. Carey - B~ ..

From

cc:

6.

= - “Jr‘—'ES {Location, Organization, or Department)
. 3

J. T. Barr "y

—

) “'
Il.orcatTon. Organization, or Department)

e

) ]
R. Adams AT E. Jones - Pensacola E. A. Primeau - Pensacola

A.
R. €. Burnham J. D. Kramer - Calvert City J. T. Sebastianelli
A.

J. Diglie T. J. Medovich - S. Brunswick E. Steck - Calvert City

R. Fleming H. L. Watson

SUMMARY

The Standards Group has sent to Washington recommendations to declare
vinyl chloride a hazardous air pollutant and to proceed with setting a
standard under Section 112 of the Clean Air Act.

A meeting of NAPTAC is scheduled for 25-26 March in Washington to con-
sider the proposed action.

The proposed standard will limit emissions at some sources on the basis
of production rates and from others at a maximum concentration of 10 ppm.
Control methods are similar to, but more strict than those discussed in

my report of the 7 January visit. Surveillance methods are not fixed at
this time.

Vinyl chloride in water will be limited to a maximum of 0.0043 1b/100 1b.
PYC produced.

Proposed sampling methods include the headspace method for resins and the
gas bag method for air.

industry representatives presented their comments on the questions asked
y EPA.

(320)

AP00023910
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T. L. Carey -2~ 26 February 1975

Several specific comments or pieces of information are to be prepared for use

by the group, and a meeting will be held 21 March to prepare for the NAPTAC
presentation.

REPORT

)

The special subcommittee of the EPA/SPI conmittee met with EPA personnel in
Qurham, N. C., on 25 February to discuss activities related to the proposed stan-
dards on vinyl chloride emissions. The agenda prepared by EPA and a 1ist of
participants are attached and the numbering of the agénda is followed in this

report. Mr. Don Goodwin, head of the Engineering Standards and Emissions Division,
chaired the meeting. ' )

1.

He opened the meeting by stating that the final “package" for NAPTAC was
almost ready and that the impact and health effects sections would be com-
plete in about two weeks. This will be presented to NAPTAC on 25-26 March

in Washington. (Note the date change). The proposed regulation is

expected to be published in late June, with a public hearing following within
30 days and final promulgation by the end of the year. He forbade discussion
on the decision on Section 111 vs. 112, or on healith effects, on the basis
that this would not the proper group for those subjects. A meeting for this
purpose could be arranged later, but Ruckelshaus should handle this.

Item no. 2 on the agenda was a report by Ms. Susan Wyatt on current monitor-
ing nearplants. Each test site at B. F. Goodrich, Louisville; Conoco,
Aberdeen; and Shell, Narco; has 15 samples taking 24-hour integrated samples
by the carbon tube method. One site has a Bendix FID operating on a 2.5
minute cycle and reporting hourly averages, and all sjtes have a metecrology
station. The 24-hour samples are taken twice a week, and they have 5 from
each plant. The highest reading reported so far was 10 ppm., found between
two storage tanks at Shell. Shell confirmed the high concentration but could
not relate it to an unusual condition. The next highest reading was 1.42,
also inside 2 plant. Most of the readings have been below 0.04 ppm. The

50 hourly averages had 4 above 1 ppm. This program is scheduled to continue
until April, but may be extended.

A similar program has just been started at 5 fabricators; Ford at Mt. Clements,
Congoleum Nair, Reynolds at Richmond, Sylvania at Warren, Pa., and Charlotte

Pipe and Foundry at Monroe, N. C. These each have 4 of the 24-hour samplers.
No data are available. '

They are concerned that the recent reduction in production will affect the
results of this study. We will get a copy of this test protocol.

~ AP0002391 1




T. L. Carey -3- 26 February 1975

The writer discussed the problems with using a material balance as the

only method to control emissions, and presented the SP! proposal for a
combination of process check points, ambient monitoring, emergency reports,
and long term material balancas, tailored for each process, as a preferred
method for determining compliance. Comments by EPA personnel generally
supported the opinion that material balance was not satisfactory alone.
This and the other presentations generally followed the outline agreed on
at the meetings in New York on 11 February and Washington 18 february.

Les Evans stated that his source of information had been from the Section
114 reports of last year, follow-up questionaires to about 15 companies,
and visits to 12 plants (those which he considered well-controlled). He
has talked to Calgon, Chemical Design, Vulcan, Houdry and IGCI.

He proposes best available control techniques in the following areas:

Fugative leaks

Seals - double mechanical or canned pumps.

Maintenance - purge with nitrogen or steam before opening any
system. Institute a formal leak patrol reporting system.

Car loading - purge'to control equipment, dse magnetic level
indicator.

