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BACKGROUND
 

This study of mortality in General Electric workers grew out
 
of a preliminary, unpublished study which was part of a series of
 
worker mortality studies undertaken in the late 1970 's. The
 
preliminary study focused on General Electric Company in
 
Pittsfield and found an excess of mortality from leukemia and
 
cancer of the large intestine among those persons where General
 
Electric 's name was entered on the death record filed from the
 
town of Pittsfield,. The findings from the preliminary study were
 
described in 1978 to the General. Electric Company;; which
 
cooperated in the further investigation of the problem,
 

Initially General Electric provided a list of insurance
 
pension records for all employee deaths from 1969 to 1977 which
 
had resulted in death benefit claims. Study of these data,, which
 
included last job at General Electric,, did not change earlier
 
findings. No specific last job type or exposure was ' associated
 
with the proportional mortality excesses noted.
 

In January 1981, it was decided to obtain complete work
 
histories for all pension eligible workers who had died.
 
Subsequently it was decided to undertake a detailed and in depth
 
historical reconstruction of worker exposures to groups of
 
substances considered to be most commonly in use..
 

This reconstruction of exposures for each former employee in
 
the study was attempted for Pyranol (a mixture of polychlorinated
 
biphenyls and trichlorobenzene), trichloroethylene, benzene,
 
other solvents, asbestos, machining fluids and miscellaneous
 
resin systems, Individual work histories were matched to the
 
exposure data base to generate individual estimates of exposure
 
histories to each group of chemicals..
 

«L '
 

Since not all subject work history records were still avail­
able,, the total number of subjects available for study was less
 
than the total number of deaths recorded. In order to maximize
 
the study's statistical power, therefore, the mortality data base
 
was extended twice until finally deaths were included from 1969
 
through 1984,.
 



The final study population, therefore, includes those '
 
pension-eligible workers who died at some time between 1969 and
 
1984 for whom work history records could be recovered. The
 
protocol for the current study was modified and adopted in its
 
final form in 1985.
 

The objective of the study was to determine, to the extent
 
possible, if there was evidence for work related cancer risks. A
 
case-control approach was . followed:; exposure histories of cancer-

cases were compared with those of a control group consisting of
 
workers who died of causes not thought to be related to the
 
exposure under study.
 

OVERVIEW OF THE STUDY
 

Study Subjects
 

The initial study size was 2,914 white male employees who
 
met '"vesting requirements" and whose last place of work was at
 
the GE Pittsfield plant and who died between January 1, 1.969 and
 
December 31, 1984. Those included may have died either while
 
actively employed or after retiring., For all individuals
 
included in the study,, official death certificates were obtained.
 
Extensive efforts were made to collect complete information on
 
all subjects. After exclusions were made for inadequate or
 
absent work history records and appropriate exclusions made for
 
selection of control subjects, a total of l,,714 subjects were
 
included in the study.
 

Work: Hi story Records
 

Work history records were sought for all deceased subjects
 
enrolled in the study but turned out to be unavailable for a
 
substantial number largely due to elimination of these records
 
accordinq to standard company policy on record retention,.
 
Although there was no evidence that the losses were biased there
 
was no way to evaluate the losses.
 

occupational Exposures
 

The following exposures thought to be of primary importance
 
were rated (primarily by systematic overlapping interviews with
 
long-term employees):
 

Pyjranol: a transformer oil composed of polychlorinated bipheny 1 s
 
"(PCBs) (a mixture of isoners but mostly hexachlorobiphenyl),
 
trichlorobenzene (or a mixture of tri- and tetrachloro­
benzene), less than 0,25% phenoxypropene oxides and trace
 
amounts of dibenzofurans. The PCB content in Pyranol could
 
vary from 45 to 80%.
 



Benzene: a solvent used in various departments for general
 
cleaning during machining and assembly operations.
 

IricJ3jLoEoethyJ.ene_LICEl : a solvent used as a degreaser
 

. . . . . . . this group includes Varsol (petroleum spirits
 
CPE 1000 (petroleum spirits and methylene chloride),

methyl ene chloride, kerosene, paint thinners (primarily
 
xylene or toluene based), solvent based paints, xylene,
 
toluene, and naphtha,. Some type of solvent exposure occurred
 
in the majority of plant operations.,
 

: used for machining and fabrication operations.
 
Straight mineral oils were first used, then soluble, oils and
 
finally synthetic oils. There was a very minimal usage of
 
straight cutting oils ..
 

: Used as wet insulation blankets during brazing and
 
weding,. Some insulation pieces were made from asbestos,.
 

: primarily phenol formaldehyde and polyviny1 forma1
 
resin systems.
 

Exposures known to be present, but not specifically rated
 
were:
 

MineraJL_oil: (1.0C oil) used as transformer oil. Pyranol was
 
used as a transformer fluid only in 15-25% of the
 
transformers built and mineral oil was used in the
 
remainder. A review of the exposure to Pyranol was
 
conducted in March 1.988, and the following changes were made
 
to the existing exposure ratings,, in order to improve
 
separation between the exposures to Pyranol and to mineral
 
oil: a rating of no exposure was assigned to all jobs in
 
which there was no dielectric fluid used or in which -the
 
dielectric fluid used was certainly mineral oil and not
 
Pyranol. As a result, all jobs in buildings 4, 5, 19, 100,
 
41 and 44 were assigned a rating of 0 for Pyranol.
 

Meta]^_fumes_and_dust :: exposure occurred during welding , bra z ing
 
and painting with metal based pigments.
 

Sawdust : in woodworking shops ,.
 

Adhesive s : water, solvent based and epoxy (those using petroleum
 
solvents are rated with group 4 )
 

EJ1e^tr^magnetic_fields: exposure occurred during testing and
 
development of transformers.,
 



DESIGN AND ANALYSIS
 

Basic Design
 

The study was designed as a case control_study of cancer
 
mortality risks. Distribution of demographic characteristics was
 
used to obtain a preliminary description of differences between
 
cases and controls., The characteristics of those with and
 
without work histories were compared to examine bias due to
 
excluding those without work histories., The data were then
 
divided into various subcategories (stratified analysis) to
 
examine combinations of exposure and other variables (for
 
example, age, year of death,, etc.). This analysis sought to
 
separate exposure effects from effects attributable to other
 
variables.,
 

Initially, the less certain cause of death diagnoses were
 
validated by clinical records,. Then case and control status was
 
assigned as follows::
 

a) Cases are all types of cancer.
 
b) Controls were the non-cancer deaths excluding diseases of
 

the digestive system,, genitourinary diseases,, diseases
 
of the blood and the blood forming organs, mental
 
disorders and ill defined conditions.
 

While the stratified analysis provided an essential
 
description and summary of the data, it was limited when
 
attempting to look at several variables at once, Because of
 
sparse data,, special methods were used to examine several
 
variables simultaneously. Careful, attention was paid to
 
following a predefined strategy so that the selection of the
 
models would not be inappropriately affected by the results.
 
Finally special attention was directed at the impact of time on
 
risk.,
 

Each exposure was considered first separately and then two
 
or more exposures were placed in the same models in order to
 
obtain estimates of relative risk adjusted for other exposures.
 
Interactions between variables were also cons idered.,
 

Of greatest concern is the lack of information on the
 
smoking history of study subjects., Smoking is a risk factor for
 
several of the cancer sites under study. Therefore it was
 
necessary to assess its potential confounding effect., This was
 
done by hypothesizing several possible distributions of smoking
 
in the study population.,
 



8 t at i sit i cal Power
 

Statistical power is a measure of the probability (given a
 
specified magnitude of association) of obtaining a set of data
 
such that level of an effect being sought is likely. A'
 
conventional power analysis showed that this study was generally
 
characterized by low power, unless the effects were very strong
 
or the causes of death common (e.g. lung cancer).
 

RESULT'S
 

The results of the study are summarized in the attached
 
Chapter III'that also serves as the summary chapter of the-

detailed report. The detailed report includes extensive tabular
 
•material in support, of the epidemiologic conclusions.
 

In brief, the epidemiologic analysis did not identify any
 
unequivocal or definitive association of the General Electric™
 
Pittsfield work environment with excess cancer risk. "With
 
limited power the study failed to find an association between
 
pyranol (containing PCBs) and excess cancer risk among employees.
 
In addition cancer of the large intestine, one of the two cancer
 
sites which was in excess in the exploratory proportional
 
mortality studies,, was not found associated with the exposures
 
included in the study.,
 

Several findings, however, suggest further study which may
 
clarify certain of the apparent associations. In particular, the
 
association of lung cancer with operations coded as "resins'"
 
needs to be further evaluated. To do so requires new coding of
 
asbestos exposures in these locations to determine whether the
 
associations noted are attributable to unestimated asbestos
 
exposure., Other associations deserving further study include:
 
trichloroethylene and leukemia; benzene and cancer of the
 
esophagus, bladder, kidney, and brain; other solvents and cancers
 
of the kidney and the lymphatic system (especially
 
reticulosarcoma); resin components and cancers of the esophagus,
 
large intestine and lung; and machining fluids and kidney cancer.
 

COMMENT AND RECOMMENDATIONS
 
This study was carried out using state of the art
 

epidemiologic and exposure assessment attribution methods,, In
 
some instances new methods were developed to address some of the
 
more difficult data problems or analytical dilemmas.
 
Nonetheless, findings from this study must be tempered by the
 
fact that a number of important problems existed which limited
 
the ability of the study" to examine fully the question of cancer­



T
 
related risks from exposure to toxic agents in this work
 
environment.
 

The problems of greatest importance include:
 

1. Records of personnel activity had not been maintained in a
 
manner which serves the needs of an epidemiologic study,
 
There was no effective way to document employment at the
 
Pittsfield plant at a time sufficiently far in the past to
 
undertake a population-based study using an historical cohort
 
approach;
 

2. Information on previous employees was limited to pension-

eligible employees, a designation which changes many, times
 
over the study interval. This fact made interpretation of the
 
findings much, more difficult.,. Furthermore, the record of
 
pensioners was reliably available only beginning in 1969; this
 
limited the total number of subjects who could be included in
 
the study;
 

3. The need to rely on death records limited the efficiency of
 
the study to those cancers which are likely to cause death (a
 
.high case-fatality ratio). Hence a cancer with relatively
 
good survival (for example,, cancer of the urinary bladder) is
 
not as well studied as for work-related causes since the
 
number of cases will far exceed the number of deaths
 
attributed to this cause;
 

4. Evidence of cancer had to be based on information listed on
 
the death certificate. Although a major effort, was made to
 
verify cases with clinical records, it was only feasible to
 
attempt this for those cancers reported to be less well
 
documented..
 

5. Very limited data were available on historical work-place
 
exposures to the toxic materials of interest, For most of the
 
exposures:; Of interest there was no information for the vast
 
majority of the study interval, As a result,, exposure ratings
 
had to be based predominantly on subjective assessment using
 
only a few categories, which limits the power to distinguish
 
between exposure levels., Furthermore, the exposure ratings do
 
not reflect individual exposure variation. There is a high
 
probability,, therefore,, that even if elevated cancer risks
 
exist in this environment they might not be found,.
 

6. Work history records, like the general personnel records,, were
 
incompletely maintained. Standard policy on record
 
elimination to reduce volume of stored paper resulted in loss
 
of a third of the work history records of potential interest;
 

7. There had been multiple changes in the work organisation, so
 
that operations of interest were carried out in different
 



plant buildings at different tiroes,. The historical record of
 
these changes was very incomplete ,.
 

8, Healthy-worker selection effects could not be corrected for.
 
This effect, although less important in studies ' of cancer
 
mortality, results from the fact that workers at increased
 
risk (e.g. disabled employees) will have a tendency to leave
 
employment early and therefore are more likely not to be
 
included in the study. Methods to correct for this effect
 
require knowledge of the exposure history and date of
 
termination for workers who left employment. This information
 
is not available for this study,.
 

9 . Of some concern is the lack of information on the -smoking
 
history of study subjects, Therefore, it was necessary to
 
assess its potential confounding effect. It was shown,
 
however, that smoking was unlikely to be a strong confounder
 
in our study,.
 

10. The variety of problems invariably limit the •statistical
 
power of the study to find relatively small effects, even if
 
they are present. Conventional statistical power analyses
 
showed that this study is generally characterized by low
 
power, except for very strong effects or for outcomes with a
 
large number of cases (lung cancer).
 

•A: * * * *
 

Based on the associations noted in the epidemiologic study,,
 
and on the absence of any definitive findings, the following are
 
recommended:
 

^
 

Because the predominant plastic product manufactured in the
 
resin systems category involved the use of asbestos and
 
phenol-formaldehyde, this finding cannot be clearly
 
interpreted. Asbestos is widely accepted as a human
 
carcinogen and OSHA has recently recognized formaldehyde as a
 
carcinogen., The jobs in this exposure grouping were not
 
characterized for exposure to asbestos nor specifically for
 
formaldehyde and the process has not been operated in the
 
Pittsfield facility for some time. The possibility for
 
further elucidation of work risks for this area should be
 
evaluated to determine whether the source of risk can be
 
better specified. The feasibility of further study will
 
depend upon the estimate of possible statistical power (based
 
on the number of persons who worked in the area and whose work
 
records are available) and the determination that reasonable
 
job specific exposure assignments can be made for asbestos and
 
formaldehyde.
 



2.	 IQlLlLJiiiS^
s t j-id y. ., 

A summary of the results should be prepared and distributed to
 
all current employees and all retirees. In addition the
 
results should be provided, the union for publication in its
 
newspaper, and to the local press for general publication.
 

3 . i!LJa<!L!=!M3E3̂ 
 

This meeting should explain the results and answer questions
 
about the possible follow-up which might be indicated.
 

