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Report of Synthetic Rubber Manufacturing Study

introduction

Many studies in the past have indicated specific health risks which have
been associated with the “rubber industry." Most of these studies have not
distinguished between the various steps in the manufacture of the originaji
synthetic rubber polymer and the eventual production of rubber products. Gften
the studizs have included all steps from the manufacture of the synthetic
polymer to the production of tires or cther goods. Previous.stu?ies have also
included both individuais who worked with natural rubber as well as with
synthetic rubbers. Many of the risks which were identified were attributed to
steps in the production of goods which would include exposure to multiple
materials besides the rubber itself. [t was difficult from such studies to
determine whether there was a risk from the rubber itself or fr-. the materials
used in manufacturing rubber products. A recent NIOSH report has suqgested
that a risk might be associated with rubber itself. The current study was
undertaken to determine whether the production of synthetic rubber, escecially

styrere and butadiene rubber, is associated with any health risks.

Literature

In the study of cccupational disability based cn Social Security data ‘rom
the eariy 1960's, the morbidity of workers in the rubber industry appeared to
be high for malignant neoplasms af the respiratory system, chronic rheumatic
heart disease, emphysema and arthritis (1). A stuay based on the occubations
as listed on death certificates in the 1950's indicated that rubber workers

aged 20-64 had an increased risk of dying of malignant neoplasms of the colon,

resgiratory system and the 1ymphatic and hematopoietic systam as well as an
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increased risk of arteriosclerotic heart disease and chronic rneurztic neart
disease (2). Mancuso, in the same period of time, indicated that =ne pro-
portional mortality of rubber workers in Ohio was high for cancers 27 the
respiratory, genito-urinary and central nervous systems (2). When se expanded
this study intc a cohort analysis from 1940 through 1964, he foung =hat the
death rates for production workers were higher than those of officz workers
for malignant neaplasms, especially those of the stomach, and disezses of the
Circulatory, respiratory, digestive and genito-urinary systems (4). As
indicated abéve, most of these workers were probably primariiy engaged in the
manufacture of end-use rubber products.

Extensive studies of the rubber products industry were undertaken by
groups ¢f investigators atﬂﬁprth Carolina as well as at Harvard. The study
under the North Carolina investigafors included all workers who reached the
age of 40 or beyond in 1964 who had subsequently been followed for their
mortality experience. This study included active workers as well as retired
workers (5). The pepuiation included individuals who worked in a large tire
manufacturing plant in Akron. The data suggested that these workers had an
increased risk of lymphosarcoma, leukemia, and stomach cancer and a
significant reduction in the risk of accidents and respiratory system tumors.
The excess of leukemia was ceen only in individuals under the age o7 84, The
mortality from prostatic cancer was also higher than expected. The cancers
were frequently associated with work in areas where compounding, miiling,
calendaring, extrusion and cementing were in progress. These arsag were
adssociated with the beginning production of tires where exposure t0 chemicals
and dusts both from the rubber and the other materials usaed in -roduct

manufacture were possible (6). Cancers of the lymphatic and hematopoietic

]
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System were found among the recaiving ard shipping group, he ciTcounding and
mixing, inspection, finishing and repair groups and in the syntrz=ic plant,
The excess mortality from Tymphatic leukemia was associacad witn <he same
groups with the excaption of receiving. Artericsclerotic aear: lisease was
associated with extrusion and cementing as well as work in the s/nthetic
plant, but the deaths were restricted to individuals in the young age aroups
between 40 and 54. The authors have suggested that the excess msrtality from
lymphatic leukemias might be associated with solvent exposure in areas of
repair and finishing (7).

The study from the Harvard group of investigators also included plants
in Akron, Ohio where tire and rubber products and synthetic ‘rubber were
manufactured. ‘Workers who had been employed for five years or more within
the rubber industry were selected as the cohort popuiation (B). These
investigators also found excesses associated with specific areas of the
plant. Processing jobs were associated with an excess mortality from intestinal
and stomach cancer; tire building had an excess of bladder cancers, brain
tumors and lymphatic cancer and myeloma. Excess leukemia mortality was
related to work in processing and tire manufacture. Pneumonia was excessive
in the tire curing area.

Most of the studies described did not separate risks that might have
been due to exposure to the rubber polymer used in the manufacture of rutber
products and the multiple other materials and chemicals related to production.
Reviews of the toxicity of the basic materials styrene and butadiene suggested
that further investigation of the possible health effects fr. ° gotential
exposures to these agents would be warranted as noted in the = 1tional
Agency Research on Cancer (IARC) monographs concerning styrene (v). ~ »
usual effects of this chemical on humans related to neurological and

psychological disturbances but the finding of chromosomal aberrations in

——
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workers exposed to styrene indicated a reed Yor concern relatad Iz possible
carcinogenic effects. A summary of possible hazards associazed .- th exposure
to butadiene have been summarized in an Environmental Protec<ion ~gency (EPA)
report (10). Effects on the gastrointestinal system, 1ivér. 2loce, lipid
metabolism, circulation, skin, nervous and respiratory system were noted in
reports in the Eastern Eurcpean literature. Similar regorts and concern did
not appear in the U.S. and Western European literature. More recent studies
will be included in an updated summary of the literature (11).

A recent study by NIOSH (12) has undertaken to investigate cossible
hazards associated with actual production of the synthetic rubber colymer.
The study was conducted in two plants in the Port Neches, Texas area. The
total study population who were exposed for six months or more %o ‘the
manufacture of the rubber was 2,756. The overall mortality was about 80% of
that expected for the total U.S. in plant A and 66% in plant B. In the total
population for plant A there was a significantly lower mortality from diseases
of the 1ymphatic'and hematopoietic tissues especially lymphosarcoma and
Teukemia than one would expect based on U.S. rates. Plant B had small
increases in mortality from lymphosarcoma and from cancers of the male genital
organs. None of these differences, hcwever, was significant and in both
plants the total numbers of deaths were relatively small. For plant A the‘
investigators separated the population into two cohorts, those who began work
between 1943 through 1945 at a time when the synthetic rubber industry was
Just beginning and those who were employed in a later period. In the early

Mort the SMR for tumors of the lymphatic and hematopoietic tissue was high
« 038 %3t reached significance with a prcbability between .05 and .1. The
SMR for . =mia was 2.78. Although the findings were restricted only to one

~ plant and on: :chort group within the plant, the findings did cause concern
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since the group of workers with the excess wouid hive had the e2r'y exposure

{0 SBR palymer preduction. These <ata would suggest that 2xposuras to basic
substances in the manufacture of synthetic rubber, such substanczc ag styrene,
butadiene or otier chemicals might be associated with a hazard. 'n order to

examine these issues the currant apidemiologic study was undertakan,

SBR Polymer Manufacture

The synthetic rubber industry actually did not exist unti] 1943, At
that time the federal government undertcok to construct 15 plants in the U.S.
all of which had similar design and all of which were committed 0 the
manufacture of styrene-butadiene r Sber. An acditional plant was constructed
at that time in Canada. The governmental Rubber Reserve Company under the
Reconstruction Finance Corporation underteok respensibility for these plants
a]though'they were gperated by privately owr J rubber companies. Most of the
basic processes used in these plants were similar as was *he general
construction of the plants. Eventually the plants were sold to the individual
rubber companies and it is these plants and one in Canada with which the
NIOSH and the current study have been concerned. One additional plant has
been studied which was built in a later period, 1957, but which has similar
design and is also manufacturing styrene-butadiene rubber (SBR). Thus, we
have a unique situation in which we are able to study an entirely new
industry with a similar plant design, process, and product across all
manufacturing sites. Over time these companies have begun to manufacture
various other types of rubber but in general their major product is still
Styrene-butadiene rubber. The workers exposed to these substances should
have been reiatively young at the time of first start in the new industry and
should have had no previous €xposure to manufacturing processes. Many of the

plants were corstructed in the same geographic area because they obtained
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butadiene from the petroleum industry locazad in lcuisizna and Teras, ~ose
that were not near petroleum sources of butadiene usually macde this suzsiance
from alcohol. 8y 1544 these plants were producing atout 7,0C0 leng tors of
rubber per year. The current study will describe the manufacture of ruzcer
in eight of these plants.