Leaking Reliefs - Add rupture disks and tell-tales.
Sampling - use closed loop manifold.
He would not estimate at this time the permissible emissions in
this category.
Reacter entry
With installatfon of a gasholder, equipment purge, either water
or solvent reactor cleaning, and reformulation of recipes to

reduce fouling losses from this source can be reduced to a maximum
permissible rate of 0.1 1b/100 1b. of PVC.

Emergency Reactor Discharges

Additional instrumentation and control, including shortstop,
plus vent connections to the gasholder and emergency power will
eliminate this source, and no discharge will be permitted.

Recovery Vent

Use of solvent or carbon systems, {ncineration, or refrigeration

AP00023912




T. L. Carey -4 - 26 February 1975
should reduce this stream to a proposed maximum of 10 ppm.

Blend Tanks and downstraam

Proper stripping will be required, and plants will be
allowed a loss of no more than 400 ppm. monomer in resin

as measured by the difference from the strippar exit to
shipped resin. Composite anaiyses of each grade will be
usad. Any monomer measured from or destroyed in exit gases
could be credited.

Aqueous streams

Flow and concentration of each stream must be measured and
controlled before going to an open system so that total exit
levels are below 0.0043 1b./100 1b. of PVC.

He still believes that there are feasible methods of treating dilute air
streams to recover monomer, but did admit that these were not demonstrated.

5. It was stated that most, but not all suspension, bulk, solution, and latex
products can now be stripped to 400 ppm., dry solids basis. Disperston

~~ resins cannot be reduced below 2000 ppm., on some types only, and with
significant productivity loss. It was estimated that 2 - 2.5 years would
be needed to equip all suspension plants, and 4 - 5 years for dispersion
plants, to achieve these levels at full rates. Goodwin said he was not
worried about productivity losses. .

6. It was stated that industry did not believe that ifncineration, carbon
ibsorption, or solvent adsorption would be suitable except on a very
limited number of small concentrated streams.

7. It was stated that recycle of drier exhaust was not feasible because of
corrosion, heater fouling, and energy costs, and that reduction of drier
exhaust flow would not effect monomer emissions. .

8. Mr. Bill Grimly presented the information in the attachment titled "VC
Source Test Method Background“. He favors the gas bag for air samples
and is inclined toward the BFG Perkin Elmer headspace method for resin
analyses. He was told that this latter method was not proven for slurries,
copolymers, and emulsions. We asked that we not be restricted to one

method, and were told that EPA would specify the standard or refaree
procedura.

9. Mr. Bill Hamilton presented the preliminary cost estimates for control
systems given in attached Table I. These are for their "typical”
150M4 1b/yr. plant using 5M gal. reactors. Net costs are based on a value
of 10¢/1b. for monomer, and the figures reflect his estimate of a 5% overall

- increase in efficiency of the plant with controls. Objections were raised -
to most of his numbers. : :

AP00023913



T. L. Carey -85 - 26-February 1975

10. Ms. Wyatt presented the attached chart of impact effects from the proposed
control devices. The first four were given as small in actual impact, and
she stated that solvent cleaning was undesirable because of all the associ-
ated problems. She did say these estimates are preliminary, and can be
improved. Energy cost for prolonged stripping was given as 50% more than
the present standard procedure at 1709F. Incineration was estimated to
fncrease total energy consumption by 50% in a suspension plant and 400% in
a dispersion plant, and still leave 10 ppm in the effluent. They admitted
incineration probably was not practical, and that their data on carbon
absorption are inadequate for proper evaluation. The solid waste impact
is expected to be quite high.

11. It was stated that true fugative emissions amounted to no move than 10%
of unaccountable monomer and that a good preventative maintenance program
with intensive personnel retraining were more effective than any other
single item in reducing emissions. Industry generally is well along on the
EPA list in response to OSHA.

12. It was recommended that specific equipment or methods should not be

required, but used as found suitable. Each of the listed types has some
proper applications, but is not universally applicable.

13. It developed that this referred to pumps, fiiters, etc., so it was stated

that, with time, arrangements can be made to return this to the recovery
system.

14. Analytical methods have been exchanged with EPA.

15. Union Carbide admitted to three runaway dispersion batches in the last 6
months due to relaxed ¢leaning schedules, and BFG spoke of "several*lost batches
at touisville recently because of reformulation experiments a2imed at reduced
fouling. It was predicted that 1ittle further advance would be made in this
area. Emergencies beyond the scope of realistic protective systems always

will occur. Connections to common vents or a gasholder for relief valves
were stated to be unsafer.

The two representatives of monomer producers met later with Evans and Goodwin.
In sumary they were told that fugative emissions would be placed on the same

basis as at PVC plants (as yet unspecified) and that all process vents will be
limited to 10 ppm.