4 •	 £<;yjj;!W.:::iuj:LJE!<g^ 

There are no accepted screening tests for lung cancer which
 
can be offered to the previous or current employees. It is,
 
however, appropriate to provide for an organized response to
 
requests four health risk appraisal, from any who night express
 
a concern regarding lung cancer or other health concerns
 
related to this study. It. is recommended that an outside
 
contractor be hired to develop a program along the following
 
lines::
 

a) All current employees and retirees who can be contacted
 
should be given the opportunity to attend a uniform cancer
 
education and awareness program on company time on the
 
plant's premises. The format should, be small group session
 
that address general cancer and cancer of the lung. The
 
content of the program should include an overview and.
 
introduction on the study results, the interventions or
 
actions which have taken place or are planned and. the
 
medical service program (MSP). The generic discussion of
 
cancer should include what, it is, how it develops, how it
 
is treated, the causes of cancer, risk factors, occupation
 
specific risks for the target group, early warning signs
 
and symptoms, early detection and diagnosis, treatment and
 
prognosis and prevention.
 

b) A panel of physicians (internal medicine, occupational
 
medicine specialties) be created to provide assessment and
 
consultation to any employee who has further concerns about
 
the health problems identified in the educational program,
 
specifically lung cancer. Any participant in the
 
educational program could, request this consul tat ion wh ich
 
should be an individual, private consultation with a
 
uniform report, submitted to the requestor.
 



c) A second panel should be created of physicians who are
 
expert in the diagnosis and treatment of lung cancer and
 
asbestos related disease,. The first panel would refer any
 
participant, who requires additional diagnostic workup for
 
cancer of the lung to this panel,. Part of this work-up
 
should be a targeted examination for those judged to have
 
had other than incidental asbestos exposure. (For example,
 
chest X-ray screening for evidence of asbestos™like pleural
 
reaction and/or sputum examination for asbestos fibers
 
could, after further consideration and review,, be deemed
 
appropriate to offer workers who were employed in the resin
 
systems areas). Advice on the importance of ceasing
 
cigarette smoking should be provided and an organised
 
program of smoking cessation should be sponsored for any
 
cigarette smoker,, but especially for any person with known
 
prior exposure to asfoestos.
 

d) Protocols should be developed to guide decision-making by
 
the two panels to assure uniformity and consistency, these
 
guidelines or protocols should be developed by the
 
physicians and approved by a group which agrees jointly to
 
represents the interests of the community and the company
 
and who serve as an advisory group to any contractor
 
selected to coordinate this overall effort.
 



CIAFTER I
 

David H,. Wegnan, MD
 
University of Lowell
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A., BACKGROUND
 

This study of mortality of General Electric ••• Pittsfield
 
workers grew out of a preliminary, unpublished study as part of a
 
series of proportional mortality studies undertaken in the late
 
1970's. At that time, as Occupational Hygiene Physician for the
 
Massachusetts Division of Occupational Hygiene,, Dr. Wegman
 
conducted studies in selected New England towns, where the worker
 
population was relatively stable. Selection of study sites was
 
based on the further condition that the town was one where one or
 
a few plants or industries had dominated employment. This
 
condition provided, the likelihood that a sizable proportion of
 
the deaths of plant employees might be expected to foe found in
 
the vital records of that town and neighboring areas,
 

The preliminary study found an excess of mortality from
 
leukemia, and cancer of the large intestine among those persons
 
where General Electric's name was entered on the death record
 
filed from the town of Pittsfield.
 

The findings from the preliminary study were described in
 
1978 to the General Electric Company,, which cooperated in the
 
further investigation of the problem. The company provided a
 
list of insurance/pension records for all employee deaths from
 
19(59 to 1977 which had resulted in death benefit claims and were
 
among those included in the original proportional, mortality
 
study. These records included the department in which the former
 
employee last worked (Transformers, Plastics or Ordnance), the
 
final payroll status (hourly vs. salaried) and the date and
 
reason for leaving work,.
 

Based on these records, proportional mortality studies were
 
conducted again comparing the deaths of these former employees
 
with those of the same race and gender in the US general •
 
population who died in the same calendar year interval. The
 
earlier findings remained present, however, no specific job type
 
•or exposure was evidently associated with the excess proportional
 
mortality noted.,
 

In January 1981,, it was decided to investigate further the
 
relation between work and mortality by obtaining complete work
 
histories for all pension eligible workers who had died,. At this
 
time an additional two years of deaths was added to increase the
 
statistical power of the study (therefore,, covering the period
 
between 1969 and 1979). The information on work history was
 
collected for use in a case-control mortality study design to
 
seek associations with lifetime job history.
 

In May 1982,, preliminary case-"control analysis of the data
 
based on job types resulted in a decision to further extend the
 
protocol to include a detailed and in depth historical
 



reconstruction of exj3osur£ to groups of substances considered to
 
be most commonly in use., This reconstruction was based on
 
information obtained from interview of long-term personnel at
 
General. Electric and from past industrial hygiene surveys. This
 
task, was carried out by Dr. Thomas Smith and Ms Marilyn Hallock,
 
at. that time with the Harvard School, of Public Health,.
 
Historical reconstructions of exposures in some cases going as
 
far back: as the 1.930 "s and assignment of exposure ratings on an
 
ordinal scale were carried out for pyranol (a mixture of
 
polychlori.na.ted biphenyls and trichlorobenzene) ,

trichloroethylene, benzene, other solvents, asbestos, machining
 
fluids and miscellaneous resin systems,. Individual work
 
histories are matched to the exposure data base to generate
 
individual estimates of exposure histories to each group of
 
chemicals. (For detail of this activity see Chapter II) ,.
 

Not all subject work history records were still available, so
 
the total number of subjects available for study was
 
approximately one-third less than the total number of deaths
 
recorded. Therefore, the mortality data base was again extended
 
to include deaths through 1981. In 1984, with Dr. Wegman's relo­
cation,, the study was transferred to UCLA., Dr. Sander Greenland
 
from UCLA joined the study team., Further developments and
 
refinements in the protocol were specified and the study was
 
expanded for the last time to include all deaths through the end
 
of 1984. The final study population,, therefore, includes those
 
pension-eligible workers who died during the period 1969 and 1984
 
for whom work: history records could be recovered.
 

The objective of the study is the identification of work
 
related cancer risks., A case-control approach is followed:
 
exposure histories of cancer cases are compared with those of a
 
control group consisting of workers who died of causes not
 
thought, to be related to the exposure under study. A priori
 
causes of cancer which were of interest were lung, larynx and
 
digestive cancer (and asbestos exposure), colon and skin cancer
 
(and 'machining fluids), leukemia (and benzene) and liver cancer
 
(and polychlorinated biphenyls). However, all other cancer sites
 
with observed number of deaths greater than 9 were considered as
 
independent, case groups,. This latter series of case-control
 
studies were undertaken as hypothesis generating in nature.
 



B . LITERATURE REVIEW
 

The substances or substance groups for which exposures were
 
estimated were: asbestos , benzene ', tr'ichloroethylene ,

miscellaneous solvents, mineral oils (machining fluids, cutting
 
oils), dielectric fluids (based on a mixture of polychlorinated
 
biphenyl. and trichlorobenzene or on mineral oils) , and miscel­
laneous plastic resin systems. A review of current knowledge
 
regarding these materials as human carcinogens reveals sufficient
 
detail for asbestos, benzene, trichloroethylene, mineral oils and
 
polychlorinated biphenyls so that the International Agency for
 
Research on Cancer has formally considered each. Since the IARC
 
reviews are undertaken in a well accepted manner, the summary
 
statements of those reviews are provided. (IARC, 1987). The
 
references cited can be found on the appropriate pages of Volume
 
42 (1987) in the IARC monograph series.
 

The IARC reviews lead to an overall evaluation of the
 
available data for each agent or process. An agent can be
 
classified as Group 1 (the agent, is carcinogenic to humans-),

Group 2A (the agent, is probably carcinogenic to humans), Group 2B
 
(the agent is possibly carcinogenic to humans, Group 3 (the agent
 
is not classifiable at to its carcinogenicity to humans, and
 
Group 4 (the agent is probably not carcinogenic to humans) ,.
 

For trichloroethylene and polychlorinated biphenyls there
 
are more details on animal studies, mutagenic properties and
 
metabolism and health effects other than cancer in recently
 
published reviews; Kinbrough (1985f 1987), ATSDR (1987) for PCBs
 
and Kimbrough et al. (1985), WHO (1985) and EPA (1985) for TCE
 
(see also Ch. III) .,
 

No review was attempted for the literature on petroleum
 
solvents (except for studies including benzene or TCE) or for
 
miscellaneous resin systems, since these groups of chemicals are
 
quite heterogeneous. The Discussiwi section contains a
 
comparison of our findings with, relevant published literature.
 

There is limited human evidence and sufficient, animal
 
evidence concerning polychlorinated biphenyls for the
 
International Agency for Research on Cancer to classify them as
 
Group 2A carcinogens (IARC, 1987) ,. There are repeated findings
 
of increased risk from hepatobiliary cancer.
 

The summary of the IARC updated review of mineral oils
 
follows (references cited are those in IARC, 1987 and are not
 
provided in this document) ..
 



T
 
A. Evidence for careixiogenil.city to humans (limited)
 

Information on the possible carcinogenic risk of human
 
exposure to polychlorinated biphenyls (PCBs) comes from studies
 
of occupational populations and of populations exposed to the
 
compounds accidentally,. PCB mixtures may be contaminated with
 
polychlorinated dibenzofurans dibenzodioxins.
 

A slight increase in the incidence of cancer, particularly
 
melanoma of the skin, was reported in a small group of men
 
exposed to Aroclor 1254,, a mixture of PCBs (1) . In a study of
 
over 2500 US workers exposed to a similar mixture of PCBs during
 
the manufacture of electrical capacitors, five deaths due to
 
cancer of the liver and biliary passages were observed, whereas
 
1.9 would have been expected. This increase was sustained mainly
 
by female workers in one of the two plants in the study (four of
 
five deaths), and all five workers had first been employed before
 
the early 1950s (2,3). Another study of workers in a capacitor
 
plant was conducted in Italy. Exposure in the early years of
 
production (until 19.64) was" to PCB mixtures containing 54%
 
chlorine (mainly Aroclor 1254 and Pyralene 3010 and 301*1). Early
 
results showed a significant excess of all cancers among male
 
workers,, 'which was due mainly to cancers of the digestive system
 
and of the lymphatic and haematopoietic tissues. Among female
 
workers, a slight increase in mortality from cancer of the
 
lymphatic and haematopoietic tissues was reported (4).. The study
 
was later enlarged and extended to include 2100 workers and to
 
cover the period 1946-1982. Both male and female workers
 
exhibited significantly increased cancer mortality in. comparison
 
with rates for the local population (14 observed, 7.6 expected;
 
and 12 and 5.3, respectively, for men and women).. Among male
 
workers, cancers of the gastrointestinal tract (two stomach, two
 
pancreas, one liver and one biliary passages) taken together were
 
significantly increased haematological neoplasms (4 observed, l.1
 
expected) (5). In Sweden, among i,42 male workers containing up
 
to 42% chlorine had been used, no significant excess, of cancer
 
deaths was noted.. Cancer incidence was also examined: the
 
number of cases observed corresponded well to that expected.. One
 
individual in a subgroup with higher exposure developed two
 
relatively rare tumours, both of which occurred ten years after
 
the start, of exposure: a slow-growing mesenchymal tumour
 
(desmoid) and a. malignant lymphoma (6) .
 

After contamination of cooking oil .with a mixture of PCBs
 
(Kanechlor 400) in Japan in 1968,* a large population was
 
intoxicated ("Yusho11 disease)., An early report on mortality from
 
1963-1983 showed a significantly increased risk of all cancer,
 
The edible rice oil had also been contaminated by polychlorinated
 
guaterphenyls dibenzofurans. Dose-response relationships were
 
not clarified (7). A further comprehensive study of 887 male
 
"Yusho" patients showed statistically significantly increased
 
mortality from all malignancies (33) observed, 15.5 expected),
 



from liver cancer (9 observed, 1.6 expected) and from lung
 
cancer (8 observed, 2.5 expected). Use of local rather than
 
national rates in calculating expected number of deaths decreased
 
the observed: expected ratio for liver cancer from 5.6 to 3.9,
 
which was still statistically significant. A closer look at the
 
geographical distribution of liver cancer cases did not allow
 
exclusion of factors other than PCB poisoning as a possible
 
explanation for this finding. For the 874 female patients
 
examined, none of the noted observed:: expected ratios was
 
significant (8). In a series of ten autopsies of "Yusho"
 
patients, two adenocarcinomas of the liver were found, with no
 
indication of a direct, association with exposure to PCBs (9) .
 
Ultrasonic and tumour marker examination of two series of 79 and
 
125 patients with "Yusho" disease in 1983 and 1984, respectively,
 
did not reveal any case of hepatic-cell carcinoma (10). Two
 
studies of the PCB content of fat tissues and cancer occurrence
 
were available, An association was suggested between PCB
 
concentrations in subcutaneous abdominal adipose tissue and the
 
occurrence of cancers of the stomach, colon, pancreas, ovaries
 
and prostate (11). No indication emerged of a relationship
 
between PCB content in extractable breast fat tissue and the
 
occurrence of breast cancer (12).
 

The available studies suggest, an association between cancer
 
and exposure to PCBs. The increased risk from hepatobiliary
 
cancer emerged consistently in different studies,. Since,
 
however, the numbers were small, dose-response relationships
 
could not be evaluated, and the role of compounds other than PCBs
 
could not be excluded, the evidence was considered to be limited.
 

B.. evidence for carcinogenicity to animals (sufficient)
 

Certain PCBs (particularly with greater than 50%
 
chlorination) produced benign and malignant liver neoplasms in
 
mice and rats after their oral administration (1,13,14). Oral
 
administration of Aroclor 1254 to rats yielded hepatocellular
 
adenomas and carcinomas as well as intestinal metaplasia and a
 
low, statistically nonsignificant incidence of stomach
 
adenocarcinomas (15). PCBs were inadequately tested in mice for
 
induction of skin tumours (16,17). In several studies, oral or
 
intraperitoneal administration of PCBs enhanced the incidences of
 
preneoplastic lesions (18-20) and of neoplasms (21,22) of the
 
liver induced in rats by N-nitrosodiethylamine or 2­
acetylaminoflourene. In one study, intragastric administration
 
of PCBs to mice increased the incidence of lung tumours induced
 
by intraperitoneal administration of N-nitrosodimethylamine (23) ,.
 

B, other relevant data
 
No data were available on the genetic and related effects of
 

PCBs in humans..
 



Dominant lethal effects were not induced in rats
 
administered PCBs orally, but were produced in rats nursed by
 
females that had received PCBs orally, PCBs did not induce
 
chromosomal aberrations in bone-Barrow cells or spermatagonia of
 
rats treated In vitro ; micronuclei were not induced in bone-­
marrow cells of mice in one study, while equivocal results were
 
obtained in a second study in which the PCBs were administered in
 
corn oil. They did not transform Syrian hamster embryo cells in
 
vitro , PCBs induced DNA strand breaks and unscheduled DNA
 
synthesis in rat hepatocyt.es in vitro ., Neither chromosomal
 
breakage nor aneuploidy was induced in Drosophila. FOB mixtures
 
did not induce SOS repair and were not mutaqenic to bacteria
 
(24).
 

2 , 2' , 5 , 5' -Tetrachlorobiphenyl induced DNA. strand breaks in
 
mouse cells in vitro « 2,4,5, 2' ,4 ' ,5 '-Hexachlorobiphenyl but not
 
3 , 4 , 5 , 3" , 4' , 5" -hexachlorobiphenyl inhibited intercellular
 
communication in Chinese hamster V79 cells. Purified 2, 3,2 ',4'­
2 , 5 , 2 • , 5' ••• and 3 , 4 , 3' , 4 • -tetrachloro- and 2 , 4 , 6 , 2' , 4" , 6 " ­
hexachlorobiphenyl. were not mutagenic to bacteria (24) .
 