The basic method of production of synthetic rubber in these plants was
through the reaction of an aqueous emulsion of butadiene and styrene in the
presence of a soap solution, polymerization initiators, and regulators o
form a high molecular weight polymer with elastic properties (13}. I-itially,
this reaction was carried out at high temperatbres {sc-called hot rubber),
about 50 degrees centigrade, and a pressure of about 60-50 p.s.i. The
reaction is usually carried to partial compietion at which point it is
terminated by the addition of a chemical called "shortstop." Any unreacted
monomers of both styrere and butadiene are recovered or "stripped" from the
Jatex. The latex is then coagulated, washed, dried and packaged. The basic
materials which are used in the reaction are shown in tablie 1 (14).

Two major changes took place in most of the plants in the early
gperations. These were a change from batch to continuous-feed manufacturing
pracess ard the addition of low-temperature rubber preoduction. Cold rubber
production was begun in the late 1940°s to early 1950's in most plants with
the temperature of the reaction being reduced to abcut five degrees cen-
tigrade. The ingredients for cold rubber production are listed in table 2
(15). This formula is very similar to that listed in the recent NIOSH regort
(12). Both hot and cold polymerization were carried out in these plants.
Extender oils may be added to high viscosity latex during the coagulation
step in the cold rubber production (16).

A new process called solution polymerization rather than emulsion

polymerization has been developed which allows the conversion level of
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monomer to reach about 30% with the use of stevéospecific Zieglier-tatsz or
’

alivilethium catalysts in an organic solvegﬁ’(l7). The tasiz steps in =-a

’

Process are quite similar to those used 'n emulsion poiymerizatior.

- —

The cperations included in the m&gufacture of SBR polymer are divicad
into five major areas. The “‘tank !g}m” area where the monomers of butaciene
and styrene are stored in tank;qu usually located in an area remote from the

N

general plant activities anc materials are piped from this location intc *he
plant for use. The butad;;ne which is a gas under normal temperature ard
pressure requires stqrgge in pressurized tanks. Before using the butadiene
from the "tank fa;m,u it is necessary to wash it with caustic to remove the
inhibitor which has been added to prevent the active po]ymer%zation of the
monomer itseif, Tne inhibitor in styrene is not removed bacause it has a i
negiigibLé effect on the activity of the styrene and butadiene. The morcmers
which «are recovered from the rezcted latex through stripping are mixed with
the “appropriate Pure material and recycled intg the manufacturing process.

In the pigment prepzration area, solutions of soap, catalysts and anti-
oxidarts are made up ‘or use in either the reactor area or finishing area,

The chemicals which are involved in these operations inciude the soaps which

are mixtures of fatty acids, usually sodium-based, the catalysts which might'
be hydroperoxides or peroxysulphates, and the "shortstop” solutions which
might be hydroquinones and sulfites or dimethyldithiocarbonates (12). The

antioxidants, originally phenyl-beta-napnthylamine or a reaction product of

acetene and diphenylamine (13), were also prepared irn - \is area for use in
the finishing process,
The reactor are2 is the location where the polymerization takes place in
glass lined water-jacketed steel reactors. The materials in the reactors
which are under constant agitation are allowed to polymerize to about §0-70
percent reaction. At the time of discharge from the reactors “shortstop” 3
]

chemicals are added to terminate the reaction. The latex is then delivered
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to the blowdown tanks for holding.

In the recovery area the unreacted moromers dre recoversd from the Jatex,

Butadiene is recovered through a distillation process. Styrene i: removed by
12w pressure steam "stripping” on a column.

The final area of the Prcressing is called the coagulation ang finisning
area. In this area the latex is storad in larga tubs and the antioxidant
emu]siqn is added fgr preservation of the produc. during the drying process.
The latex is then coagulated through the addition of a brine and concentrated
sulfuric acid. With the charge in the H most of the soap is converted into
fatty acids. Fo]]owing this procedure the crumbed product s washed and
subsequently shredded, dried, and bafed. It is dusted with talc and packaged
in plastie wrappers to store for shipmert.

Many of the plants visited produced forms of rubber other than SBR. They
either did this in separate operations or buildings ¢: in the same operation

_but at different Foints in time. Some plants even produced-nlastics.

The plants also varied according to the additional support operatisns
which were present on site as, for example, antioxidant manufactures. None of
these additional operations were very large or included a substantial number
of employees. Most plants had a "pilot" Processing plant in which new pro-
cedures or changes in the current manufacturing processes were tasted

experimentally, The number of emplovees in these special Operations ware also

very limited.

Descrintion of Current Study

A.  Study Population

v ,
Th2 current study assesses the mortality exqipjence of workers in eignt

rubber plants in the U.S. and Canada, all of whem produce Styrene-butadiena rubber

polymer. AN the rubber plants involved in the study provided the research
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soam direct access to their records. Thus all information whiznh is ~~cluced

in the follawing report has been obtained directly by the reszarch zam from
plant reccrds or frcm those of outside agencies such as Sccial Securty.

The personnel records for each facility were filmed on-site. e
available data for each individual included employee name, social sscurity
number, information on job history, time of employment as well as birth date
and any death information. Record; of retirees from the industry, zithough
limited, were also filmed.

The information available from these records was abstracted anc nlaced
on a computer tape. The information on jebs was classified into genaral work
areas wi<hin the industry and jobs within each area were ccmbinéd according
+o0 related work activities as observed during the initial on-site visit.
Further evaluation of this job dictionary should be completed by industrial
hygienists from the incustry. An individual's jobs were coded according to
first job, last job, and longest job held during the period of employment.
In the analysis jobs were combined into the four general work areas for
comparison, production, utilities, maintenance, and other jobs. Dates of
first and last employment were included for determining total duraticn of
work within the industry.

In reviewing the dates of duration of employment of individuals during
the analysis, it was determined that records were not compliate from the
boginning of operations at 211 niants. In one plant, only blue collar workers®
records were included. In three other plants, records had not teen retained
throughout the period of operation of the industries. In the analysis, we
have determined the noint at which reccrds appear to be complete for ail
individuals within the plant. This was done by determining from wnich point
in calendar time forward there were records of workers with both long-term

and short-term employment. For example, if we aexamined employee records for
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for 1955 and found that all workers had been empioyed five years cr "cré then
we would know that the records are incomplete for about five years zfter

1955. We have found the start date for cohort analysis within eacrn <f the
industries using this method of duration of employment.

The populaticon was followed for vital status by several means. The
first method was through the Social Security Administration (SSA). Two
submissions of records were completed for the Social Security identification
of deaths. This was done hoth to update the ~ypulation records threugh
December, 1579 and also to identify those who were assumed 1iving by the
Social Security as distinguished from those whose records were unmatched. In
the initial submission, the SSA had only identified the deceased members of
the population. In the second submission, the SSA separately identified
those who were probably alive because they were paying or collecting Social
Security benefits, the additional deaths and the population whose vital
status could not be determined by the records. The second method of jdenti-
fication of vital status was through the Motor venicle Administration in the
states in which the plants were Jocated. These systems could not be used to
determine the vital status of the Canadian workers. To determine how many
individuals were actually deceased of those identified as living by these
record systems a direct follow-up of a sample of these U.S. and Canadian
workers was completed and will be described below. In addition, all in-
dividuals who were unmatched were searched through telephone directories and
motor vehicle departments from the local area to determine vital status.