The industry group met later and agreed that the dispersion area required immediate
attention. Representatives of this business will meet 3 March to prepare more

. _—& ,"',f' .
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T. L. Carey -6 - 26 February 1975

1?fonnation for EPA and try to arrange a meeting at Durham 10 March for discus-
sion. )

Meanwhile, the committee will: try to obtain more data on the Connecticut cases,
if it can be made available; prepare comments on the proposed water standard;

comment on the control costs; and meet on 21 March to prepare a statement to be
made at NAPTAC.

1‘\/
J / . Barr

JTB:fm
Attachments
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TABLE I

——————

NET COST OF CONTROL DEVICES

Source Device Cost $M
Fugative Several 226

Reactor Gasholder! 824

Recovery Vent

and Slurry Carbon bed? 220

Drier, bulk Improved

area Stripping 368

"~ Total 1,637

Wi thout Monomer Credit

T93m £t.3, 10,000 1b. capacity.

2Gas flow 60 acfm, enclosed blend tanks with small nitrogen purge.

J7B
2/26/75

3

‘Net Annual Cost

SH/ Y. /5.
204 0.14
(489) (0.33)
( 29) (0.02)
94 0.06
(220) (0:15)
530 0.35‘
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AGENDA

EPA and SPI Meating - The Control of
Vinyl Chloride Emissions from Polyvinyl Chloride Plants

February 25, 1975
Durham, North Carolina

1, PVC Regulation Work Schedule - _ EPA

2. PVC Ambient Monitoring Program . EPA

3. Recogunizing that source sampling to monitor total emissions SP1
from PVC plants is difficult to impossible - Discuss techniques

of using plant material balances to determine emissions.
P . (Saxpling techniques, manpowar,requirements, accuracy, etc.) =

}?' 4. Current Status of PVC regulation. ) EPA

. S. Technical feasibility of redueing the vinyl chloride content of  SPI
' the PVC resin from tha stripper to 400 ppm dry basis.

{

¥

f 6. Compliance schedules for installation of ntripping systems at SPL
! existing plants. Use of incineration, solvent absorpion, and/

| or carbon adsorption to reduce thea vinyl chloride concentration

i of the dryer exhaust to lass than 10 ppm. (Cost, capability.)

1

7. Quantify the reduction in dryer exhaust gas volume that can be SP1
achieved by uging fluidized bed dryers, flash dryers, and/or by
i recycling the dryer exhaust after removing the water and vinyl
. chloride. Discuss the factors that would control the rate at
i which these techniques can be installed.

&. Source sampling and analyticél procedures for PVG. EPA
9. Preliminary ;ost estimates of controlling PVC plant emissions, EPA
10, Environmental {mpact of PVC §1¢nt reéulation. EPA

{

| .

| 11. Status of installation of control equipment to restrict: SP1
! . fugitive emissions in response to OSHA regulationn.

J 12, Use of canned pumps, or double mechahical seals on pump, ‘SPI
agitator, and compressor seals to reduce fugitive emissions.

 AP00023917



14.

15.

SRS

LLinSe gy

AGENDA

EPA end SPI Maeting

Pebruary 25, 1975 Page 2

13, Feasibility of purging all vinyl chloride to the monomer SP1

recovery system or to a carbon adsorber; incinerator or
flare before opening process equipment for maintenance
and inspection.

Sampling and analysis techniques to determine the vinyl SPL
chloride contant of the resin after stripping.

Use of alarm systems and shortstop to eliminate reactor Spx

pressure relief valve discharges or to eliminate such
discharges by venting the reactor contents to a gasholder.

AP00023918



Roster 2-:25-7 5

Meeting on Vinyl Chloride

Don R. Goodwin Director, ESED
George W. Walsh . EPA, ESED
G.W. Daigre Dow Chemical, Plaquemine, La.
W.W. Madden o Pirestone Plastics Co.
J.T. Barr ‘ Air Products & Chemicalsg
Jos. E. Hadley . ' SPI General Counsel
R.W. Laundrie - General Tire
“ W.C. Holbrook . B.F. Goodrich Chem. Co.
: D.A. Scholes ' ' , Hooker Chemicals & Plasfics
2 R.N. Wheeler Union Carbide Corp.
L.B. Evans . . EPA, ESED
Chuck Kleeberg EFA, ESED
Bill Hamilton : EPA, SASD
Bill Vatavuk  EPA, SASD
Susan Wyatt : : EPA, ESED/SDB
Jack Farmer ' EPA, ESED/SDB
Bill Grimley EPA, ESED/EMB
. . Albert J. Beveridge } ' Ruckelshaus, Beveridge & Falrbanks
v Gary H. Baise Washington, D.C.
Jim Duwrham ' EPA, ESED/ISB
Stan Cuffe EPA, ESED/ISB
|
y "
A
b
i
R
v, .
' : S S — . o e \
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VC SOURCE TEST METHOD BACKGROUND