There is inadequate human evidence and limited animal
 
evidence concerning trichloroethylene for the International
 
Agency for Research on Cancer to classify it as a Croup 3
 
carcinogen ( IARC, 1 9 8 7 ) .
 

The summary of the IARC updated review of trichloroethylene
 
follows (references cited are those in IARC, 1987 and are not
 
provided in this document) ,.
 

A.. Evidence for caxeixwgenioiiy to humans ( inadequate)
 

Three cohort studies have been reported, two of which showed
 
no excess of cancer ( l , 2 ) ; the third ( 3 ) , in an extended and
 
updated version (4), showed slightly increased .incidences of
 
cancer of the bladder (3 observed, 0.8 expected) and prostate (4
 
observed, 2.4 expected) and of lymphoma (2 observed, 0,3
 
expected), Two case-control studies of lymphoma have been
 
reported: one of Hodgkin's lymphoma, in which three of 25 cases
 
and none of 50 controls had had exposure to trichloroethylene
 
( 5 ) , and the other on Hodgkin" s and non-Hodgkin" s lymphomas
 
combined in which seven of 169 cases and. three of 338 controls
 
had been exposed (6) . Four studies of liver cancer have
 
indicated no clear association with exposure to trichlroethylene
 
(7-10) ., A few more cases than controls were exposed in two of
 
the studies,, especially when the two studies were analyzed
 
together (7,9). In a proportionate mortality study of polishers
 
and planters with potential exposure to trichloroethylene , but
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also to chromat.es and nickel, there were excesses of esophageal
and primary liver cancers. There were also slight excesses of
cancers of buccal cavity and pharynx, pancreas and larynx and of 
lymphoma (Hodgkin"s and' non-Hodgkin"s lymphomas combined, 13 

 observed, 9.3 expected) (11). 

/ -i 
• ' 

'
;
 Exposure to trichloroethylene may occur to some extent in 
 laundry and dry-cleaning work, although exposure to 

tetrachloroethylene probably predominates., Decaffeinated coffee, 
which is often, extracted with trichloroethylene,, appeared to be a 
risk factor for pancreatic cancer in one study, as did dry-­
cleaning (12) . 

i
I

The inconsistent relationship between liver cancer and. dry-­
cleaning is considered in the summary on tetrachloroethylene. 
Even if there is some consistency among several studies with 
regard to an association between lymphatic malignancies and 
exposure to trichloroethylene, the small numbers involved do not 

 permit any definite conclusion to be drawn about a causal. 
 association. 
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; B. Evidence for carainogenicity to animals (limited) 
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 Trichloroethylene was tested for carcinogenicity by oral 
 administration in mice in one experiment and in rates in two 
 experiments. In mice, it produced hepatocellular carcinomas and 
 lung tumours in both males and females,. One study in rats was 
 considered to be inadequate, and the other showed equivocal 
 evidence of carcinogenicity (3). Inhalation studies with 
 trichloroethylene have been conducted, in mice, rats and hamsters 
 (13,14). In one study in female mice,, it caused lung tumours 
 (13), but it gave negative results in the other study in mice and 
 in rats and hamsters. Administration by skin painting and by 
 subcutaneous injection to mice also gave negative results (15). 
 In inhalation experiments using two strains of mice, 
 trichloroethylene increased the incidences of liver tumours in 
 males of one strain, and. in females, of the other. In rats, a low 
 incidence of adenocarcinomas of the renal tubules was observed 
 following exposure to trichloroethylene by inhalation (16). In 
 mice, oral administration of trichloroethylene containing 

epichlorohydrin as a stabilizer induced forestomach carcinomas 
but no liver or lung carcinoma (17). Pure trichloroethylene was 

 tested by oral administration in mice and rats. Hepatocellular 
 carcinomas were induced in male and female mice; none were 
 induced in female rats, and the experiment in male rats was 
 considered inadequate (18). A study by oral administration was 
 conducted in four strains of rats, but it was inadequate because 

of toxicity and poor survival •(19). 



C, other relevant data
 

Oral administration of trichloroethylene to mice induced
 
hepatic peroxisome proliferation; however, no such effect was
 
observed in rats.
 

No adequate data were available on the genetic and related
 
effects of trichloroethylene in humans.
 

Many commercial preparations of trichloroethylene contain
 
stabilizers which are known to be mutagenic. KB a rule, the
 
purities of the preparations tested are not given.
 
Trichloroethylene induced micronuclei, somatic mutation (in the
 
spot test), sperm anomalies and DMA strand breaks in the kidney
 
and liver, but not lung, of mice treated in vivo; it did not
 
induce dominant lethal mutations. It induced sister chromatid
 
exchanges and unscheduled DNA synthesis in human lymphocytes in
 
vitro . It induced transformation of mouse and rat. cells but not
 
of Syrian hamster cells in vitro or unscheduled DNA synthesis in
 
rat. hepatocyte. It was mutagenic to plant, cells and induced
 
mutation, gene conversion and mitotic recombination in
 
Saccharomyces cerevisiae both in vitro or in a host-mediated
 
assay, it was mutagenic to bacteria when tested as a gas but not
 
when tested as a liquid, except in one study using a mouse-liver
 
metabolic system (23.) .
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There is sufficient human evidence that asbestos is causally
 
associated with lung cancer and mesot.hel.ioma for the Interna­
tional Agency for Research on Cancer to classify it as a Group 1
 
carcinogen (IARC, 1987). Additional evidence suggests that
 
asbestos may also be causally related to laryngeal cancer and
 
gastrointestinal cancer but the data are less convincing
 
regarding these sites..
 

The summary of the IARC updated review of asbestos follows
 
(references cited are those in IARC, 1987 and are not provided in
 
this document) ..
 

Numerous reports from several countries have described cases
 
or series of pleural and peritoneal mesotheliomas in relation to
 
occupational exposure to various types and mixtures of asbestos
 
(including talc containing asbestos), although occupational
 
exposures have not been identified in all cases (1-21).
 
Mesotheliomas of the tunica vaginalis testis and of the
 
pericardium have been reported in persons occupationally exposed
 
to a sbestos (2 2 •••2 4) .
 



Environmental exposure either in the houses of asbestos
 
workers or in the neighbourhood of asbestos mines or factories
 
has been noted in some of the cases (1,2,4-6,9,11,25,26). It has
 
been estimated that a third of the mesotheliomas occurring in the
 
USA may be due to nonoccupational exposure (27) ., In a study from
 
Israel, the incidence of mesotheliomas was found to be higher
 
among those born in the USA or in Europe relative to those born
 
in Israel (9) ,,
 

In some of these case reports and in other studies,, asbestos
 
fibres were identified in the lungs (5,6,11,28-32). Amphibole
 
fibres usually predominated, but in a few cases mainly or only
 
chrysotile fibres were found (6,28).
 

The long latency required for mesothelioma to develop after
 
exposure has been documented in a number of publications
 
(li,13,26,28,33-37). An increasing proportion of cases has been
 
seen with increasing duration of expo-sure (36).
 

A number of epidemiclogical studies of respiratory cancer
 
and mesothelioma have been reported in relation to exposure to
 
unspecified or complex mixtures of asbestos in shipyard work (38­
45) ., The risk ratio for lung cancer has usually been moderately
 
increased, both in these studies and in studies on various other
 
occupational groups with similarly job-related but unspecified or
 
complex asbestos exposures (35,46-54). Risk ratios of about 2-5
 
have been reported in some studies, but. the ratio was
 
considerably higher in one rather small study (55) and did not
 
exceed unity in'another (42). In one study, individuals
 
suffering from asbestosis had a considerably greater risk for
 
lung cancer, with a risk ratio of 9.056. In some of the studies
 
referred to, a number of mesotheliomas were also observed
 
(41,42,44,47,51,53,55). Abdominal mesotheliomas have sometimes
 
been mistaken for pancreatic cancer (57). Mesothelioma cases
 
have been observed to have relatively lower fibre content in the
 
lungs than lung cancer cases (32).
 

Laryngeal cancer has been considered in two cases™control
 
studies, resulting in risk ratios of 2.4 and 2.3 that relate to
 
shipyard work and unspecified exposure, respectively (40,,58). A
 
cohort study of insulation workers showed a relative risk of 1.9,
 
based on nine cases (57). A case series indicated a high
 
frequency of exposure to asbestos, especially in low-grade
 
smokers '(59). A risk ratio of 3.2 for laryngeal cancer was
 
reported among chrysotile miners in an area with generally high
 
incidence (60) , but no increased risk: was seen in a cohort of
 
workers with exposure to crocidolite (61). Two correlation
 
studies have also indicated a relationship between laryngeal
 
cancer and exposure to asbestos (39,62).
 

Mesotheliomas related to shipyard work and other exposures,,
 
including household contact with asbestos workers, have also been
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subject to epidemic-logical studies (36,63-67), resulting in risk
 
ratios of about 3-15 in comparison with background rates not
 
clearly referable to asbestos exposure.
 

Some studies have specifically considered environmental
 
exposures with reference to mesotheliomas (6(3,67) ,. Three
 
correlation studies and one case-control study considering
 
exposure to piped drinking-water (68-71) did not show
 
consistently increased risks for any type of cancer,, whereas
 
another study (72) considering chrysotiie contamination mainly
 
from natural sources gave some indication of an increase in the
 
incidence of peritoneal and stomach cancers in persons of each
 
sex, although no other cancer site was consistent, in this
 
respect.
 

Exposure to crocidolite has been studied with regard to risk
 
of lung cancer (61,73-76), and risk ratios of about 2-3 have been
 
reported. Three lung cancers and two mesotheliomas occurred in
 
20 individuals after one year of high exposure to crocidolite; at
 
least 17 of the cases had asbestos-induced lung changes on X-ray
 
films (77). ' :
 

One study (78) of histological types of lung cancers showed
 
that among persons exposed to crocidolite 45.7% of cases were
 
sguamous-cell carcinomas, as compared to 35., 2% among unexposed
 
persons. In the context of unspecified and complex exposures,
 
small-cell carcinoma was found to be relatively more prevalent
 
than other forms (50).
 

Exposure to chrysotiie was found in some studies to result
 
in virtually no increase in risk ratio (60,79-81), or a slightly
 
elevated relative risk of lung cancer (82-86). Somewhat higher
 
risk ratios, up to 2.5, 3.5 and 2, respectively, were obtained in
 
one study of chrysotiie miners (87) and in two independent
 
studies from one asbestos [chrysotiie;] textile plant (88,89), the
 
latter being the more comprehensive,, With regard to
 
mesotheliomas, one study suggested a particularly high risk of
 
combined exposure to chrysotiie and amphiboles (risk ratio,, 61) ,
 
thus almost, multiplying the risk ratios (6 and 12, respectively)
 
of exposures to chrysotiie and to amphiboles alone (90). Another
 
study showed no mesothelioma among a large worker population with
 
exposure to chrysotiie only (91).
 

A slight, excess of lung cancer and some mesotheliomas
 
appeared in some groups with mixed exposures involving amosite,
 
chrysotiie and crocidolite (92-94). Exposure predominantly to
 
amosite, but also to chrysotiie,, was reported to be the probable
 
cause of at least four or fiver Mesotheliomas (one peritoneal)
 
observed in a UK insulation-board factory (95). One cohort with
 
exposure to cummingtonite-gunerite, which is closely related to
 
amosite, had no clear excess of lung cancer, although one case of
 
mesotheiiomas was observed (96) .
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Exposure to tremolite and actinolite has been the subject of
 
a few studies in investigations of vermiculite raining and milling
 
(97,98) and environmental exposure (99). The studies of miners
 
indicated a risk ratio for lung cancer of up to approximately six
 
fold. Deaths from mesothelioma were found in the occupational
 
studies, whereas the study of environmental exposure showed no
 
increase risk, although pleura1 plaques were reported,.
 
Publications of one case report of a mesothelioma after
 
environmental exposure suggests that tremolite was of etiological
 
importance (31).
 

Cancers other than of the lung or mesothelioma have been
 
considered in many studies (1,1.7,35, 39,41-44,48,51,55,60-6:2, 68­
70, 72-74 , 76, 87, 89', 92 , 93 , 96,97,99-108). Some indicated an
 
approximately two-fold risk with regard to gastrointestinal
 
cancer in connection with shipyard work (41,43), and some
 
increased risk was also seen in association with exposure to both
 
chrysotile and crocidolite (103), to crocidolite (61,74) or to
 
chrysotile (87). Cancer of the colon and rectum was -associated
 
with asbestos exposure during chrysotile production, with an
 
approximately two-fold risk (87);a similar excess was found for
 
unspecified asbestos exposure (104). Some excess of ovarian
 
cancer has been reported in two studies (73,76) but not in
 
another (92)? exposure to crocidolite was probably more
 
predominant in the studies that showed excesses. Bile-duct
 
cancer appeared in excess in one study based on record-linking
 
(105), and large-cell lymphomas of the gastrointestinal tract and
 
oral cavity appeared to be strongly related to asbestos exposure
 
in one small study covering 28 cases and 28 controls, giving a
 
risk ratio of 8; however, ten cases and one control also had a
 
history of malaria (106). An excess of lymphopoietic and
 
haematopoietic malignancies has been reported in plumbers, pipe-

fitters, sheet-metal workers and others with asbestos exposure
 
(17,54,107,108).
 

The relationship between asbestos exposure and smoking
 
indicates a synergistic effect of smoking with regard to lung
 
cancer (1). Further evaluations indicate that this synergistic
 
effect is close to a multiplicative model (52,109). As noted
 
previously (1), the risk of mesothelioma appears to be
 
independent of smoking (47,66), and significantly decreasing
 
trend in risk was observed with the amount smoked in one study
 
(65) .
 

The studies of the carcinogenic effect of asbestos exposure,
 
including evidence reviewed earlier (1), show that occupational
 
exposure to chrysotile, amosite and ant.hophyl.lite asbestos and to
 
mixtures containing crocidolite results in an increased risk of
 
lung cancer,, as does exposure to minerals containing tremolite
 
and actinolite and to tremolitic material mixed with
 
anthophyllite and small amounts of chrysotile. Mesotheliomas
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have been observed after occupational exposure to crocidolite,
 
axnosite, tremolitic material and chrysotile asbestos.
 
Gastrointestinal cancers occurred at an increased incidence in
 
groups occupational,ly exposed to crocidolite, amosite, chrysotile
 
or mixed fibres containing crocidolite, although not all studies
 
are consistent, in this respect. An excess of laryngeal cancer
 
has been associated with the presence of asbestos fibres in
 
drinking-water. Hesotheliomas have occurred in individuals
 
living in the neighbourhood of asbestos factories and mines and
 
in people living with asbestos workers..
 