For any individual who was identified as deceased the death certificate
was sought from the local heulth department. The underlying or primary cause
of death as well as all other causes of death were classified by a nosologist

according to the 8th revision code of the International Classification of
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Diceases. Only the primary cause has been used in the analysis so trz: the
ceding of deaths would be similar to those of the U.S. ropulation whizn was
used as ccmmarison. For any individual who did not have a cause of zz3th at
the time of analysis because a certificate had not yet been received, the
individual has been listed as deceased with cause of death undetermined.

The method of fo]]ow-ub of workers in the Canadian plant was different than
that of the U.$. workers since there has begn no national insurance system until
recently. Most of the personnel records in Canadian rubber plant did not in-
clude the numbers reiated to the Canadian benefit system unless the employee
was a recent or current worker. Deaths of workers from the Lanadian slant were
identified through their cwn insurance pian which paid a death tenefit for
anyone who had worked for three years or more in the plant. This benefit was
explained to all individuals who were terminating employment with the industry.
Since the data from the Canadian plant indicated a similar overall mortality to
that of the U.S. plants it was felt that ascertainment of death turough this
system was very good. Direct follow-up of assumed living in both U.S. and
Canada indicated that we missed akout the same proportion of deaths through
either the U.S. cr the Canadian system.

The study population includes males who worked more than one year and
whose racords included dates of employment and birth. Table 3 indicates the
proportion exc]udéd for reason of sex, year of first employment, duration of
empiloyment and missing data on dates of employment and birth. Each descending L
category is exclusive of all workers omitted in preceding categories. Thus,
if females are excluded in the first catagory, all omissions of workers who §
were employed less than 12 months would be males. Females and short-term

workers were excluded because of the difficulty in identifying deaths in these

groups. It was also felt that the total exsosure to chemicals used in rubber 4
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polymer manufacture would have been brief and therefore, ;robably les: important
in the total work history of the individual.

Informaticn on race was limited in two of the plants where we wouid have
expected a racial mix {table 4). 1In one case the total population was not
complete from the beginning of processing and the numbers were small. In the
second case, the population was three times larger and inclusion of the
unknown racial group as white could have influenced the findings. Tnis factor
would be particularly important in assessing mortal<ty in the biack sosulation.
Individuals would be classified by race on the death certificate and thus
would correctly designate race for the numerator of the morf§1ity rate but
the denominator would be undercounted resulting in an inflated mortality. In
order to cantral for this factor mortality data for the black population had
been examined for all plants and for those where information on the racial
composition of workers was complete in urder to determine whether the findings
were similar.

The dates of first production are indicated for each of the plants in
table 5. 1In all cases we have excluded any worker whose records indicated he
left employment before the start of production cn the assumption that he may
have been involved in planning or preparation but not actual processing.

The total number of personnel records which were available for analysis
are indicated in table 3 and were 29,179 (table 3). Following the exclusions
a total of 13,920 waorkers or 48 percent of the original group would have been
eligible for study. In some of the analyses we have utilized this total
population which we classified as cohort II (table 6). When examining the
employment characteristics of workers, it appeared that records for early
workers were often erratically retained, as seen in table 7, hcwever, we could
identify for each plant the year from which record-keeping was complete.

Therefore, we have done aralyses using two other cohorts, one in which only

)3
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indivicuals who started employment after the beginning éf compieta recori-
keeping would be included (cohort II[I on table 6) and one in which all
individials who were employed at the time of the start of compiete recorz-
xeeping or anytime thereafter were included {conort I on tabie 6). Most =f
the analyses have been done using the worker records defined in Cohort )

since that rovides the largest population which can be completely identified.
In most cases, the conclusions did not differ depending on the definitica of

the cohort for study.

Follow~up Study

Following identification of deaths through two searches by ‘the Social
Security Administration, there were several groups of individuals for whom we
still had no information on vital status (about 12%). The first group were 673
individuals who had no or an incorrect number or whose vital status could not
be determined by SSA. This would include individuals who were not paying into
SSA but had not requested any benefits or submitted a death ciaim. Their
status was unknown. The second group Wwere cirrent workers when we determined the
total population and were never sent through SSA. Since the second SSA search
included follow-up through 1979 we wished to know the ex;ent of the error if
we assumed these workers are alive. These workers numbered 952. For the
group assumed living but not employed in 1981 we have selected a 10 percent
sample in each piant for a total 553 employees and included them for active
follow-up.

Individuals were traced by telephone 1istings, motor vehicle administration
address and last known plant addresses. Telephone verification of worker status
was ccmpleted before attempting to send a questionnaire. The vital status of
the worker was cbtained on telephone contact. 'he questionnaire included data

on gmoking nistory, other jobs, and exposures. However, these data have not

/7




fatanoski FEALl L e i Toie e e
Page 1+ Manufzcurs~1 Study

been analyzed,

We were unable to locate a high percentage of the populaticn usi-g these
1imited means in the time available. As seen in table 8 only 42 percant of
the follow-up group could be traced. Additional methods of tracing czuld have
been completed but with each method the number of additional contacts are
usually few and’the time required for the effort increased. Of those located we
found that about 4 percent of the population which we assume are Tiving are
actually dead as shown in table 9. The proportion is slightly higher for
those who are unmatched in the Social Security searches than in those we
assumed were 1iving. There is little difference in the misclassification rate
between Canada and U.S. despite the variation in the method of determining
deaths.

The final classification of vital status by plant is indicated in table
10. After correcting the data for vital status as determined by telephone
contact and adding a further update for those whom the company knows tc be
alive through current active employment or retirement, we are left with
10,899 workers known alive, 2097 known dead, and 924 whose status is unknown.
For the total group of workers we know the vital status for 93.4 percent of
the population. If four percent of terminated living workers are actually
dead, then the overal] error is probabiy less than this since current workers
are also included in that category. However, if the percent is as high as
zatculated we might have missed as many as 440 deaths or 17 percent Qf the
total possitle deaths. Most studies of occupational groups have nat attempted
to determine the error in vital status. [f the missed deaths are pro-
portionally distributed over all causes then the relationship of each cause to
the total mortality will not be altered.

When we terminated data collection we had received 9U percent of the

death certificates requested. The completeness of cause of death information
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differed only slightly by plant with 83 to 96 percent of certificates rezzived.

Method of Analysis

In order tc calculate the standardized mortality ratios for workers
compared to the general population, a computer program developed by Monscn was
used. In this program the death rates for U.S. males, white and black, are
applied to the total person-years of life in :ach racial group of workers to
determine an expected number of deaths which would have occurred had the
rubber workers died at the same rate as the general population. The pregram
uses rates for all deatﬁs as well as for specific causes of death. The
calculation not only adjusts for differences in the population by age but also
adjusts for calendar time since death rates, especially for specific causes,
may change rapidly over time. Therefore, the standardized mortality ratio
(SMR) as reported is the ratio of the actual deaths to the expected number of
deaths dased on U.S. rates adjusted for age and time. The program was -
modified in order to apply to the population as defined for inclusion. Since
we did not include anyone who had worked for less than a year in the plant,
it was necessary to withdraw from follow-up all individuals for the first
year of their work since they were not at risk of death during that period.
Thus, if a man started in 1953 his person-years of follow-up could not start
until 1954, This "lagging” modification was applied to all analyses. The
period of time from first employment to the time of withdrawal from the study
either by death or by termination of the study has been calculated and termed
as the period of latency. This period must include the time frc¢ ' first entry
into the plant rather than the beginning of the period of follov - ore year
later. Every worker,therefore, has had at least one year in which J - “lop

disease or one year of latency.