For stack sampling purposes, vinyl chloride (CH2 = CHC1, molecular
weight 62.50) must be assumed to exist in conjunction with other hydro-
carbons, both chlorinated and otherwise. Accordingly, the accepted
method for VC (vinyl chloride) analysis has consisted of first separat-
ing the VC from other hydrocarbons, followed by measuring the quantity
of VC with a flame ionization detector. However, between various groups
concerned with measuring VC, non-uniformity in procedures was found to
exist in the following areas: (1) sample collection, (2) 1ntroduction
of sample to gas chromatograph, (3) chromatographic column and associated
operating parameters, and (4) chromatograph calibration.

Two of the approaches for VC sample collection involved an evacuated
flask for grab samples and tubes containing activated charcoal for an

fntegrated sample. Since it was established that a two-hour average

concentration was desired, the integrated sample approach offered a
greater édvantage over the grab sample approach because emission fluctua-
tions due to process variations would be automatically averaged. In
addition, the integrated approach naturally minimizes the number of
samples that need to be analyzed. Upon investigating the activated

charcoal sampling tubes, it was found that they were basically designed

for sampling ambient concentration levels of VC. Since source effluent

concentrations are expected to be higher, there was the uncertainty
fnvolved with predicting sample breakthrough or when the sample should
be terminated. In addition, the amount of charcoal that would be

required for some sources would be excessive for a two-hour sampling
periad.

-

: —
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In view of these deficiencies, it was decided that collection
of the sample in Tedlar bags might be a better approach. To check the
fiexibiiity of this appreach 2 study of VC stability, or deteribratiou
in Tedlar bags in the presence of various process-associated gases was

1

undertaken.” The study showed no significant deterioration of VC over

2 period of 48 hours. Consequently the integrated bag tgechnique was
deemed suitable.

Introduction of a collected gas sample to a gas chromatograph can
be done either through use of a gas-tight syringe or an automated
sarple Yoop. The latter approach was selected since it has less possi-
bility of leakage 2nd provides a more reproducible sample volume.

Several columns, used by thg various groups, are mentioned in

the 1iterature as being suitable for the separation of VC from other

- gases; most notable among them have been Carbopak A2 and Chromosorb 102.

Carbopak A is the more sensitive of the two; however, the VC elution
time is not as greai as with the Chromosorb 102. For this reason
Chromosorb 102 was selected for further study. A program was under-
taken to establish whether various hydrocarbon$ that were known to be
associated with VC in stack emissions interferred with the VC peak from
the Chromosorb column. The study revealed no such probTems.4 Further-
more, analysis of actual source samples of the peak reported as VC

with this column by two qualitative techniques, spectroscopy and elec-
tron capture, indicated the peak was only VC.5 It should be noted that
selection of Chromosorb 102 does not mean tﬁat Carbopak A or some other

column(s) may not work equally well.

Cmeme = e - - Ce o ewr g ¢ e e e

3
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Calibration has been accomplished by two techniques, the most
common being the dilution of 99+% VC with nitrogen into a series of
lower concentrations in Tedlar bags. The second technique utilizes
2 set of cylinder standards. Both techniqugs‘have been found to pro-
duce icceptab1e results and will be included in the reference method.

Based on the study of VC stability in Tedlar bags, possible inter-
ferences by various process associated gases, and calibration methods,
and as a result of a field study énd tests conducted at a source of
vinyl chloride, Method 104 was prepared for determining caompliance with
new source performance standards, This method is essentially the same
as used for the data gathering process for setting the standards. Leak
tests for the flexible bags and ca1ib}atfon procedures to insure accuracy,

precision, and reliability are also specified.

——- o PN BT e e R il
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REFEREIICES

1. “Evaluation of a Collection and Analytical Procedure for

VYinyl Chloride in Afr," Sy G.D. Clayton and Associates. December 13,

1974. EPA Contract No. 68-02-1408, Task Order No. 2.

75-VCL-

1.

EPA Report No.

‘ )
2. "Vinyl Chloride Monitoring Mear the B,F. Goodrich Chemical

Company in Louisville, Kentucky." Regidn IV, U.S. Environmental Pro-

tection Agency, Surveillance and Analysis Division, Athens, Georgia. )

June 24
3.
Richard
4.
5.

'S 1974-

“The Evaluation of Airborne Concentrations of Vinyl Chloride," |

R. Keenan, G.D. Clayton & Associates, 1974.
Same as 1

EPA Report No. 75-VCL-2
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