!$i!dJ!3LjyLĴ 
 

There is sufficient human evidence that benzene is causally
 
associated with leukemia for the International Agency for
 
Research on Cancer to classify it as a Group l carcinogen,. This
 
finding was recently reviewed and confirmed (IARC, 1987) and a
 
similar finding has' been reported according to the Environmental
 
Protection Agency Cancer Risk Assessment Guidelines (ATSDR,
 
1.9137),. The'evidence, to date, does not permit an evaluation of
 
whether benzene is associated with other than heroat.opoi.etic
 
mal ignancies in humans..
 

The summary of the IARC updated review of bemzeme follows
 
(references cited are those in IARC, 1987 and are not provided in
 
this document),
 

Numerous case reports and series have suggested a
 
relationship between exposure to benzene and the occurrence of
 
various types of leukaemia (1) ., Several case-control studies
 
have also shown increased odds ratios for exposure to benzene,
 
but mixed exposure patterns and poorly defined exposures render
 
their interpretation diff icu.lt.
 

Three independent, cohort studies have demonstrated an
 
increased incidence of acute nonlymphocytic leukaemia in workers
 
exposed to benzene (1,3), An updating of a cohort study
 
published earlier on benzene-exposed workers (1) confirmed the
 
previous findings and added a further case of myelogenous
 
leukaemia,, giving a standardized mortality ratio (SMR) of 194
 
(95% confidence interval, 52-488), based on four cases; a higher
 
excess risk was obtained when only myelogenous leukaemia was
 
considered (4 observed, 0,9 expected; p = 0.011) (4). A further
 
cohort study found an excess of acute myeloid leukaemia (SMR,
 
394; 172-788) among refinery workers, based on eight cases?
 
however, the patients had not worked in jobs identified as having
 
the highest benzene exposure (5) ,. Another study of refinery
 
workers showed no death from leukaemia (0.4 expected); however,
 
the median exposure intensity for benzene was 0.14 ppm (0.45
 
mg/m3), and only 16% of 1394 personal samples, taken between 1973
 
and 1982 inclusive, contained more than 1 ppm (3.19 mg/m3). The
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median exposure intensity in "benzene-related units'" was o. 53 ppm
 
(1.7 :mg/in3) (6).
 

In a Chinese retrospective cohort study, encompassing 28 460
 
workers exposed to benzene in 233 factories, 30 cases of
 
leukaemia (23 acute,, seven chronic) were found, as compared to
 
four cases in a reference cohort, of 28,257 workers in 83 machines
 
production,, textile and cloth factories. The mortality rate from
 
leukaemia was 14/100,000 person-years among the exposed and
 
2/100,000 person-years among the" unexposed (SMR, 574; p < 0.01).
 
Mortality was especially high for workers engaged in organic
 
synthesis,, painting and rubber production., The mean
 
concentrations of benzene varied in a wide range, from 10 to 1000
 
mg/m3, but the range 50-500 :mg/:m3 covered most of them '(7).
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There is sufficient human evidence that untreated and
 
mildly-"treated Mineral oils (machining fluids) for 'the
 
International Agency for Research on Cancer to classify 'them as
 
Group 1 carcinogens (IARC, 1987),, There is agreement that, these
 
substances are associated with skin (particularly scrotal) cancer
 
and with gastrointestinal cancer., There is some evidence that
 
they are also associated with lung cancer. Human studies do not
 
permit identification of highly refined oils as carcinogenic and
 
animal, studies provide inadequate evidence of their
 
carcinogenicity (IARC classification - Group 3) .,
 

The summary of the IARC updated review of mineral oils
 
follows (references cited are those in IARC, 1987 and are not
 
provided in this document).
 

Exposure to mineral oils that have been used in a variety of
 
occupations, including mulespinning, metal machining and jute
 
processing,, has been associated strongly and consistently with
 
the occurrence of sguamous-cell cancers of the skin,, and
 
especially of the scrotum (1). Production processes for these
 
oils have changed over time, and with more recent manufacturing
 
methods highly-refined products are produced that contain smaller
 
amounts of contaminants, such as polycyclic aromatic
 
hydrocarbons.
 

Excess mortality or morbidity from gastrointestinal
 
malignancies was seen in two out of three cohort studies of_metal
 
workers (stomach cancer in two studies, large-bowel cancer in
 
one) ; however,, the only significant excess was for the sum of
 
stomach cancer plus large-bowel cancer in one study. Four cases
 
of scrotal cancer were detected in one relatively small cohort
 
study of metal industry workers (l) . Among (582 turners with five
 
or more years of exposure to mineral oils, five cases of
 
sguamous-cell carcinoma of the skin (four of the scrotum)
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occurred,, with 0.3 expected (2). In a case-control study, a -*
 
relative risk of 4.9 was reported for the association of scrotal
 
cancer with potential exposure of metal workers to mineral oils.
 
Neither the actual levels of exposure nor the classification of
 
the mineral oil to which the machine workers were potentially
 
exposed was available in the reports of the epidemiological
 
studies (1) ,.
 

In a case-control study, an excess of sinonasal cancers was
 
seen in toolsetters, set-up men and toolmakers (1). In a series
 
of 344 cases of scrotal cancer from 193(5 to 1976, 62% had held
 
occupations in which exposure to mineral oils was likely to have
 
occurred. The median tine since first, exposure was 34 years
 
(3).
 

An examination of the incidence of second primary cancers
 
among men with scrotal cancer demonstrated excesses of
 
respiratory, upper alimentary tract and skin cancers; when the
 
occupations were grouped, the excess was largely confined to
 
those with exposure to oil (1).
 

Excesses of bladder cancer have been reported in case-

control studies in several countries among machinists and
 
engineers,, who were possibly exposed to cutting oils containing
 
aromatic amines as additives (1).
 

With regard to printing pressmen, one of two cohort studies
 
addressing lung cancer showed an excess and one of two
 
proportionate mortality studies showed a small excess of lung
 
cancer among newspaper pressmen but no excess among non-newspaper
 
pressmen; the other study did not address lung cancer. One of
 
three proportionate mortality studies on manual workers in the
 
printing industry, not specifically addressing printing pressmen,
 
did not show an increased lung cancer risk,, whereas the other two
 
studies found an excess.. One of two proportionate mortality
 
studies of printing pressmen indicated an increase of deaths from
 
rectal cancer, and the other showed possibly an increase of
 
deaths from colon cancer? the cohort: study considering colorectal
 
cancers did not. show an increased occurrence. One proportionate
 
mortality study among newspaper and other commercial print ing
 
pressmen showed an excess of mortality from cancers of the buccal
 
cavity and pharynx,, whereas no such excess was observed in a
 
cohort study,. One case-control study indicated an excess of
 
cancers of the buccal cavity and pharynx. The findings regarding
 
other malignancies were inconsistent; scrotal cancers were not
 
mentioned. The type and amount of exposure were usually not
 
described? exposure to both.mineral oils and carbon blacks would
 
probably have been involved (1).
 

In mortality statistics from the UK and from Washington
 
State, USA, excesses of lung and skin cancer have been registered
 
for jobs entailing exposures to mineral oils (1) ,.
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 Chapter II
 

GE Pitts£ 1 e 1 d Ret:rospect1 ve Exposure Assessinent study
 

Scope o£ Exposure Assessment Study
 

The purpose oil the exposure assessment was to
 

reconstruct histor leal exposures to toxicologically
 

significant chemicals and mate rials at GE Pitted ield. This
 

was a difficult under talk ing because of the large number oil
 

materials in use at the plant,, the many types of operations
 

performed, and the limited number of past records),. A
 

mull: 1.step interview proceeds was used to interview long'-term
 

employees to obtain and corroborate information on
 

h 1 s t or I. ca 1 e xpos ur es,.
 

Background
 

Historically many studies In occupational health have
 

treated what was actually a complex multiple exposure as a
 

study oi: a single agent.. For example, miners in the Er:z:
 

Mountains are exposed to a variety of metals,, radon and
 

radon daughters,, and uranium., The first identification o£
 

lung cancer occurred In 1879 at which time the etiologic
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agents were assumed to be arsenic and cobalt dusts in
 
conjunction with sllicosis as a predisposing factor (Hatting
 
and Hesse, 1879;). Radiation exposure from radon gas was
 
thought to be too low to contribute to disease. In the
 

1950sf however, theoretical calculat1ons demonstrated that
 
radon daughters produced 20 t:limes the radiation exposure of
 

radon. Subsequent epidemlological studies have only
 
evaluated radon daughter exposure. Any additional
 

contributions of nickel, arsenic,, or other metal!!! have not
 
been evaluated (Vaxweiler, 1981). Similarly,., the strong
 
association of vinyl chloride with liver anglosarcoma in
 
chemical workers has, until recently, prevented the
 
evaluation of other exposures present such as acrylates,
 

capr.ylyl chloride, methane!., and vinyl acetate (Smith et;
 
al., 1981)
 

Recently an increasing number of studies have attempted
 
to evaluate multiple agents,, For example, AxeIson et al„
 
(1978) rated jobs at a copper smelter not only for exposure
 
to arsenic,, the presumed etlologic agent, but also to copper
 

and other metals,. Workers with exposure to either copper or
 

arsenic had elevated relative risks for cere&rovascular
 
disease. However, the arsenic effect disappeared when the
 

copper exposures were controlled for while the copper effect
 
persisted when arsenic exposures were controlled. In a
 
reevaluation ol: vinyl chloride data, Ott et al. (1974) found
 

what appears to be a synezgistic effect of azsenlc and vinyl
 

chloride on lung and other types of cancer. Thus multiple
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agent studies can evaluate disease etiology, generate new
 

hypotheses, and also test for synerglstic effects, something
 

which Is rarely done; experimentally.
 

The method of assessment oiE past exposures to is Ingle or
 

multiple agents depend!!) upon the nature of the exposure® and
 

the available data. Ideally ii substantial industrial
 

hygiene data were available,, it could be used to assign
 

quantitative exposures to jobs past and present. In
 

practice extensive industlal hygiene data before 1970 is
 

rarely available,, Consequently only a flew studies have
 

a 11 e impt ed r e t r o s pe c 11 ve qua n i i1: a t1 ve e xp o s u r e as s e s s me n I: s
 

(Smith et al,,, 1984; Ayer et al., 1973; Dement et al,,f 1982;
 

Stcwart et al., 1986).
 

The majority of studies in occupational epidemiology
 

have not assessed the intensity of exposure but have used
 
only the duration of exposure in a particular job as a
 

surrogate for dose.. A study which surveyed and critiqued
 

-(16 o c c u pa t i ona 1 he a 11 h e p I. d e n 1 o 1 o g .1 ca 1 s t ud i e s c o nd u c t e d
 
between 1.977••• 1978 found that only 18% oiE: the studies defined
 

exposure both by duration and intensity (Baumbarten and
 

Oseasohn, 198 01,.
 

Those studies which evaluated the Intensity of exposure
 

In the absence of quantitative data have used a variety of
 

qualitative categorical scales to rate -jobs, Typically a
 

knowledgeable plant employee (less frequently,, an industrial
 

hyglenlst) assigns an exposure category to jobs within the
 

plant,.
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Different categorical scales have been used to rate
 
exposures., Most frequently a low-medium-high steal® has been
 
used, other studies have tailored categorical scales
 
specifically to the exposures! under evaluation. Arp et al.
 

(1983) used the scale shown in Table 2-1A to rate exposures
 

to benzene or to other solvents in the rubber industry,.
 
waxweller et al. (1981) and Kromhout et al. (1987) used
 

scales that included more specific descriptions oil work
 
activities (see Table 2-IB and C). Bourquet et al,. (19(317)
 
uised two scales to rate jobs for dermal exposures. Each job
 
was rated for degree of exposure (none,, small, large) and
 

frequency of: exposure (none, Infrequent, frequent). For
 
analysis the scales were combined into the following ordinal
 

sea It: none, 1 ow (sirna 11 -1 nf r eque nt) f med .1. uitn (sunia 11 - f r eque n tf
 
large-Infrequent)„ and high (large-fsequent).
 

Vaxiioujs sources have been used to assign expoisure
 
categories to ::)ob titles. Typically a knowledcieable plant
 
employee, such as a production n»na<:|er or an linduisttjlal
 

hygienlsl:, rates work history job titles. Because of the
 

enormous e£iE:ort required to assign exposures to a large
 
number of job titles, the majority of studies have not
 
attempted to obtain multiple assessments for each :)ob title.
 

Only recently have studies attempted to check
 
categor leal, exposure assignments. Tankers ley and Checkovray
 
(1983) had two groups of industrial hygienists (plant and
 

corporate) rate a subset of 100 work histories (out of 9000
 
histories in an epidemlologlcal study) for exposures to 5
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chemicals In the nuclear Industry. Forty eight per cent of
 

the jobs were rated Identically and 49% differed by only one
 

category. Only 3% of the jobs differed by 2 or more
 
categories. No Job was assigned to both the highest and
 
lowest category..
 

Kromhout et al. (1987) compared categorical assignments
 
by industrial hyglenists, plant: supervisors and workers
 
against quant 1 tat 1 ve exposure measure merit is. Industr lal
 

;r hyglenlsts were marginally more accurate than supervisors ox
 
| workers who in turn gave comparable ratings,
 

][ Finally Arp et al. (1983) used extensive jpurchasIng and
 
production record:!) to assign past exposure:!! to solvents in
 

r the rubber Industry. He checked the quality of the
 

<
* 

 assignments by predicting solvent exposure:!! of current jobs 
?
 
I from company records and then determining the actual
 i
 
I exposure by walkthrough survey!!;,,
 

1 The validation o£ categorical assignments can be an
 
•i
 

, arduouii! task depending upon the number of unique jobs'and
 
work operations. The type o:l: validation,, o:i: necessity, must
 

: be tailored to the in:l:or:inatlon available.
 

E x p osu i: e fa s es :s me n t E t u dy 0 b j e c t i ves
 

Given the issues discussed above, the objectives of the
 

expoisure assessment study were the following: 1. TO
 

determine what the toxicologically sign ill leant exposures
 

were at the GE Plttsfleld plant; 2. To choose an
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appropriate categorical rating scale; 3. TO rate work
 

history jobs for the selected exposures; 4. To check the
 
ratings to the extent possible.
 

Study Procedures
 

The general procedure for obtaining information on
 

exposures oiE! job titles derived from work histories is
 

out!lined in Table 2-2. While the epidemiology team
 

assembled and reviewed employee work histories., the exposure
 

assessment team constructed a job exposure database iEox: each
 

unique job title appearing in the work history database,,
 

Merging the two databases produced <;i history of job
 

exposures I!or each worker In the study,.
 