~—— -
— e mrn
————




HMatanoski KERUL & v e e
Page 16 Manufacturing Study

Analysis was done separately for each of the cohorts defined in table 3.
In addition, SMRs are calculated for the white population and the black
population and then the ratios were combined. This meant that total ratics
were corrected or "controlled” for differences in age, race and.calendar
time. Plants 3 and 4 had incomplete identification of race for the employed
population. Ther- -re, an analysis was carried out in the three plants which
had a black population which represented 10 percent or mare of the total
population and has complete racial information (plants 6, 7, and 8). The
cohorts in these plants have been followed since 1943 and the information on
all characteristics within the plants were complete. Therefore, an analysis
of the 1943 through 1945 cohort was done in order to providé a comparable
analysis to that which NIOSH had reported.

Most of the following analyses will be done with the population of
workers who were employed at the time of start of complete record-keeping of
who were hired after that time (cohort 1). This population will be referred
to as “rubber'workerS" wnich in this case means employees in the SBR polymer
manufacturing. The group was followed from the beginning of the plant
producticn or the time of start of records. The data in table 12 indicate
the age distribution and year of entry for both the racial groups. The total
eligible population has been reduced by about 312 when the records from
incompiete years are excluded for four plants. A total of 1995 deaths have
occurred in this cohort through 1979 with the SMR of 81 percent of the value
f r the general population. The SMRs calculated for each of the other cohorts
1 ¢4 in table 6 were almost the same.

. “he black and white populations have been followed on the average
about 19 t. ¢ years since the time of first employment. The average age of
start is somewn : older than one might expect but this may reflect the older

ages of persons sta: ting work in the early years of the industry. The average

/7




HMatanoski ARCOrT of SxNINe Il faoud
Page 17 Manufacturing Stuc:

age at death of this population is relatively young, €1 years, which ‘s oa
reflection of the overall young age of this population. This, in turn,
reflects the recency of the development of the industry. IMost workers have
not yet experienced the high mortality of old age.

The standardized mortality ratios by calendar time are presented in
table 14. The overall SMR for black males is slightly higher than that for
white males but the combined ratio for both populations is lower than the
overall rate for the U.S. males. The overall SMR for each calendar time
period is lower in the earlier periods than in the later periods. The low
mortality in this population and the increasing mortality trend with time
are reflections of the "healthy worker effect” which is most marked in the
early periods of employment when the selection process has the strongest

influence. That is, immediately after hiring the mortality of workers has

lower death ratios compared to the U.S. population and subsequently the ratios

rise to become closer to that of the general group. It should also be noted

that the ratios for the period 1975-1979 are somewhat lower than in the
previous periocd 1970-1974, even though there had been a steady rise in the
ratios prior to that time. This may reflect same missing deaths which were
not known to Social Security in the later years. If most of the three to
four percent deaths which we found in the assumed living were actually
occurring most frequently in the later time periods as we observed then the

ratio may be approaching unity.

The standardized mortality ratios by duration of employment and latency

or duration of follow-up for the white and black populations are shown in

table 15. The data in these tables indicate that the standardized mortality

ratios do not appear to increase with the increasing duration of employment

but do appear to increase with increasing latency period. In most cases &
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rise in the mortality ratios in relation to longer periods of empioyment
would signify an assumed "dose-response" relation. The more exposure ore had
to the industry the greater the risk of death. Instead, in this case, we see
a peak about 20-24 years after first exposure. Small numbers in the grouss
with longer employment may have influenced the ratios. An increase in
mortality ratios correlated with latency is more difficult to attribute t2o
exposure within the industry but it may signify an exposure to a toxic
material at some point in time and a long period suhsequently before disease
appears. After about 15 years of latency, the mortality for black males is
equal to or exceeds that of the general black population of.the U.S. In the
white population the standardized mortality does not exceed that of the
general population until 35 years of latency have passed although it
approaches the U.S. rates about 10 years earlier. These data would suggestl
that, in an industry as young as that ot synthetic rubber polymer production
if the latent period for all causes of death is somewhere between 25-35 years
after first exposure to the industry, we may not have followed these
populations long enough to have identified all the potential hazards.

This relationship of time and mortality is much 12ss impressive than the
inter-relationship of duration of employment and latency. As long as the
individual is employed or has been working during the same five-year pericd
as his follow-up, he has a very low risk of death compared to the general
population. Once he has left employment for about three to five years, there
is a sudden increase in mortality. 1t would be of interest to investigate
whether the individuals left the industry because of illness and this in-
creased the post-departure SMR. It is possible that other experiences aftar

leaving the industry also contributed to the ris«..
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The standardized mortality ratio for selected causes of dea=wn ars ‘ndicated
in table 16. The overall ratio for all causes oF death in white imaies s n.7¢,
a ratio which represents a significantly lower mortality among tne rulzer
workers than in the general population. The mortality ratio for malizrant
neopiasms is siightly higher with a value of 0.82 but it, too, is a ra=ig which
is significantly below that expected on the basis of the general popu-ation.
In fact, most of the values seen in this table are significantly belcs the
death rate for that disease in the general population. Since so many ratios
were low, we have chosen not to designate those that are significantly low
since these figures would not be relevant. There are no causes of death which
are significantly higher than one would expect in the general population for
white males. According to the accepted procedures in most occupaticral
studies (18) where the ratio for all causes of death is low, 2 further
investigation of causes which are at or siightly above the level of the
general population is considered worthy of study. In this case, the sites of
interest would include some cancers of the digestive organs, cancer of the
larynx, possibly cancers of the testes and kidney, and Hodgkins disease.
These diseases all demonstrate a mortality ratio near or above the level of
that condition in the general public even though, in general, rubber workers
nave had a mortality only 78 percent of that of the U.S. white population.
This concern is based on an assumption that all diseases should be lowered toO
the same degree in working populations. That is probably not the case. Thus,
further investigation may not reveal any specific exposure in the industry
which is associated with these conditions. It would be helpful if we could
compare this population to another with a low overall mortality experience.
The professional groups we have under study have a comparably low mortality

and might be suitable even though they differ socioeconomically.
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The standardized mortality ratio for all deatns for the hlack ~opu 2tien
of rubber workers is similar to that of the general population of Slacks in the
U.S. with an SMR of 0.98. Since this population is very small there arz very
few rates which show a significantly high or low value despite the fact that
there are several ratios which are above or belew the expected ratio of unity.
(A ratio of the unity would suggest that the rubber workers had the same
expected risk of death from a specific cause of disease as did the gen=ral
black population in the U.S.) The only ratio which is significantly righer
than the expected is that of arteriosclerotic heart disease. The risk of death
from this disease is 28 percent higher in the rubber workers than in tre
general population. Saveral other ratios are comewnat high and may need
further investigation but the ratios are based on very small numbers. For
those causes which have five or more deaths, the elevated ratios include
stomach cancer, 1ymphopoietic cancers, and vascular lesions of the central
nervous system.

The ratios for the total population are not significantly different from

" the overall U.S. males. In the combined population ratas, the white male group
is so much larger than the black that all of the findings are similar to those
for the white population alone.

The increase in arteriosclerotic heart disease in blacks may be related to
the fact that some of the plants did not have complete data on the racial
distribution of all workers. Under these circumstances we may he over-
estimating the number of deaths among Slacks compared to the denomina{or of
black ‘iving populaticn. The correct race among deceased individuals could be
identified from death certificates but the only way to identify race in the
1iving population was through personnel records or direct contact. Some plants

did have complete records of racial distribution. In the three plants in which
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race was identified on personnei records, we have examined the overall ¢ for
the black and wnite populations. Although the SHR for the white population
increased to 0.83 for these piants compared to 0.78 for all workers, the ratio
for the black has dropped from 0.98 for all plants to 0.81 for these three
plants. This would be expected if the condition we described had influenced
the observed ratios in blacks. The standardized mortality ratios for specific
causes of death in blacks have aiso decreased in these three plants comoared to
tne total. The black population did not have a significant excess of
arteriosclerotic heart disease. Thus, some of the high ratios in blacks was
perhaps due to the hiased identification of race in the deceased. The standardized
mortality ratio for heart disease in the black population, however, is still
higher than one would expect based on total U.S. rates (SMR = 1.11). The
axcess cancer ratios for specific sites seel to be similar to thoce seen for
all workers. It is apparent, however, that these three plants differ from the
total population in regard to their risk of mortality for several diseages in
both the white and black populations. Therefore, any variation may indicate
that the plants have differences in risk depending on their operations or on
local characteristics of the populations such as ethnicity. It is also
péssib1e, since none of these diseases have significantly high death rates

and since there are inconsistencies ia the findings in the groups, the
differences may simply reflect the normal variability which one might expect
in taking mulitiple samples from a single population.

The analysis of the popuiation of workers using other definitions of
cohorts for study (table 7; did not cause marked changes in previous con-
clusions. There were no significantly high mortality ratios except for
arteriosclerotic heart disease in black males. There were excessive ratios for

specific causes of death which would warrant investication such as the cancers
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of the digestive organs, jarynx and kidney in white mates and, 7 acc--ion,

cancers of the liver, prostate and lymphatic system in black maies. T1e mortality

ratio for vascular lesions of the central nervous system was also nign in the
black workers.

In table 17, the range of SMRs for specific causes of death for wnite
males are recorded in order to examine possible differences related 10 sampling
variation. The numbers in any single plant are very small but a persistently
high SMR for 2 disease in all plant: might suggest that this cause of death was
more important to jnvestigate than others. This did not seem +g occur with any
cause. . .

It seemed possible that higher mortality ratios for arteriosclerotic heart
disease in black than in white males might result from differences in exposure
by race. The range of jobs assigned %0 white populations might have had more
variability, nave involved less exposure to potential hazards and have
represanted a nigher socio-econcmic jevel that those assigned to black males.
To test this hypathesis we have examined white and blue collar workers accord-
ing to the specific causes of death in table 18. The classification scheme
was based on last job held. We have 2lso recorded first and loncest job held
as well and for most men all three classifications were the same. Thus, most
workers had only had one job accaording to the coding scheme ysed. Those
causes of death which were of interest in pravious discussions are noted in
the table. The numbers of blacks in white collar jobs are few. The overall
mortality ratios o not indicate much difference in death rates despite
differences in socio-eccnomic status. The excasses of cancers of the
digestive organs appear to be more common among plue collar than white collar
workers. Oeaths from cancers of the kidney and testis have all occurred in

blue collar workers. The small excess in death rates from chronic rheumatic

)
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heart disease and chronic nepnritis are associated with white collar jc:
The workers' jobs were classified into four large groups so tnat zich

class would contain sufficient numbers of workers to allow for acequate

sample size to determine specific risks within the groups. The cata are

presented in table 19. The total population in this table is less than in

table 18 because only workers with specific jobs listed in each of the Tour work

areas have been included, whereas, blue collar jcbs included all job
classifications which were not defined as white collar. Both tables have
eliminated workers for whom no job or work area was listed,

In the production area the mortality ratio for all causes is slightly
higher than the ratio for the total population. There are no ratics that are
significantly higher than one would expect based on the U.S. population but
there are some which are above the overall risk of mortality in the group and,
therefore, deserve further attention. These conditions include the cancers of
the lung, prostate, kidney, and the lymphatic system. Hodgkins disease appears
to have high ratios in all work areas and, therefore, may represent a ccmmon
exposure or perhaps an artifact.

In the utilities area which includes the refrigeration and power plants,
the number of workers are small so it is more difficult to detennine_the
importance of excess ratios. Cancer of the larynx occurs significantly more
often in this group of workers than in the U.S. population. According to
these findings the risk of this cancer is 4.7 times higher in rubber workers
assigned to the utilities work area than it is in the general population.
Cancers of the digestive organs and diseases of the respiratory system have
high ratios which are not significant. Several other diseases also occur in
excess in this group of rubber workers but the numbers are too smalil to be

able to evaluate whether these findings are important.
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The workers in maintencnce which includes pipefitting, electrical work as
well as tank cleaning have a significant excess of testicular cancer ~ith all
th2e cases in the population occurring in individuals from this work area.
There are high ratios for cancers of the digestive organs especially cancers of
the stomach and large intestine, cancers of the lung and chronic neonritis.
There is an increase in the mortality ratio for Teukemia not only in workers
assigned to this area but also those in utilities and other jobs, excaspt
production. Thus if there i: - in.reased risk of leukemia in rubber
manufacture as suggested in the NIOSH study, it would not seem to be related to
an exposure to styrene or butadiene. The NIOSH ctudy indica;ed Fhat the
highest level of exposure to these chemicals was usually in the production area
although occasionally workers in other areas such as maintenance had exposure i
to butadiene (19).

Work in areas other than production, maintenance and utilities was
associated with a signifiéant]y increased risk of cancer of the liver. The
mortality ratios for cancers of the bladder, larynx, and brain are elevated
compared to the overall mortality ratio but the numbers are small and thus
excesses may not be important. Disease of the nervous system and vascular
lesions of the central nervous system are alsoc eievated in this work group but
the excesses are not significant. There is a significant excess mortality

from chronic rheumatic heart disease and an non-significant excess of chronic

nephritis. Since the rheumatic heart lesions and some cases of nephritis are
caused by streptococcal infection it is difficult to determine how thése lesions
could be associated with work in the rubber polymer manufacture. We must
suppose that individuals with these medical conditions were selected for work in
this industry perhaps because the work was light. In view of this finding we

also must examine more closely the findings for all werk groups. With the
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large number of disease groupings that we nave included and four different wcrk

areas, it is very likely that some would show an excess and even be significant.

Further investigatiaon is needed to establish the validity of the job classifi-
cations and then develop a case-control study to see whether these differences
are aszoniated with snecific jabs. Although in the total population, leukemia
did not occur in excess, it was ttat there were dif<z-ences in risk by cell-
type. Therefore, information on celi-type and characteristics of leukemia

were sought {rom the death certificate. I[n addition, the specific cell-type
was examined for larynx cancer, colon cancer, rectal, stomach and esophagus.
This recheck of death certificates alzo provided us an oppor;unity to validate
the cause of death as they appeared in the analysis. The cell-types for the
intestinal cancers as well as the larynx cancers did not show any remarkable
difference in cell-type over that expected. Almost all of the lesions were
carcinomas. There was no indication of increased risk of unusual cell-types
specifically carcinomas among the group who had been exposed to the rubber
industry compared to the distribution in a general pcpulation. There were nine
acute lteukemias and five chronic leukemias and three which were not specified
as to whether they were acute or chronic. The median duration of the leukemias
was 17 years from the time of first employment. The distribution by cell-type
were as follows: 6 unspecified, 4 myelocytic, 1 lymphocytic, 1 eosinophilic,

3 blast or stem cell, and 2 monocytic. These types do not have a remarkably

different distribution from that seen in the general population.

Summary
The study of workers in the SBR polymer manufacturing industry has
examined the mortality experience for males employed for one year or more in

eight plants in the U.S. and Canada. Workers have been included if they were
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emplayed at any time from the start of complete records in the piant. Jther
definitions for inclusion were alsc used. Hone of the analyses demonsirated
significant excesses in mortality for all causes or for specific disezses in the
total population. There are some cancer sites which are associated with higher
SMRs for white males than the overall mortality ratio 0.78. These may indicate
important health effects from this industry but they need further investigation.
These diseases would include cancers of the digestive crgans, larynx and kidney,
and Hodgkins' disease. The population of black males appears to have 2
significantly elevated risk of arteriosclerotic heart disease. Vascuiar lesions
of the central nervous systam also occurs with increased frequer-y in black
males from this population compared to the general U.S. population but the
increase is not significant.