The exposure Information was obtained In a series of:
 

week long site visits to the GE Pittsi:ield plant,. During
 
the first visit, a plant walkthrough and review of current
 

operations was conducted was well as a review of any plant
 

records on production, chemical usage,, purchasing records„
 
a
 

Industrial hygiene measurements,, building maps, etc. Hard
 

copy records on the production of transformers and purchases
 

of dielectric fluids and chemicals were limited and did not
 

extend far back In time. Records of industrial hygiene
 

measurements made since. 1978, an inventory of major
 

chemicals by building from 1983, and a record of major
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chemicals distributed by Central Stores to different
 
departments were obtained,
 

To obtain more detailed exposure information, a group
 
of: 16 knowledgeable plant employees was selected by GE to
 

represent the range of operations. A large number of
 
interviewees was required'to cover the many operations in
 
the plant,. Moist of the individuals were sniper visor 5 or
 

managers. Inter vie wees were selected on the basis oil their
 
knowledge of specific plant operations and their length of
 
service,
 

A history o£ positions held was obtained., f or each
 
interviewee. AS of 1983, the average length of employment
 
was 38 years. Twenty two per cent of the interviewees
 

started work In the 1930s, 56* began In the 1940s, and 2:2%
 
In the 1950s, Eyewitness historical information was
 
therefore available back to the mid 1930s. In addition
 
several of the interviewees' fathers had worked in the plant
 
so that at least the major exposures could be constructed
 
£0:1: the period 1900 to 1930. Only two of the seven
 
exposures I:or which work history jobs were rated were used
 
from the start of the plant (specifically machining fluids
 
and solvents).
 

Using Information on current exposures obtained in the
 
I:list visit, about 250 component operations or subunits were
 

grouped into about 50 operations based on similarity of:
 
exposures or location (see Table 2-6). During the second
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site visit, information was obtained from the 18
 
Interviewees on the;foHewing:;
 
-All major and many minor chemical and metallurgical
 

exposures within an operation and their use dates.
 

-History of process and engineer ing control technology.,
 
-••History oil location of the operation within the
 

approximately 100 build ings on site (many operations changed
 
location over the years).
 
Because of the many different types of operational, a
 
standardized questlonalre could not be used,. Interviews
 
were open-ended though they always included the cote group
 
of questions listed above, interviews were conducted by an
 
indujstrial hygienist.,
 

Between the second and third visits,,, the information
 
collected was summarized and a history of each operation
 
listing all exposures was written (see Operation
 
Descriptions Book in Appendix). HaterIal Safety Data Sheets
 
and information on formulations and composition was obtained
 

for those product:3 identified by trade names by the
 

interviewees.
 
More than 250 cheinicalis and classes of chemical5 were
 

identified as having been used at the plant. A toxicological
 
review was next conducted! using sources such as the NIOSH
 

Registry oil Toxic Effects of Chemical substances, IARC
 
Monographs and Bulletins, us PHS Publication No. 149 ­
Survey of Compounds which have been Tested for
 
Carclnogeneclty, and several, on line computer data bases.
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Of the original 250 chemical SB, approximately 30 had possible
 

mutagenic or carcinogenic potential,, From these, seven
 

exposures were selected for Job exposure ratings based on
 

their carcinogenic potential,, the quantity of the material
 

used,, and the number of ope tat ions where the material was
 

used.
 

The seven potential exposure hazards were the
 

I:o 11 owlnig: pyrano 1, benzene,, tr ich 1 oroethy1 ene, 5o 1 vents,,
 

machining fluids,, asbestos,, and synthetic resin systems.
 

Detailed information on each ol: the exposures Is .presented
 

in latex: sections oil this chapter,
 

During this phase of the study an exposure rating scale
 

was developed (see Table 2-3). A scale using terms
 

describing the nature 0:1: contact (direct, indirect) and
 

frequency o:l! contact (infrequent,, routine) in addition to
 

intensity was chosen to permit interviewees to more easily
 

distinguish between the different categories.
 

During the third site visit:,, interviewees reviewed and
 
critiqued the Operation Descriptions,, in addition they
 

began to rate operation job titles fox: exposures to any of
 

the seven chemicals of interest.
 

In subsequent site visits,, additional job titles were
 

rated as study work histories were entered into a computer
 

database and generated more titles,, In the first phase ol:
 

the study (1982-1964), a total of 4477 unique job-operation
 

titles were rated for exposures. In the second phase of the
 

study (1985-1988), an additional 1600 Job titles were
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assigned exposures based on the phase ][ exposure
 
assignments. During the course o£ the study the Operation
 
Descriptions Book was reviewed £0:1: technical accuracy by
 
other plant personnel,, including the plant physician,
 
Industrial hygienlst, and environmental manager. The final
 
review took place after the preliminary findings had been
 
reported to the company. Any changes made in the last phase
 
of the study required hard copy documentation.
 

Exposure Rating Evaluation
 

Categorleal exposure ratings by long-term employees
 
were evaluated in several ways. The first evaluation method
 
was to compare employee ratings with recent quantitative
 
industrial hygiene measurements, This could be done in a
 
United fashion for only two exposures (solvents and
 
pyranol) since the numbers of industrial hygiene
 
measurement!') were small.
 

Several years after PCB use was terminated, residual
 
airborne PCB levels were determined by the Industrial
 
hygiene group., These results are summarized in Table 2-4
 
wh 1 c h a 1 s o 1 nd i c at e s wh I c h ope r a t i o ns 1 n t e r v 1 e we es
 

ident i f i ed as pyr anol -conta 1 n i ng,. Empl oyees ide nt i f i ed
 

operations with high PCB residual air levels as having
 

contained PCBs. Employees did not identify Tank Fabrication
 
(Building 33) as containing PCBS; this building had the
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;


lowest levels (mean 0.5 ug/m3, range 0.2-0.7 ug/m3). -,
 

Further Investigations revealed that PCBs had never been
 

used in this building; these levels may represent general
 
background levels at the GE Plttsfield plant.
 

There was also a limited amount of i nd us trial hygiene
 
measurements for various solvents,. Between 1975 to 1980, 38
 

unique Job title;!! were sampled for solvent:!!' by the
 
industrial hygiene group. 0:1: these titles,, 33 or 67% were
 

Identified by Interviewees as having solvent exposure.
 
Where I:he e xpe r ienee o I: i n t e rv 1 ewe es ove::: lapped „
 

multiple independent exposure assessments were collected on
 
operations and jobs. Job title;!) were rated for exposures In
 
two steps: 1.. Operations using the selected exposures were
 
identified; 2. Job titles within the identified operations
 
were rated :lior exposure!!!, Multiple assessments were
 
obtained in both steps and were used to check agreement
 
between the inter vie wees. Table 2-5 presents the agreement
 
between interviewees on Job title rat ings. Percent
 
agreement or disagreement was calculated from the number oil
 

jobs in a category divided by the number of jobs rated in
 
steps 1 and I!!,. There was very good agreement among
 
interviewee!!i for the seven exposures. The agreement was
 
excellent for the exposures that were used currently or in
 
the recent past (pyranol, TCE, asbestos, machining fluids,
 

resin systems),. The agreement was lower but still very good
 
for benzene,, whose use ended in 1950, and for solvents,
 
wh i c h r e p r e s e n t e d a ve r y h e t e r o g e n e o u s c a t e g o r y.,
 



An additional evaluation of agreement among employee ..)
 

job ratings was conducted during Phase II after all 7000 Job
 
titles had been rated. Those job titles comprising
 

approximately 85% of total study person-years, about 250
 

titles„ were rated by a separate team of several !rnanagei:s at
 

GE Pittsfield, Again there was very good agreement between
 

the new and old employee group ratings: 76% of the jobs had
 

Identical ratings and 69% agreed within one rankling. These
 

findings are consistent with Tankersley and checkoway
 

(1983).
 

The next sections oi: the report present an overview oi
 

the different operations at the GE PlttsiEield plant and
 

detail relevant :l.nforn»t!ion about the coding of the seven
 

rated exposures as well as their use In the different
 

operations« Detailed Information on each operation listing
 
all exposures is presented in the Operation Descriptions
 

Book in the Appendix. For sake of completeness the last
 

section describes exposures of toxlcological interest that
 

were not rated because they were confined primarily to a
 

s 1 ng 1 e ope r at i on or be c a use c ompl e te e xposu ,r e i nf or ma 11 on
 

was lacking,,
 

Overview of GE PlttsiEield Operations
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There are three basic manufacturing division:!) at GE
 
P i 11: s £ 1 e 1 d: P owe r Tr a n s £ o r me r s (P T), P1 a s 1i c s D1 v 1 s i o n
 

(PD), and Ordnance Systems (OS),, These occupy approximately
 
120 bulldlng!!i at the 500 acre site along the Housatonic
 

River. As oil: 1982 there were about 3500 workers In PT, 600
 
In PD and 3500 in OS for a total of 7400 worker®,. About
 

3200 were hourly employees and the rest were salaried. Peak
 

employment occurred during World war 11 when the worker
 
population reached 11,000. During the raid 1980s,the
 
transformer division was phased out at Fittsiiiejd.
 

Transformers have been manufactured at this site since
 
1890,, :i:n 1886 at Great Barring ton,, vr, willlam Stanley
 
demonstrated that alternating current could be used to
 
transmit electricity and developed the first ac trans£ormez.
 
A group of Pittisi: iiiild, NA investors enabled Stanley to open
 

the i-itanley Electric Manufacturing Company In P It t!!! field In
 

IB90. GE bought the plant in 1903,, At that time the plant
 
already had 1!:>00 einiployees,,
 

For the last ten years of operation, there wast only one
 
transformer department,, Up until the mild IJ'HHiS, however,,
 

there were two major transformer divisions ••• Power
 
Transformers (north of the railroad tracks or "Northside",
 
see Figure 2-1) and Distribution Tramsformers (south of the
 
railroad tracks or "Southside"),. Power transformers are
 

large transformers used for high voltage transmission of
 
electricity by public utility companies; these transformers
 



are never connected directly to customer loads, instead,,
 
distribution transformers, ass the name Indicate;!!,, are used
 
to distribute electric power for customer use. Other types
 
of transformers have been manufactured at Plttsfleld within
 
these two subdivisions, e.g., dry-type, preclpitator,
 
furnacef rect 1fier,,. network, and locomotive transformer!!!,
 
concrete reactor us,, step and ML32 regulators. In addition,,
 

other types of electrleal equipment,, for both in plant use
 
and external sale,, have been manufactured including
 
11.ghtn1 ng ar r e ste it: s, bushi ngs, ca pac1tots, cutou I::st a nd
 
fuses.
 

Ordnanci!! System!!) was established In 1941 and has
 
p:i:imarily developed and irnanu£actured guidance isystems for
 

bombers, gun mounts, tank!!! and ballistic ml smile s, and the
 
Havy";ii Trident Missile program. This part; oil the plant site
 
operational was largely Independent of the transformer
 
operations.
 

The Plastics Division started operations at Plttsfield
 
in l!)2fi with the iMiniul:act:m:e of the Orst injection moldable
 

phenolic compound, called GENAL resin. Tlilis black plastic
 
can withstand high ope rating temperatures and was sold £01:
 
the nnanuj-acture of autoirnolbile ignition and transmission
 
systems, electrical equipment,, and household electrical
 
appliances <(e.g,,<r bases and handles! on toasters). PD also
 

produced phenol-formaldehyde resins usied for insulating
 

internal components o£ Power Transformers.
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The vast majority of work history job entries in our /
 

case control study wens in the Transformer Division
 

(approximately 90%). About 10% were In Ordnance Systems and
 
less than 1% from Plastics Division,.
 

GE divided its manufacturing divisions into
 
approximately 250 ""components" for administrative and
 

payroll purposes. For purpose:!) of this study the components
 
have been grouped Into 52 "'operations'1' based on similarity
 
of exposure and/or location. Table 2-6 is a list of the 52
 

operation!!!. Fox: the sake oi clarity and to provide a quick
 
overview,, the operations have been grouped by function,
 
1.e., manufacturing or plant support, In Table 2-1,
 

Tr a ns f or me r Ma no I: ac tur e
 

A transformer is a device that changes electrical
 

power from one current ox: voltage level to another. Energy
 

is transferred from one alternating current circuit to
 
another, not by direct electrleal connection, but: by
 
magnetic coupling. This transfer is achieved by the
 

p 11 nc 1 p 1 e o £ e 1 e c t: r o ma g ne t i c i nd u c 11 o n ,. d 1 s c o ve r e d a nd
 

characterized by physicists in the early 1800s.
 
Any charged particle In motion, such as an electron,
 

produces a magnetic field. One of the fundamental
 
discoveries In 19th century physics was that magnetism
 
consists, not of distinctive magnetic charges, but of moving
 
e 1 e c t r 1 c a 11 y c h a r g e d pa r 11 c 1 e s. A c u r r e n t ••• c a r r y i n g
 



electrical wire can deflect or turn the needle of a compass. r,;
 

Alternatively,, as Michael Faraday discovered In 1831, a
 
moving magnet (or a magnetic field that i<» somehow changing
 

with time) can induce an electrical current in a wire loop.
 

A transformer consists of two solenoids or wire coil:!!
 

that are insulated from one another and connected to
 

separate electrical circuits.. Alternating current in the
 

first coil, or primary, induces both a changing magnetite
 

field and hence an electrical current in the second coil, ox:
 
secondary,, Both colls are wound around (and insulated from)
 

a core manufactured from HI! 1 icon steel which is easily
 

magnetised,, The core increases the magnetic coupling
 

between the two colls. The magnetic I:lux Induces the same
 

voltage in each turn of the coll; therefore the total
 

induced voltage is proportional to the number of turns in
 
the winding, A trairmiEloriDiier is highly efficient (96\-99%) ].n
 

the transfer of energy because it has no moving parts and
 

therefore no frictlonal losses, It can step up or step down
 

the voltage In the secondary depending on the ratio of
 

winding turns between the primary and secondary colls.
 

Figures 2-2 and 2-3 show the Internal structure .of core
 

and coil before placement in the transformer tank shown in
 

Figure 2-4,. Table 2-8 present!!! an outline of the major
 

operation!!) ol: power transformer manufacture. Bear in mind
 

that though the outline of operations looks comparatively
 

stralghtfotward the actual manufacture of a large power
 

transformer-, which ,stands three stories high and weighs 500
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ton;!!, requires 4500 different drawing® and 100,000
 
individual partis.
 

The wire for the coils is prepared in the wire Kill.
 

copper wire is drawn,, annealed, and insulated with tape or
 

enairne1 coat I. ngs., The irna jor 1nsu 1 a11 on between pr iitna,ry and
 

secondary wine! Incus and around which the coils are actually
 

wound are resin bonded cylinder!!! manufactured in Tube
 

Rolling. Layerst of paper are wound on a hot steel drum
 

(mandrel]i and bonded with a phenol-formaldehyde resin
 

(bakelite) to form the 11 insulating tube. Insulated wire is
 

wound around the tube in Coil Winding to form 'the primary
 

and {secondary colls of the transformer:.
 

The core o:!i the transformer consists of very thin (0.3:)
 

mm) layer;!! or laminations oil: insulated silicon steel.
 