An examination of the mortality of workers according to jobs has suggested
several other differences. Testicular cancers are occurring in excess in
maintenance workers: liver cancer and chronic rheumatic heart disease in workers
who hold other jobs were also excessive. The most interesting observation is the
fact that digestive system cancers such as esophagus, stomach and large intestine
cancers and larynx cancer appear to be occurring in the utilities and maintenance
work areas. This may suggest a common exposure in the tio areas. On the other
hand, Hodgkins' disease appzars to be excessive in all work areas. These
findings indicate that, although the overall risk in the industry may be low,
there may be specific areas with higher risks. One could also explain some of
these differences by area because the large number of diseases investfgated

for each area may have allowed some fallacious associations to appear.
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Table 1. SBR Polymerization Formula
Hot Rubber

Butadiene

Styrene

Dodecyl mercaptan

Potassium persuifate

Soap

Water

Short-stop solution
Hydrogquinone<
Sodium sulfite

Table 2. SBR Polymerization Formula
Cold Rubber

Butadiene

Styrene

Potassium soap

Trisodium phosphate

Tamol N

Sodium formaldehyde sulfoxylate
Ferrous sulfate

Versene Fe-3

Para-Menthane hydroperoxide
Tert - dodecyl mercaptan
Water

Short-stop -

L S

Originally 2,4 dinitrochlorobenzene™--

later dithiocarbamates.
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abhle
Race Distribution by Plant

1 2 3 4 5 6 7 8 Total
[} ) L * ? % # % 7 )3 [ z § |4 % i 4

White [465 96.5| 994 77.7 | 206 10.0]302 46.3 99 2.111369 76.1] 1502 71.4)7¢2 80.8 | 5653 40.6
Black 15 3.1 126 _ 9.9 96 4.6] 10 1.6 0 ----] 423 23.5| 201 9.6|120 13.4 991 7.1

Other 1 <1 1 <1 0 ----1 il 1.7 2 <.l 6 0.3 34 1.6] 6 .7 61 .4

Unknown 1 «<.1| 158 12.4]1767 85.4|329 50.4 |4540 97.8 1  <.1} 367 17.4|46 5.1} 7203 51.8

TOTAL | 482 1279 2069* 652* A641* 1799 2104 894 13920

*Plant 5 had employed few or no blacks at any time in their history. Plants 3 and 4 were known to have employed
black workers.
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Table 5.

First Production Dates for Rubber Plants
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CDNO’\U“-PMND—‘

Mo/Yr
10-57
9-43
9-43
7-43
1-43
3-43
10-43
7-43
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Table 6.

roups -

Cohort I -

Cohort II -

Cohort IIT -

Note:

Definitions of Cohorts for Analysis

Females, workers employed less than one year, and
those with missing birth date or employment date
are omitted from all. a ‘

A1l workers employed in each plant at the time the
record-keeping system is complete.

A1l workers employed in each plant whose records
were in the system.

A11 workers who were hired from the time pf the
complete record system.

Most analyses will be done with cohort I since it provides
the largest populatizn which would be appropriat2 for
analysis.
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Table 7.

Comglete Cohort Start Dates

Cohort Start

1964
1958
1643
1953
1943
1943

1943
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Table 8.

Summary - Contacts Made

Contacted Not Contacted iotal % Contacted

Unmatched/Unknown 265 408 673 39
Not Searched 385 567 952 40
IAssumed Living-CN 110 ] 113 223 | 49
Assumed Living-uUS 145 185 330 44
Total °g5 1273 2178 a2

Table 9.
Vital Status of Those Contacted

1otal Contacted §1v1n§ Oegeassd

Unma tched/Unknown 265 280 ¢4 15 &

__Not Searched ! 385 374 97 11 3

Assumed Living-CN 110 106 96 4 4

Assvmed Living-us ! 145 140 97 5 3

Total a0s ! 870 96 35 4

T e » NS v o 4 ol i ook K
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Table 11,

Results of Death Certificate Search
for Analysis Population

Plant Total Alive Lost to Known CC's . i 5 3C's
Employees Follow-up | Deaths | Received Recexved‘
1 482 396 52 24 23 [ 36
2 1279 1037 111 131 125 , 95
3 2069 1505 210 354 300 } 35
4 652 354 41 57 49 ! 26
5 4641 4020 8 613 586 ’ 36
6 1749 1380 114 305 279 91
7 2104 1571 164 369 307 83
8 894 436 214 244 218 ' 89
Total 13920 10899 924 2097 1887 90

B4
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Table 12.

Population Present From Start of Plant Records
By Age, Race and Year of Entry into Follow-up

Cohort I

<20
20-29
30-39
40-49
50-59
60-65
Total

Year of Entr

Y
1943-1949 1950-195G6  1960-1969
W8 W B W B

267 18 504 8 351 10
1324 100 1801 104 1975 124
1225 128 922 88 651 63

596 80 366 45 175 13

209 41 73 4 28 1

21 11 4 3 0

[}

3642 378 3670 250 3183 211

1970-1976
W8
319 14
1237 123
356 46
130 16
30 3
0 0
2072 202

Total
Mo B
1441 50
6335 451
3154. 325
1268 154
340 49
28 12
12567 1041

Combined
Total
Was

1491

6786
3479{
1422l
389
40

13608

N R B vt e
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Table 13.

Characteristics of Population by Race

Total Persons

Average Survival
Average Age of Entry
Average Year of Entry
Average Age of Death
Average Year of Death

Total person-years of
follow-up

Cohort 1
White
12,567
20.26 years
29.17 years
1,957.69
5{;9} years
1,969.52

225,599.6

Black
1,041

17.54 .years
33.65 years
1,958.36
60.88 years

——

1,968.61

18,255.8

37
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Table 14.
Standardized Mortality Ratios
by Race and Calendar Time in Cohort I

A1l Plants

Calendar White Black Total
Years Deaths  SMR Deaths  SMR Deaths  SMR
<1949 17 0.326 6 0.301 23 . 0.315
1950-1954 71 0.732 14 0.499 85 0.680
1955-19%9 139 0.761 30 0.855 169 0.778
1960-1964 214 0.784 40 0.886 254  0.799
1965-1969 313 0.789 63 1.111 376  0.830
1970-1974 449  0.854 73 1.162 522 0.887
1975-1979 487 0.766 79 1.291 566 0.812
TOTAL 1690 0.782 305 O 0.807

.984 1995
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Table 16 continued

Specific Cause

Cancer other lymphatic tissue
A1l lymphopoietic cancer

Benign neoplasms

Allergic diseases

Diabetes

A1l diseases blood

A1l diseases nervous system

A1l diseases circulatory system
Chronic rheumatic heart disease
Arteriosclerotic heart disease
A1l vascular lesions of CNS**
A1l respiratory diseases
Emphysema

A1l digestive diseases

Gastric and duodenal ulcers
Cirrhosis of liver

A1l diseases genito-urinary system
Chronic nephritic

A1l external causes

A1l accidents

Motor vehicle accidents

Suicides

= Significantly high ratios with p = 0.05 or less {significantly low ratios

not designated) Chi-square test

#* CNS = Central nervous system. The majority of lesions in this classification

are referred to as “"strokes.”

White Black Total
Qeaths SMR  Deaths SMR  Ceaths 3SMR
8 0.82 2 1.68 10 0.92
35 0.80 5 1.41 40 0.85
4 0.67 0 o 4 0.60
15 0.42 3 0.56 18 0.44
13 0.43 3 0.63 16 0.45
2 0.41 1 1.23 3 0.53
16 0.85 1 0.35 17 0.79
304 0.74 (164 .1.15) 968 0.79
19 0.81 1 0.42 20 0.78
599 0.77 86 1.28* 685 0.8l
101 0.73 41 1.27 142 0;83
77 0.64 12 0.68 89 0.64
19 0.59 3 1.64 22 0.65
48 0.4% 13 0.89 61 0.48
10 0.65 1 0.55 11 0.64
18 0.30 7 0.98 25 0.37
18 0.63 4 0.40 22 0.57
10 0.92 3 0.76 13 0.88
135 0.53 32 0.83 167 0.57
93 0.55 21 0.97 114 0.39
43 0.50 5 1.02 52 0.57
30 0.51 3 1.38 33 0.55

U;

L




Table 16.

A1l Flants
White Black Total

Specific Cause Deaths SMR Deaths SMR  Lezths  SMR
A1l causes 1690 0./8 306 0.98 13¢5 0.81
A1l cancers 349 Q.83 49  0.%6 398 0.84
A1l infections 13 0.46 6 0.50 19 0.47
Cancer oral cavity 4 0.29 0 © 4 0.25
Cancer all digestive organs 114 C.98 16 0.93 130 0.97
Cancer esophagus 14 1.42 0 O 14 1.08
Cancer stomach 21 0.94 6 1.19 27  0.95
Cancer large intestine 39 1.U6 3 0.92 42 1.05
Cancer rectum 7 0.52 1 0.79 8 0.54
Cancer liver 6 0.75 3  2.00 g 0.95
Cancer pancreas 20 0.87 2 on 22 0.85
Cancer respiratory system 120 0.84 14 0.93 134 0.85
Cancer larynx 7 1.08 0 0 7 0.95
Cancer lung 112 0.83 14 1.00 126 Q.85
Cancer bone 2 0.87 0 ¢ 2 0.79
Cancer skin 3 0.36 1 3.41 4 C.47
Cancer prostate 18 0.75 8 1.40 26 0.88
Cancer testis 3 0.92 0 0 3 0.85
Cancer bladder 8 0.67 1 0.84 9 0.68
Cancer kidney 11 1.03 0 0 11 0.96
Cancer eye g 0 0 0 o 0

Cancer brain 11 0.78 0 ¢ 11 0.78
Cancer thyroid 1 1.15 0 o0 1 1.05
Lymphosarcoma 4 0.41 1 1.65 5 0.49
Hodgkin's disease 8 .28 0 0 8 1.20
Leukemia 15  0.87 2 1.52 17 0.9

Standardized Mortality Ratio (SMR) for
Specific Causes of Death by Race in Cohort I

e

Saleg

i e
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Table 17 continued

Lowest H
A1l Vascular Lesions CNS 0.61
A1l Exc.ernal Causes 0.44Q

* Remaining plants have too few deaths to consider the SMRs

ichest

1.34

2.80

for comparison.
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TABLE 17

RANGE OF STANDARDIZED MORTALITY RATIOS FOR SPECIFIC CAUSES OF DEATH

IN WHITE MALES IN COHORT I BY PLANTS (2,2,5,6-8)*

Total Deathz

All Cavses

A1l Cancers

A1l Infections

Cancer of Oral Cavity

Cancer of All Digestive Organs
Cancer of Esophaqus

Cancer of Stomach

Cancer of Large Intestine
Cancer of Rectum

Cancer of Liver

Cancer of Pancreas

Cancer of Respiratory System
Cancer of Larynx

Cancer of Lung

Cancer of Prostate

Cancer of Bladder

Cancer of Kidney

Cancer of Brain

Hodgkins

Leukemia

Disease Circulatory

Chronic Rheumatic Heart Oisease

Arteriosclerotic Heart Disease

Lowest.

108
0.72
0.64
0

0
0.67
0
0.43

Highest

566
0.88
1.24
G.64
1.10
1.47
3.20
2.57
1.81
1.34
1.48
1.67
1.45
4.90
1.31
1.00
0.99
1.76
1.38
1.84
1.48
0.98
1.27
1.06
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Table 13. i
cardized Mortality Ratios for Specific Causes OF Deazh
r Whita-Callar and 3lue-Collar Jobs by Last Job Helc

Coghort ! - Both Races -

-
SL

[ & T }

A1l plants

Blue White
Numoe
Total zop. lation 11,180 - 2,235
Total deaths 1,700 232
Standardized Mortality Ratios No. SMR No. SMR
A1l causes 1700 0.81 232 0.73
A1l cancers 353 0.88 34 0.58
Cancer digestive grgans 114 1.00 12 0.74
Cancer esophagus 12 1.08 2 1.36
Cancer stomach 27 1.16 0 0
Cancer large intestine - 36 1.05 5 0.98
Cancer rectum 5 0.48 2 1.08
Cancer liver 7 0.86 o] 0
Cancer pancreas 18 0.82 . 3 0.93
Cancer respiratory system 123 0.92 20 0.44
Cancer larynx 6 0.96 1 1.11
Cancer lung 116 0.92 8 0.39
Cancer prostate 21 0.32 2 0.64
Cancer testis 3 1.05 ) 0
Cancer bladdar g8 0.71 1 0.63
Cancer kidney 11 1.13 0 0
Cancer brain 9 0.73 2 0.91
Hodgkins disease 7 1.27 1 0.95
Leukemia 15 0.95 2 0.78
Cancer other lymphatic : 9 0.97 1 0.71
A1l lymphpoietic 35 0.88 4 Q.61
All diseases nervous system 13 0.72 4 1.35
A1l diseases circulatory system 818 0.78 118 0.78
Chronic rheumatic HD 9 0.41 g 2.59
Arteriosclerotic HD 587 0.82 81 0.75
A1l vasc. lesions CNS 119 0.82 14 0.73
All respiratory disease 78 0.67 3 0.53
Emphysema 19 0.65 3 0.72
Ulcers g 0.61 1 0.46
Cirrhosis 22 0.39 1 0.10
Chrenic nephritis 7 0.56 4 2.3
A1l externa® causes 141 0.59 23 0.52
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Tabie 19.
Standardized Mortality Ratios for Specific Causes
of Death by Last Job Keld

Cohort [ - Both Races
All Plants

Production Utilities Mainterance Tther Jobs Total
dumber
Population 3269 550 3683 3329 10831
Deaths 488 115 799 496 1898
standardized Mortality Ratios Mo. SMR  No. SMR  No. SHR  No. SMR
A1l causes 488 0.88 115 0.82 799 0.89 1% 0.83
A1} cancers 94 0.89 25 0.5 168 0.98 85 0.76
Cancer digestive organs 23 0.78 10 1.28 57 1.13 30 0.93
Cancer esophagus 2 0.68 1 1.30 5 1.04 2 0.568
Cancar stomach 5 0.83 1 0.63 16 151 - 5 0.76
Cancer large intestine 7 0.79 4 1.70 21 1.43 S 0.63
Cancer rectum 1 6.3 1 1.15 4 0.72 2 0.56
Cancer liver 1 0.47 0 0 0 0 6 2.61*
Cancer pancreas 4 0.69 1 0.68 S 0.9 5 0.8
Cancer raspiratory system 3 1.01 9 0.8 58 1.04 23  0.82
Cancer larynx 1 0.60 2 4.76" ] 0.37 2 1.1%
Cancer lung 3¢ 1.01 7 0.86 58 1-.09 21 0.80
Cancer prostaze 7 1.3 0 0 N 0.87 7 0.97
Cancer testis 0 0 0 @ 3 2.94* 0 0
Cancer bladder 2 0.70 1 1.19 2 0.39 4 1.25
“ancer kidnay KR P b { 0 o 3 0.74 1 .37
ancer brain 3 0.89 0 0 3 0.67 4 1,15
Hodgkins disease 2 1.29 1 3.45 3 1.47 2 1.23
Leukemia 3 0.72 2 1.98 7 1.08 5 1.1
Cancer other lymphatic 5 2.02 1 1.67 ] 0.26 2 0.78
A1l lymphopoietic 11 1.04 4 (.62 13 0.80 10 0.89
All diseases nervous system 4 0.80 0 0 7 0.9 & 1.15
A1l diseases circulatory
system 233 0.87 54 0.74 39 0.84 252 0.85
Chronic rheumatic HD 5 0.85. 0 0 3 0.34 12 1.96*
Arteriosclerotic HD 167 0.90 40 0.80 278 0.39 189 0.83
All vasc. lesions CMS 34 0.94 7 0.64 53 0.78 4 1.06
All respiratory diseasas 21 0.68 S 1.05 36 0.68 17 . 0.31
Empnysama 6 0.80 2 0.94 7 0.53 4 0.50
Ulcers 3 0.78 0 0 6 0.%4 2 0.47
Cirhosis 10 0.45 2 0.59 8 Q.37 3 0.19
Chronic nephritis 1  0.28 0 0 6 1.10 & 1.7
A1l extarnal causes 38 0.54 10 0.74 66 0.20 42 0.5¢9