Lamination prevents the development o£ electrical eddy
 

currents which would inter:!:ere with the magnetic flux,.
 

Electrical steel is received £1:01001 the manufacturer and cut
 

to length and width in Core Fabrication, in the past the
 
core '"legs'" were then insulated (with a clay-containing
 

'"slurry coat" or enamels); currently steel is received fully
 

processed from the manufacture!. The core is then built by
 

laying the legs flat on a building jig; beams of nonmagnetic
 

materials such as wood or aluminum are clamped along the top
 

and bottom of the core. Rigid bracing or clamping of all
 

transformer parts is very important as otherwise core
 

laminations and coil will vibrate with current changes to
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produce objectionable noise (humming) and ultimately
 
insulation I:ailure and short circuit.
 

A variety of other internal transformer components are
 

made in departments such as Copper Partis and Cables where
 

part:!! are machined,, brazed or soldered,, and Insulated. In
 

insulation,, paper and pressboard are treated with phenol-


formaldehyde resins (similar to Tube Rolling) and cut to
 

size to form spacers, washers,, collars CiEor the wire leads
 

of the transformer) and other parts. The spacers are
 
inserted between core and coll to create channels ox: ducts
 

'which allow transformer oil to circulate. The quality of
 

the insulating materials oil: a transformer (which altogether
 

include the resins and enamels of coll and core, the papers
 

and pr ess board o£ insulating cylinders,, spacers,, and
 

collars,, and insulating properties o£ transformer oils) are
 
import ant factors in deter mini, rig the life of the unit,.
 

Load ratio adjusters or load tap changers are insulated
 

switches which "tap" into the secondary coil at various
 

turns to permit a variable voltage output,. A t ranis Corner is
 

frequently subjected to abnormally high voltage stresses
 

caused by nominal operating conditions,, such as switching,,
 

and abnormal operating condition!!!, such as lightning,, so it
 

t he r e f o r e c o n t a i n s s pe c i a 11 ze d c 1 r c o i t br e a k e r s a nd £ us e
 

links £or surge protection. Load ratio and fuse link
 

operations are primarily assembly operations with is one
 

machining.,
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The leadis from transformer coils are brought out
 

through glass ox: porcelain bushings which are designed to
 

protect the windings from ground as they pass through the
 

case of the tank,, They look much like Insulators on power
 

transmission lines and their size and construction depends
 

on the voltage of the trans£ormer» High voltage bushings
 

have porcelain shells (obtained from outside vendors). The
 

core conducting rod oil the bushing is insulated with resin-


treated paper; the assembled porcelain shell and rod is
 

filled with oil.,
 

Lightning arresters are similar in appearance to
 

bushings and consist oil:a porcelain shell (from outside
 
vendors) filled with insulating pellets that have been made
 

of various substances (lead tetxaoxide, silicon carbide and
 

zinc oxide) over time.. Operations include machining metal
 

pa r t s, pe 11 e t ma n u 1: a c t u r e a n,d a s s e nib 1 y,
 

The tanks into which coll and core are ultimately
 

placed as well as other roe chain leal components such as"
 
radiators and coolers are maimliactured in the Tank Shop.
 

Operations Include numerous machining opetal: ions on steel„
 

welding,, cleaning and degxeaslng, leak testing and painting.
 

The structure of the tank and cooling system are chosen to
 

allow adequate heat dissipation, small tanks have enough
 

surface area for cooling without the addition of radiators.,
 

Larger transformers require radiators with the largest power
 

transtorme rs need1ng s eparate co o1ers and forced c1rcu1a11on
 

of oil.
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The core: and coil and other internal component!} are
 

assembled together in Internal Assembly, operations 11 include
 
bra z1 ng, s o 1 de r1 ng,, w JLr :l. ng „ c 1 c mp 1 ng, dr i 11 i ng, a nd gI u e 1 ng.
 
In External Assembly the core and coil unit is "tanked1", the
 

trana.former filled with oil and sealed,, and the unit is
 

tested, in the past traaaMEo oners were £11 led with either
 

lOc oil, a high-grade mineral oil,, or,,, £0:1: applications
 

where fire hazard was a concern,, pyranol,, which is
 

nonflammable, since 1976 si 11.cone oil ham replaced pyranol.
 

Inter vie wees at GE estimated that pyranol was used in 10-30 Hi
 

of the transformer:;) Manufactured,, picimaxiily in small to
 

nted i um power t leans I: annexs used i n e nc losures (unde r gr ound „
 

In buildings,, locomotive!!!,, etc.,) The GE Marketing
 

Department estimated that 15% o£ the units in Power
 

TranslioiiDner and S% of the units in Distribution Tran!!iiE:or:niie:i:
 

were pyranol 1:11 led „
 

The oil in a transJEiornaex: serves both to cool the
 

apparatus as it circulates (as it gains heat it rises up
 

through the coils and core and then sinlks as it transfers .
 
heat to tank walls]i and to insulate the colls. The core and
 

coil assembly and oil must be inolsture-iEiree, for as little
 

as (i ppitn o£ water reduces the insulating quality of oil to
 

substandard, Therefore^ the first step in External Assembly
 

Is "primary treat'* of coll and core in which the unit is
 

heated to HOoC under vacuum to remove moisture. When water
 

ceases to be collected in the exhaust condenser and when
 

insulation resistance of coll and core is adequate, the
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drying cycle is terminated. The coil and core are adjusted
 

for shrinkage and then placed In a 1:ran®loonier tank which 1st
 

filled with oil to Impregnate the unit, oil Is then drained
 

from the tank and the dissembled transformer undergoes
 

" !3 e c o nd a r y t r e a tm t 1. e ..,, a s e c o nd e va c u a 11 o n I: o r e no ve
 
water. While still under vacuum, the transformer Is
 
refilled with oil and then sent to test, Large transformers
 

are usually drained of oil for shipping,.
 
The manufacture of distribution transformers Is similar
 

to that of power transformers,, the major difference being
 

the structure and joining oiE: core and coil. .The core of a
 

GE distribution transformer!!) Is made from silicon steel
 
ribbon which is coiled around preformed coils automatically
 

by a machine which winds the steel spirally through the
 

windings., Thus,, core building and core and coil assembly
 

are really one operation called "lacing111,, other major
 

operations are similar,, 311; is estimated that 25* oiE
 
distribution transformers were filled with pyranol. other
 
types ol: trans formers have been manufactured at Pitta .field
 

Including different types oil: regulators which function to
 
A
 

maintain constant voltage under varying load conditions and
 

concrete-reactors used In steel mill furnaces. Pyranol was
 

used to fill a small percentage oiE regulators;: concrete
 

reactors are air-cooled.,
 

Details o:l: all GE operations are presented in the
 

Operation Descriptions Book (see Appendix) which contains an
 

operation description, list of all major and roost minor
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chemical exposures, and building history licit: each operation.
 
The information 1.5 suiranarlKed in two tables, Table 2--'SI
 

lists the major exposure:!) of eaci. OIK-rat ion grouped by
 
whether or not they were coded or rated I:or the Exposure
 

History I:Hi!:. For each chemical Table 2-9 also 1 lists
 
in IE: or ma ti on on how the chemical was used and the extent of
 

usage, Table 2-10 summarizes the distribution 0:1: coded
 
chemlcalis by operational for easy vernalization of which
 
operation!!! used any of the seven coded chemicals, Table Si­
ll presents number and percentage of job -build ing pairs in
 
the Phase ][ Expos mire History Datalbaise that were actually
 
rated for the seven exposures. Forty-two percent of the
 
-1(177 :lobs were rated I:or pyranol,- 2B\ for benzene, 9% :l:or
 
t]i:ichlox:ethylene4, 64% for i!tolventjsir 20% for iniachJlnlng
 
I: ].i.ildi!!i, l!:i% lior aisbestos, and 9% lior phenol-IEotwiildehyde
 
:i:<!!!!i:i.:ni!!i, CTIhtcise percentage^,, o>:f: course, do not reflect
 

actual exposure-years which will vary with an individual11!!)
 

:lob hiistory), 
4 

Table 7-12 llists the expoisure rating scales used in the 

analysliii. For analyslLis« the original rating iscale wa:9 
soinetlLmes collapsed depending either on the detail ol: 

exposure informciition available or the nature of the 

exposure, 

Pyranol 
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Pyranol vats used as a transformer oil from 1936 to 1.976
 

in Power Transformer External Assembly (Operation 17),
 

Distribution Transform!! Assembly (Ope tat lion 26), and
 

Regulators (Operation 25). It was used to Impregnate! and
 

£111 capacitors (Operation 41) In buiIdling:!! '112 and 43 from
 

1936 to 1942 when capacitor manufacture was moved to another
 

plant. Oil quality was monitored in the Laboratory,
 

(Operation 49); oil was received, stored, filtered,, and
 

pumped to brandings from the "Oil Farm" (Operation 38!),,
 

These operations were the major operation!!! in which exposure
 

to pyranol occurred, in addition,, certain jobs in
 

Con struct loin (Operation 33},, Area Maintenance - Crane Repair
 

(Operation 32),, and Material.!!! Reclamation (Operation 34) had
 

occasional expo HI are to pyranol and were rated accordingly.
 

in the power TiansJioriniei Division,, internal ftaiseinJbly
 
(Operation 16) and External toueiubly (Operation 17) occur or
 

have occurred in the same buildings,, specifically buildingis
 
I, 2, 3t 12., (Several interviewees initially reported that
 

pyranol might have been used in assembly building 100 but
 

company tec®nils jiiubuequently showed that there was no actual
 

use in the building.,) All of transformer assembly buildings
 

are very large (front '1100 to 1150 lie is I; in length) in which
 

Internal assembly operations start at one end o£ the
 

building f oil owed by external assembly operation:!! at the
 

other end. Cranes or mechanized assembly lines (for smaller
 

traniii liormers) move the transformers l.n varlious stages olE:
 

completion from one operation to the next. Pyranol is
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pumped directly into External Assembly areas where hoses are '
 

used to fill and drain transformers. use of: hoses ha® been
 
described as frequently careless. Pyranol would get on
 
hands,, clothing, and In shoes from handling hoses, soaked
 

parts, and from entering drained transformers during
 
adjustment!!) and finishing operational . Pyranol wast never
 
used directly in internal Assembly areas but interviewees
 
judged that workers In these areais would have had 5on»
 

exposure, hll worlceris In internal Assembly areais have been
 
given a K0.,5M pyranotl exposure rating,.
 

A:l:te:i: Capacito;i:is imoved out o:l: buJLldlngiS '112 and <II3 in
 
l!MI(>(, Lightning Arreiiiteris (Operation 28) wais moved Into the
 
area;!) in which pyramid had been usied.. The pyranol exposure
 
in Capacitors hais been described as very high because
 
impregnation required heating ol: the pyrano>l so>aked
 
capacitors , Reisldual airborne FOB surveys conducted In
 
197B-197ii mhowed air concentrations in building 412
 
comparable to power traniiHEioriner and regulatoi asisembly areas
 
(in which pyxanol use wain terminated in 1'976; iiiee Table 2­

lif)}. All workeris in Lightning Arresters have consequently
 
been aisaiigned a "0,5" pyranol exposure rating l:or the period
 

Unfortunately industrial hygiene !!iurveyi!i that could
 
give actual exposure levels lioi: di:l:iE:erent Job
 
cla!ssi:l:ications were not available from the period of:
 
pyranol user 1936 to 1.976. in 1970 and 1979 residual
 
airborne PCB concentrations were determined in many areas o£
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PCB use (see Table 2-16). As noted before, interviewees had
 

identified these areas:! as having contained pyranol,.
 

An unpublished study by KS Rosenman looked at serum
 

PCB levelai in GE Plttsfield workers, GE family members,
 

resident:!! in PCB-contaminated areas, and residents in non­

containinated areas. The GE workers with the highest serum
 

PCB levels (greater than 100 ppb) ail worked In areas
 

identified by our interviewee!!! as, pyranol use area si,
 

specifically buHidings 12, 42, and 26, Workers in building
 

14 and 17 had serum PCB levels higher than non-GE 'worker;!!
 

but less than 1.00 ppb. These buildings were., not identified
 

as pyranol use areas (except I:or Infrequent repair o:i!
 

returned drained trans£ on: mers in building 14)., Mot enough
 

detail ils presented in the paper regarding how the subject's
 

:;iob category was selected (i.e., whether most recent job ox:
 

major job was selected) to interpret the latter results..
 

Brief summary of Occupational PCB Literature
 

Table 2-13 summarizes the major studies on occupational
 
exposure to PCBs. Several early studies from the Japanese
 
literature were not Included but are covered by Letz (1981).
 
The major point with respect to our current study is that no
 
one to date has demonstrated a statistically significant
 
Increased cancer incidence in a human population., Previous
 

studies,, in general,, have used less specific exposure
 

 assessments resulting in less power to detect relationships
 I
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between disease and exposure, studies by sahn et al-(l976) '\
 
and Brown and Jones (1980) have been suggestive of Increased
 
melanoma and pancreatic cancex: and rectal and liver cancer
 
respectively but latency periods in both studies have not
 
been long enough to adequately assess outcome.
 

For informal:lonal purposes data available on GE
 
Plttsfield PCB serum levels are presented in Table 2-14 CKD
 

Rosenman, 1980, unpublished study)., Median PCB level in 43
 

GE workers was 22 ppb with a range of: 5-378 ppb, which is
 
somewhat lower than PCB blood levels seen in^most of the
 
studies discussed above.. In addition, for general
 
comparative purposes,, Table 2-15 presents serum PCB levels
 
In the general population (study conducted in South
 
Carolina)„
 

Unfortunately the GE Plttsfleld workers selected for
 
serum PCB determinatlLons do not in any way constJLtute a
 
repiEiesentative sainiiple. Twenty-£ive of the 43 workers were
 

members ol: a retired workers coiuncil; Inlioinriiation on the
 

date o:i: last exposure or duration ol: exposure is not
 

presented. Workeics with serum levels above HOMO ppb dILd work
 
<•
 

in areas Identified by the UMMC study as pyranol-use areas
 

but quantitative data on this subgroup are not presented,,
 
No conclusion can be drawn about actual exposure levels at
 
GE £rom reported blood levels of this small unrepresentative
 

sample.
 

Six studies in the literature have measured
 
occupational PCB air concentrations and are listed in Table
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2-13, Five measured air concentrations during capacitor 
manufacture and one dur ling trans former ma 11 ntenance., He i ther 
type o;l: ope rat 1 on Is comparable to transformer manufacture; 

and therefore cannot foe used to estimate exposure levels at 

GE Pittsfleld. Table 2-16 summarizes the only available 

information on PCS air levels at GE Pi t t s f le ld . These 

Industrial hygiene surveys were conducted 2 to 3 yeatis a:l:ter 

PCE ui»e terminated and so represent residual air levels,, 

FCB5 can be absorbed through the in Is; in (i[iM.!sh!.:!:uin!(F 

1 ! :>?(>) , The relative Ilinpottance oil skl in absorptJLon veicisuis 

InhalatJlon ais routes 0:1: exposure to PCl-ls is unknown thoucfh 
Lees et al, (l!M3i7) have :!)uc|i:|e:!)ted that the dennal route is a 

major contributor, in a capacitor inanuifacturing plant, 

Haironi et al,, (l '=)8;i.) liound that PCE aiit: levels ranged 

between (KEI-275 ug/m3(, woikroon surface and tool 
contamination iranged between 0,2-15IJ ug/cini2r and skin 
contamination (pains of Ihiands) rancied between 2-21) ug/cm;!:,, 
In this envjironitnent^ Maronl et al. lEieit that skin absorption 

was the more important exposure route. 

One major compiler til on in our study lie is in the IE: act 

that pyranol II is a mixed chemical exposure in and oil It me 11:, 

Pyranol is a GE tradeimark and ILs composed appicoxinnately o£ 

50% pees (a mllxture oiE PCB isoners but mostly 

hexachloroblphenyl)<r -'"'"i ttIchlorobenzene, small ainiounts oiE 
phenoxypropene oxides «0.25%), and trace amounts of 

dlbenzofurans. According to technical Informat ion at 

iMonsanto (the iiormer Ul> producer oiE FCBs),, batches o:£ 
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pyranol were either formulated by GE using Monsanto PCB
 
mixtures or were formulated by Monsanto per instructions
 
from GE. The PCB content In pyranol actually vailed from
 
45-80% between different batches. Some time in a mixture of
 

tx:1 .chlor'obenzene and tetrachlorobenzene was used .
 
The toxicology of the various PCB mixtures has been
 

extensively studied In animals. Excellent reviews are
 

provided by the 1977 NIOSH Criteria Document and Lets
 
(1981) .
 

Benzene
 

Fox a period of time, benzene was used as a solvent in
 
various departments throughout the plant £0:1: general
 
cleaning during machining and assembly operation!!! {see Table
 
2-lO). It was used to wipe down machined parts in
 

fabrication operation,, to clean parts before final assembly,,
 
a nd t o c 1 e a n t o o 1 s a nd ha nd s.
 

The use dates for benzene were estimated to be 1920 to
 
1950,, plant-wide.. The year of last usage was averaged from
 
estimate!!) of several inter vie wees if the estimates ranged from
 

19i45 to 1955,, Pom: of the 18 interviewees started work In
 

1930s, 10 in the '19408, and 4 In the 1950s. Most of the
 

interviewees who began work before 1950 remembered using
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benzene but felt they could only roughly estimate the
 

year (a) oiE: final usage In the different departments,.
 
The re f or e, a plant-wide mean estimate was used for all
 
operations.
 

The start dote lEor benzene usage was based on two
 
{sources: one intervliewee and general Industry use patterns,
 

One interviewee (who started work at GE Plttsfield in 19-112)
 

felt reasonably certain that benzene usage vent back at
 

least to 1920 based on the recollections of former GE
 
workers (including hits I:at;her) whom he had known. In him
 

own exposure ratling system, he coded benzene exposure back
 
to 1920 since he felt he had no information on exposures
 

before :L9i20,.
 

The uiite of benzene aiii an Indus trial solvent began in
 

the ISiEIOs, The lEIrjut cases of chronic benzene poll son ing
 
Up lain tic anemia) were reported in 1897,, After World Max: :i:,
 
the use oil: benzene as a solvent IIincreased in most Industrial
 
countrJIes, It Jli» now inpossible to determine whethex;
 

benzene wais u:»ed at OE Pittsiliield before 1920. The miore
 

conservative approach was therefore choaten for the exposure
 

assessment: benzene exposures were not coded prior to 1920.
 
Please note that the degree of uncertainly about dateis of
 
use was greatest iEon: benzene exposure rati,ng». The usage
 
dates of the other coded exposures were known with much
 
greater certainty. The start dates of the other exposures
 

frequently corresponded to changes in technology or
 

buildings, for example, about which there was excellent
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agreement among the interviewees,
 

The rating system used for benzene exposure was
 
collapsed to 0, 1, and 2 where 1 equaled indirect exposure
 

and 2 equaled direct exposure,, This rating scale was
 

chosen for analysis because interviewees had less certainty
 

regarding benzene exposure ratings. (The pyranol exposure
 

rating scale had an extra category (1,2, or 31 because
 

pyranol exposure continued until 1976 and more reliable
 

discriminations could be made between jobs by the
 

interviewees).
 

Regarding the identity of the solvent "'benzene'"1, there
 

was generally good agreement among interviewees that what
 

was used was benzene. Two interviewees remembered
 

occasionally seeing the term "benzine". The term "benzine"
 
generally refers to a petroleum distillate fraction (also
 

called petroleum spirits or VM and P Naphtha)., The term
 

benxene has not generally been used to refer to petroleum
 

spirits. Petroleum spirits are more likely to be marketed
 

under the name of petroleum spirits or VM and I? Naphtha,
 

Research in issues oil the Thomas Register (a 17 volume
 

compendium of U.S. suppliers of industrial products and
 

services, Issued annually)1 back to 1920 showed that
 

suppliers were much more likely to market products called
 

"benzene*1 or '"naphtha" than benzine,. For example, in 1930,
 

about forty suppliers were listed for both benzene and
 

naphtha while about five were listed Cor benzine. Based on
 

these considerations, it is likely that the solvent called
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"benzene" at GE Plttsfleld was actually benzene;,, though
 

other constituents and exact compositions; can not be known.
 

Trlchloroethylene
 

The solvent tzlchloroethylene (TCE) was used primarily
 

In six operation!!) throughout the plant (see Table 2-10).
 
Its use was almost always in degreasers and,, as, a result,
 

exposure was comparatively restricted: Hewer .than 10% of
 

jobs were rated for exposure to TCE (see Table 2-11),.
 

The use dates for TCE varied with department,, It has
 

been phased out of most departments over time and replaced
 

with 1, 1, :i. tzichloroethane primarily or methylene chloride
 

In a iEew cases. The last year of UJHC ranges between I960
 

and 1977. The start date vrais somewhat uncurtain:
 

int(!:rvl.(!iwee:!j leipnembered TCE use In the late 19305 and HMOii!.
 
Industry wide use Increased dramatically in the 19:205 and
 

1930s., Baaied on 'these considerations,, 1930 was chosen as
 
4
 

the plant-wide beginning year oiE: use.,
 

The exposure rating scale for analyslis was chosen to
 

be consistent with the solvent rating scale used lior benzene
 

and other solvents. The rating system used was therefore 0,
 

1, and 2 where 1 equaled indirect: exposure and 2 equaled
 

direct exposure.
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Of mil the solvents reportedly used,, TCE was chosen to
 

be rated in this study based on the following reasoning.
 
First, It I.isa known animal carcinogen with the same target
 
organ in animals as PCBs: the liver. In a study of PCS
 

exposed capacitor manufacturllng workers by Brown and Jones
 

(1981), those workers exposed to TCE were excluded from the
 

study to el .iminate confound Ing carcinogen exposures;, The
 

number oil workers actually exposed to TCE in that study was
 

very itv and did not permit statistical analysis of TCE
 
contrlbutjlon to outcome, ;i;n our study,, the, number 0:1:
 
expojsed jobs appeared large enough to per unit analyiiilai..
 

other is oil vents
 

The category '"other solvents1'1 includes almost all other
 

solvents used at the plant with the exclusion of the
 
following: benzene, trlchloroethylene^ ethyl alcohol,,
 

nethyl alcohol,, and acetone. ][t include!!): ¥aic:sol
 
(petroleuini spirits]!,, CPE 1000 (petroleun spirits plus .
 

methylene chloride 1,, methylene chloride, keroiseime,, paiivl;

tlhiinners (pr imar lly xylene/toluene based) <, solvent based
 
paints,, xylene, toluene, and naphtha.
 

lEioirne type of solvent exposure occurred In the iDiiajlority
 
o:l! operationis (see Table 2-10),, More jobs we re exposed to
 

solvents than any other exposure: 6<<l% o:l: Job building pairs
 

were rated as having solvent exposures (see Table 2-11).
 

solvents were used for general cleaning In machining and
 

J
 

 i 
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fabrication operations, and I: or paints and paint 1:h Inner at in
 

painting operations,, as well as various specialized use®
 

around the plant (e.g., kerosene treatment of core and coil
 

during assembly; die cleaning in Mire Hill), Since 1950
 

Varsol and CPE 1000 have been the primary cleaning solvents
 

at the plant though individual departments frequently use
 

additional solvents. Before 19SO, a variety of
 

solvents was used. The specific type® ol: solvents used by
 

departments before 1940 was not obtainable from interviewees
 

ox: plant records. A variety of solvent based paints and
 

thinners were used in painting operations (gerformed
 

primarily in operational 13, 15, 23, and 25 with touch-up
 

painting occurring in operationis lijr 1.'7, Ml,, and 26>). The
 

paints used were priroarily Wlalkyd resin1"1 paints; many were
 

]Lead-ba5ed., Neither the intervlewees nor plant record®
 

could provide much detail on exact composition over time.,
 

Given the uncertainties in characterizing the variety
 

of historical 501 vent; and paint exposures, including' exact
 

composition and the presence oiE benzene or at aspect
 

carcinogenst, a general petroleum solvent exposure category
 

was established, The sane rating scale (0, 1, 2) used iEor
 

benzene and TCE was used to analyze solvents. Plant-wide
 

usage dates were 1901 to 1987. The nature oiE the light
 

manui-actuxlng operational at GE iPlttsfield has been
 
sufficiently stable so that Interviewees were certain that
 
solvent use had extended back to 1901 in most departments.
 



Machining Fluid!}
 

Machining fluids are used in various department;!!, lie::
 

ma chilli Ing and £abr Ication operation!!) (see Table 2-10) „
 

Plant-vide use date® are 1901 to 1987,, Various type 5 of
 

machining fluids have been employed over time,, The basic
 

use trend!!! were as follows: straight mineral oils were used
 

exclusively until the 1940s; soluble oils were 1 introduced in
 

various departments during the 1940s and 1950s; synthetic
 

machining fluids were introduced in the 1970s, currently
 

soluble and synthetic oils are primarily used with very
 

mini ma 1 usage oil straight cutting oils.
 

Information on exactly when soluble and synthetic
 

coolants were introduced into different departments, the
 
exact composition o:l: these fluids, and the relative
 

quantities oil: different types wsed over time was not
 

available liroim Interviewee!!! or plant records.. For these
 

reasons,, a single exposure category oiE *':ma<::hlnl.n<:| lEilulds"
 

was created., For analysis,, the rating scale was collapsed
 

to 0 and 1 where 1 was de£lined as Indirect or direct
 
exposure. Given the heterogeneity of the nature 01: the
 

exposures^, an exposure ratling scale with more categories did
 

not seem justified,
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Asbestos was used in a number of: operations (see Table
 
2-10!) in two ways. The asbestos exposure in the ma jot Jlty of
 
opera tions came from the use of wo vein asbestos blanket!!)
 

(used wet) ais insulation during brazing ox: we Idling. FOX:
 
example,, asbestos blankets were used In Coll wind ling during;
 

^
 

the brazing of wire leads to cover the body o£ the wire col. 1
 

and prevent damage to wire insulation. This is generally
 
considered a fairly low asbestos exposure. Jobs in
 
ope cat lions 1,, 9, 16,, 17,, ill,. :!!!:>,, and 2(i had vrhat conistituted
 

a low asbestos exposure iErom the use ol: woven asbestos
 
blamikets, toibeiKtosii blankets were used In these operations
 
£rom 1940 to 1975.
 

Asbestos was used to make some pieces of lnisul.atl.oini In
 
/
 

FT insiulatlLon durllng the period il.̂ lJ'O-l'ihS;!:.,, ][t was also used
 
to :l:orrai one type o:l: cylindes: l.n Tube Rolling between 19SO­
ISifiO, Sonu: InteiirvJiewees reported that asbestois tape was used
 
to Insulate some types of wire in the Wire Mill between
 
19 S7 -19 70;; h owe vei:«, pr od uct is pec I. £ 1 cat I on recordis do not
 

Indicate that asbestos wais used,, Thouigh the asbestos
 
exposure in these operations was higher than what occurred
 
with the use ol: asbestos blanket!!!. It was :l:ar iiK>x:e
 
intermittent and occurred over much shorter time periods.
 
For example ,r only a simall percentage ol: the total number o£
 
insulatlLon pieces was niade lErom asbestos during the period
 
:i.9!:iO-:i.9i(jS. (Note that the :)iobs in a given category In
 
insulation would be rated as having potential asbestos
 



11-36 

exposure for this period even though only a portion of the
 
workers would be exposed at a given point in time).
 

Since tint!! overwhelming majority of: asbestos exposure
 
was a low level exposure from use of asbestos blankets,, the
 

rating scale used for asbestos exposure was 0 and 1 where
 
'":i.w equaled indirect on: direct exposure. Despite the
 
uncertainties about the frequency and levels oil: exposure In
 
FT Insulation,, Tube Rolling, and Wire Hill,, a M.H rating
 

constitutes, £011: the most part,, a low asbestos exposure In
 
this study, Asbestoai was also used In GEN.|y[< manu£acturIng
 
buil. workers were not coded :lior asbestos since operations had
 
been shut down 10 years previously and no interviews were
 
feasible.
 

!•>ynthe t; ic Res 1 n eyai teiKiis 

Exposures IroiJii phenol forinttaldehyde and polyvlLnyl forwial 

reiiiin systenni!) occurred in seven operations which are'listed 
and described in Table 2-l"K A variety of diiEiierent resin 

systents were used In these operations •• primarily phenol 

jioirnaldehyde resinia (FT Tube Rolling,, PT Core Fabrication., 

FT ][;initiation,, If'lastics) and polyvlnyl lEioriul resins (¥ire 

M i l l )  . Exposure to decoimpositlLon products oiE: Forniex 

polyvinyl iEioinul resins 1 lEoriuldehyde,, phenol^ cresol!) 
occurred durllng lbs:az!Lni:| in FT and DT Co 11 wind ing. 

iseveicajl. KH surveys have measured exposures to phenol, 

for-ualdehyde, cresol,, and anil ine, in addition,, exposures 
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to other constituents of the resin systems probably ^ .1} 

occurred. Information on all constituents of all resin 
systems was not i: ILg oro usly sought in this study but probably 
could be obtained. 

Formaldehyde ini a known mutagen and animal catcJLnogen. 

][ t produced nasal cancer aiEitex: JLnhalatlLOiii expotsure In n:at!« 

and mice in two separate stud Jl ess. The available 

toxic© log leal IniEonination on the teait oiE the known exposure:!! 