* Significant based on ccnfidence limits of exact Poisson distrisution not including unit
Only nigh va]ues tested.
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3 UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
¢ WASHINGTON, D.C. 20460

Barbara J. Price

Vice President OFFICE OF
Health, Environment & Safety PREVTES;'ON' PESTICIDES AND
Phillips Petroleum Company IC SUBSTANCES
Bartlesville, Oklahoma 74004

MAY 0 8 1995

EPA acknowledges the receipt of information submitted by
your organization under Section 8(e) of the Toxic Substances
Control Act (TSCA). For your reference, copies of the first
page(s) of your submission(s) are enclosed and display the TSsca
§8(e) Document Control Number (e.g., 8EHQ-00-0000) assigned by
EPA to your submission(s). Please cite the assiqned 8 e) number

when submitting follow-up or supplemental information and refer

to the reverse side of this page for “EPA Information Requests" .

All TSCA 8(e) submissions are Placed in the public files
unless confidentiality is claimed according to the procedures
outlined in Part X of EPA's TSCA §8(e) policy statement (43 FR
11110, March 16, 1978). confidential submissions received
pursuant to the TSCA §8(e) Compliance Audit Program (CAP) should
already contain information supporting confidentiality claims.
This information is required and should be submitted if not done
So previously. To substantiate claims, submit responses to .the
questions in the enclosure "Support Information for Confiden-
tiality Claims". This same enclosure is used to support
confidentiality claims for non-CAP submissions.

Please address any further correspondence with the Agenéy
related to this TSCA 8(e) submission to: :

Document Processing Center (7407)

Attn: TSCA Section 8(e) Coordinator
j0Office of Pollution Prevention and Toxics
U.S. Environmental Protection Agency
Washington, D.C. 20460-0001

EPA looks forward to continued cooperation with your
organization in its ongoing efforts to evaluate and manage
potential risks posed by chemicals to health and the environment.

Sincerely,

L -.A" f, K —
e e

Terry R. O'Bryédn
Enclosure ',:Lfs~7 Ei/q Risk Analysis Branch
- -

(MY Recycled/Recyclable
%& Printed with Soy/Canola Ink on paper that

contalns at least 50% recycled fiber




Triage of 8(e) Submissions

Date sent to triage: / .,7// V/ 7 6 NON-CAP
Submission number: ! A 5'2 i ; A TSCA Inventory: @ N D

Study type (circle appropriate):
Group 1 - Dick Clements (1 copy total)
ECO AQUATOY
Group 2 - Ernie Falke (1 copy total)
~ ATOX SBTOX SEN w/NEUR
Group 3 - Elizabeth Margosches (1 copy each)

STCX CTOX RTOX GTOX

STOX/ONCO CTOX/ONCO IMMUNO 410 NEUR

Other (FATE, EXPO, MET, etc.):

Notes.

THIS IS THE ORIGINAL 8(e) SUBMISSION; PLEASE REFILE AFTER TRIAGE DATABASE ENTRY

For Contractor Use Only _ ‘
entire document: 1 2 pages ‘ | pages '!a"' +a )9,.5 . |

. Notes:

comrmn:— LPD oun [t
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CECATS DATA:
submission # 8gHQ. A2~ 12813

'I'YPU?I’ FLWP

seq. A

SUBMITTER NAME: ﬂ%.l}.‘@j Pedolevne

CECATS\TRIAGE TRACKING DBASE ENTRY FORM

INFORMATION REQUESTED: FLWP DAIE:

0501 NO INFO REQUESTED
0502 INFO REQUESTED (TECH)
0503 INFO REQUESTED (VOL ACTIONS)

0504 INFO REQUESTED (REPORTING RATIONALF)

) ONS:

NO ACTION R PORTY D

STUDIES PLANNEDAINDI RN AY
NOTIFICATION O WORKE R RS
LARELMSDS (HHANGES
PROCESSHANDL ING (HANGH S

FEFIiLL

DISPOSITION:
Cnmgggq am REFER TO CHEMICAL SCREENING APP JUSE DISCONTINUED
N (L0678) CAP NOTICE PRODUCTION DISCONTINUED
CONFIDENTIAL
SUB. DATE: 08( a3 otspate__ 20 = J‘P CSRAD DATE: 03{ a7 { 35
. L L4
CHEMICAL NAME: CAS®
Qooz -55-3

INFORMATION TYPE: LEC INFORMATION TYPE: PEC INFORMATION TYPE: PEC
Q20D  ONCO (HUMAN) oilDos C’m@ EPVCLIN 01 @e¢ 0241  IMMUNO (ANIMAL) 010204

0202  ONCO (ANIMAL) o1 0204 0217  HUMAN EXPOS (PROD CONTAM) 01 0204 022  IMMUNO (HUMAN) 01 0204

0203  CELL TRANS (IN VITRO) 01 02 04 0218  HUMAN EXPOS (ACCIDENTAL) 01 0204 0243  CHEM/PHYS PROP 01 02 04

0204  MUTA (IN VITRO) o1 02 04 0219  HUMAN EXPOS (MONITORING) 01 0204 0244  CLASTO (IN VITRO) 01 02 04

0205  MUTA (IN VIVO) 01 0204 0220  ECO/AQUA TOX 01 0204 0245  CLASTO (ANIMAL) 0102 04

0206  REPRO/IERATO (HUMAN) ol 1204 021  ENV. OCCCRELFATE 01 0204 0246  CLASTO (HUMAN) 010204

0207  REPRO/TERATO (ANIMAL) 010204 022  EMER INCI OF ENV CONTAM 010204 DNA DAMREPAIR 01 02 04

0208  NEURO (HUMAN) o1 0204 0223  RESPONSE REQEST DELAY 01 0204 @ PROD/USEPROC 01 02 04

0209 NEURO (ANIMAL) 00204 024  PROD/COMP/CHEM ID 010204 0251  MSDs 01 0204

0210 A TOX. (HUMAN) 016204 025  REPORTING RATIONALE 010204 0299  OTHER 01 02 04

0211  CHR. TOX (HUMAN) 01 0204 0226  CONFIDENTIAL 010204

0212  ACUTE TOX. (ANIMAL) ol 0204 0227  ALLERG (HUMAN) 010204

0213 SUB ACUTE TOX (ANIMAL) 010204 0228  ALLERG (ANIMAL) 010204

0214  SUB CHRONIC TOX (ANIM. i) 010204 0239  METABPHARMACO (ANIMAL) 010204

0215  CHRONIC TOX (ANIMAL) 01 02 04 0240  METABPHARMACO (HUMAN) 010204

IRIAQE DATA: NON ONGOING REVIEW SPECIES TOXICOLOGICAL CONCERN: USE: PRODUCTION:

YES (DROP/REFER) Honnd Low Rubbrs
CAS SR NO NO (CONTINUE) MED
1 Tt RMINE REFER HIOH
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