I:1; IJLmited. Aniline is a imuta<:|en and produced neoplasms In 
KNEiitis a!:t« oral adiniJLnlstratlLon iEox: 29 week!!) at a doise oil !»0 

invg/kg; llts IKRC claissi iEilLcatJLon i;s JLndeiilnJite animal 

carcinogen. Phenol Is a mutacien and haisi produced iskin 

r In nice In two separate istudleiii . Cremol has produced 

cancer in niice in one istiuidy. HexaitnetliiyltetrainJlne iis a 

Given the heterocjeneous nature of the resin syiiitenti 

e;M:poi!ti.irei!ilp a rating incale of 0 and 1 where 1 equaled 
jlndlicec'l: or direct: exposure was used. Use dates depended on 

department and are listed in Table :;>-17, 

other Expoiiiures 

Thins sec til on dl is classes other exposures at GB PJLttsi: ield 

which were/are relatively widespread, i . e . , used in several 
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operations, but were not raited by interviewees. These ,y >. / 

nonetheless could be studied by performing an analysis by 

operation,, job title,, or building, 

The first exposure class is that: of metal fume and 

dual. Exposure to metals occurred In numerous welding,, 

brazing,, soldering,, ii»ch lining,, paintling, and plat ling 

oper.ition;!! throughout the plant site. By and large the 

overwhelming majority oil! exposures were to iron and iron 

oxide in Machining and weld ing operations and copper duist 
and iliuine in machining and bra;t:ll,ng operation!!!. However,, eowie 

stdilnless steel partis are welded in train 1:1 iEo:nnei aisiseinibly,, 

jE»evei:;al industiial hygllene surveys during i978™l'9iEIO have 
5i:iin|.i'h!!d for nickel and chroniliunci. Nickel levels ranged! 

between non-detectable to 0,015 mg/nS,, chr01:11 iurn levelis 

between 0.014 to € .02 ng/miB. one IN isurvey in ttaniSiEiorraeri!) 

sampled lioi: berylijluioit durl i img alum In urn weldlLng; levels were 

non-detectable,, laerylllhaiiin has been most iEirequently uiiied in 

ordnance liiyiEiteiins (levels not available). cadniumi (0.003­
(),,0rs> iDiig/iinJl and lead (OJCI29 ng/md) exposure:!! have been 

l:ound during copper brazing in Bushings. Chromium C0 .02­
0.05 iig/itni3) and nickel ( 0 .03 -0 ,07 iwi/'mi:!) exposures were 
liound in a imiital lEipraylLng opeitration In the Tool Room,, 

iniiorimation on all metal alloyi!i<r elect:rodes(P 

^, and £ luxe is uined at OE PittsiEiieid wa,j!i not sought I in 

thl:!-, istudy and would be di:l::l:icultir li not impossible* to 

obtain. All Interviewees and the IH Department agreed that 

exposures to exotic petals were not significant. However, 
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S1 
II:: desired, an analysis could be done using job titles - -•'..,..' 
jobs lin 1:1500 sexMlew are brazens and those in the 5700 aeries 

are welders (see OH! Job Code Book) . 
Metal exposure!!! have also occurred lin pa in t ing 

operatlons: lead, chromate, and sine based pigments have 

been used in several operations, The actoisil exteint of uaiage 

lljs unknown but probably considerable. Ain«ilyis:l,5 could be 

done by operation (all illobs in operation!!) 14 and 2::l) and by 

job title CS100 iserlesll. 

There are iseveral woodworking ishopis at the plant, ilun 

analyi!>l5 could be conducted eJLther by operatllon (operation 

nuimljicjL!!! 6 and! ii!0) or by ;:iob title (serleiis 5900 and 6100),, 

During testing oil! tiransiliormieit:!!) (each inanuliactured 

tr.riii[i;j!ME:orner ILis teiiited under rated load and isurcie condition!!; 

be I:cure ishlpmentli and development of ttaniiilEiotinieiEis in High 

Voltage Laboratory^ won: IMS in;; and engineer!!! are exposed to 

electrical and magnet lie illeldh!). At leatst one report 

([Hillhianai!) has observed increaiaed leukeiiia in workeris in 

varJLous occupationiii expoised to electrJLcal and nagiriietJic 

:l:leld£(, This could be analyzed by job tit lie (iserles 1700) 

and operation 13'S)] ' , 

FJinallyir exposure to nunnerouai type!S a I! adheisiveis iis 

widespread at OE Pltts:l:le]ldir occui: i: l.n<;i in at leaaft 19 

operations. Water,, solvent-based, and epoxy adheslves have 
been Uised at GE,, Exact ILdientlLJiication of cl:l I! lie rent types 

wa» not poBisible. The moat common type used hais been 

•Olyptalw, of which there are two types: polyvinyl butyral 
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and phenol Ic it: em In in acetone-a Icohol and cellulose acetate 

JLn acetone,, it is likely that the primary exposure from 

adhcsives is the vehicle,, Host resin systems have high 

molecular weights a mil probably do not constitute a major 

aij[:bo.i:ne exposure ., In the case oil: epoxles, isoae exposure 

night occur to ;!in»Ll moleculat weight reactlLve diluents ox: 

unrnantffid «!p]lcholox:ohyd][:in but "epoxiei!!1* have been the lea:st 

used clasis ol: adhesJlve at GE PILtta t jEi lLeld, Moiat oil the jobis 

U£>lnci ad h (Mill. vein were alino expouied to petroleoiEii molvcinti!) and 
have received a 50! vent exposure iratiLng., Exact inaliormatjion 

on type of adhesive used by :;lob is not availlaible . An 

analyiiilii!) could be done,,, with considerable unce]t:talintyr by 
ope id Li on. 
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Table 2-1
 

Examples of Categorical, Exposure Ratinq Scales
 

Exposur e C1 assi. f i c at i on A s s i. ci n ment C r i t e r i a 

A, Arp et al . (1383) 

Pr imairy benzene	 D i. r e c t r a u t i n e u s IE; o r 
handling
 

Secondary benzene	 N o d i. r e c t h a n d 1 i n g t:i u t 
be n;:: e n e u s e d i n w o r k ar e a 

Primary solvent	 Dirent routine use or
 
handling
 

Sec: ondar y sol vent	 No direct handling but 
solvents used in work area 

B. Waxwei liar (1381) 

i!)	 No exposure
I	 Minimal oxfxisuro to low levi-ls (Chemical in lui 

not handled, low vapor pressure ami dust U-vrl. proba­
bly works on different llmiM 

Z	 Moderate exposure (Works aniund the chemical. Inn 
exposure is minimal) 

;:	 Works in areas where subject to occasional high excur­
ftiuns (Normally exposure is minimal but occasional 
:«,|i'ill!<,, leailu,, or dust, exposure may occur 
Works in areas where level is hijjh (F.xposun.* levels in 
the area are frequently hi^h. iVli|j;ht. consider that soim­
risk is involved if chemical is very toxic) 
Intimate contact—skin or high inhalation (such ;is pnly 
cleaners, hainnllliiniK slurry) 

C. Kromhout et al.	 (13Q7) 

1. «= No exposure	 No contact; chemical is present, but this task is not involved 
2 ••••• Minor exposure Minor comact; chemical is handled in a closed system; (here arc no 

special activities in this task:, which cnlumce exposure; exposure 
lakes place becawsi:: of presence: iirt this department 

3 ::: Ivfcdium i::xpo:siurc Varying and mainly passive contact; chemical is in a closed system, 
bun now and men handwork, is needed through which exposure is 
enhanced 

4 == High exposure: Regular contact; because of the character of the production process 
and riecessairy handwork, regular contact, is required 
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Table 2~2
 

CONSTRUCTION OF JOB -EXPO SURE HISTORY DATA BASE
 

WORK HISTORY
 
DATA BASE;
 

I dent ify unit 
operations 

I identify job 
t i 11 es 

Construct job

descriptions

and codes
 

Construct: iindi­
v idual work 
h i s t: or i es 

EXPOSURE HISTORY
 
DATA BASE
 

Identify unit: 
operat i ons 

I d ent i f y 'ch«i i ca 1 s 
st nd ms\ t e r i a 1 s u s ed 

IDetermine all pot en-
t: ia 1 expo sure;; 

Select relevant 
exposure!; 

Rate job 1: i t ies 
for potent ial 
exposures 

A'S'iernble exposure: 
hi staries for 
<s;tudy ind iv idual <> 
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Tab Is 2-3
 

UMMC Exposure Rating Scale
 

E x po s u r e R a t i n g
 

0, Mo exposure
 

1, Indirect exposure
 

2f Direct low or
 
i n frequent exposure
 

Assi gnment Cr i. t er i a
 

No ex p o s u r e i: o c h e rri i c a 1 

Chemical in work area but 
does not work di rec11y 
w i t h chemical 

Works directly wi th chemical 
but exposure is low or i n f r e ­
quent 

3, Direct medium to Works d i rec t ly w i t h chemica l 
high exposure at medium to h igh levels on 

a r o u t i n e basis 
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Table 2-4
 

EXTERNAL VALIDATION:: INDUSTRIAL HYGIENE SURVEYS OF RESIDUAL
 
AIRBORNE: PCBS
 

IJu i Id ing Surveyed Air PCB level, fiu i Id ing iiclent i f i (id 
by interviewees as 
PCIi i.::se area 

Laboratory 6.3 
Power Transformer AssembIy it ,.6 
1) i str 1 biu t: i on Iran sf ormer Ik.k 

Assembly 
Regulator Assembly 6.3 
Tank Fabrication (Bldg 33) 0.5 
Capac i tor F:'abr i cat i on 1,4 
Scrap and Salv«ic|e 6.2 
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Table 2-5
 

A g r e e rn e n t B e t w e e n I n t er v i e w e e s 0 n
 
J o b T i t ]. e R a t i n a s
 

Exposure Percent 
Identical 

Percent 
One Rank, 

Percent 
Two Rank: 

Rat ing D:i. f for one e=! Di fference 

Pyranol 90 

Benzene £34 13 

T r i c h 1 o r o e t hyI e ne 9 4 

Solvents 70 

Asbestos 93 4 

Resin 'Systems 98, 1 

Ml ac h i n i n g F1 u i c! s 92 
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TABLE2 -6 OPERATIONS OF HS£H CASE/CONTROL STUDY.
 

HSPH ASSIGNED
 
OPERATION_NUMBER


1

2

3


4

5


6

7

8

9


10


11


12

13 '

14

15


1.6

17


18

19

20

21


22

23

24

25


26


27


 OPERATION ( GE COMPONENT NUMBER)
 

£2i!!!::!i: TRANSFORMERS
 

 Coil-Winding (5310-5318)
 
 Tube Rolling (5330-5332)
 
 Wire Mill (5350-5359)
 

COMPONENTS
 

 Annealing
 
 Core Fabrication and Core Building
 

(5450, 5451, 5454, 5456)
 
 Woodworking (5455)
 
 Insulation (5461, 5462)
 
 Cables (546.3)
 
 Copper Fabrication (5464)
 
 Load Ratio (5481, 5482)'
 

PT-MECHANICAL COMPONENTS - SMALL
 

 Fabrication: Structural Steel, Sheet
 
He tal Operations , and Machining
 

(5521-5526, 5551)
 
 Welding (5521, 5524, 5551-5553)
 

 Radiators (5520)
 
 Painting (5521, 5524, 5552,, 55515)
 
 Tank Test, finish, assembly (5554, 5555)
 

ASSEMBLY
 

 Internal Assembly (5620-5624)
 
 External Assembly and Test (5630-5636,,
 

5638, 5639, 56130, 5681)
 

TRANSFORMERS
 

 Coil Winding (5721)
 
 Insulation (5722)
 
 Woodworking (5722)
 
 Fabrication : Core-cutting , tank
 

fabrication, machining (5723-5725)
 
 Welding (5724, S72S)
 
 Painting (5724, 5725)
 
 Tank test and finish (5724)
 
 ML- 3 2 and Inductrol Regulators
 

(5741-5743, 5752, 5753)
 
 Lacing (core-building), Assembly
 

Inspection (5751, 5754, 5760)
 
 Concrete Reactors (5726)
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/v 
28

OPERATION NUMBER . OPERATION (GE COMPONENT NUMBER)
 

PROTECTIVE EQUIPMENT
 

 Lightning Arresters (5841-5855, 5870,
 
58(30, 5890, 5891)
 

29 Bushings (5900-5990)
 
30 Cutouts (5856)
 

OTHER OPEATIONS
 

31 Area Maintenance - Tool Room and
 
Machine Shop (52981, 5299)­

32 Area Maintenance ••• Instrument and
 
Equipment Repair; Crane, Elevator,
 
and Motor Repair (5291-5295)
 

33 Construction (5037-5039)
 
34 Transportation and Material!;
 

Reclamation (5020-5025)
 
35 Cleaning (5026)
 
36 Power Station and Gai; Plant; (5029-5033)
 
37 Specialty Process Control: Chemical
 

Storage and Mixing
 
38 oil Farms
 
39 High Voltage Lab
 
40 MgO Manufacture
 
41 Capacitors
 
42 p hJto Dept/Multilith Operation
 
44 Medical
 
45 Ordinance 
46 Phenol Plant
 
47 Plastics
 
48 PT Plating/Galvanising (Bldg 41)
 
49 Laboratory•
 
50 Engineering- and Drafting
 
51 Shipping/Receiving
 
52 Plant Protect:ion
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Table.2""9 Compunds of Toxicological Interest at GE Pittsfield: Explanation 

Ex£osure_Estimate Key
 

1. "Level"" - refers to average exposure rating assigned to job titles in
 
operation.
 
Definitions: L*indirect low or direct low or infrequent exposure
 

H-H == direct, medium to high level exposure
 

2. "Extent of	 Usage" - refers; to number oil jobs exposed within ..an operation,
 
Definitions::	 1 == minimal usage, less than 10% of job titles exposed
 

2 '•- moderate usage, 10-50% of job titles exposed
 
3 » widespread usage, greater than 50% of job titles exposed
 

Glossary
 

CPE .1.000 ••> benzine plus methylene chloride
 
Glyptal - either polyvinyl butyral and phenolic: resins in acetone/alcohol
 

or cellulose acetate in alcohol
 
<:;.l.y ptal 1500 Thinner - xylene plus VM and P Naphtha
 
Varsol ••• benzine: or petroleum
 

Note: benzine, petroleum spirits, and mineral spirits are usually synonomous, 
constituting a petroleum distillate fraction of boiling point range 150-200°C, 
primarily Cg aliphatics. VIM and P Naphtha is a petroleuo distillate frac­
tion of boiling point range 95-160°C - primarily Ce; ••• C^ aliphatics. 
See Patty's,, 3rd Edition, Volume 2B, p. 3370 for more information. 
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TABLE2-11 PERCENTAGE OF JOB-BUILDING PAIRS IN EXPOSURE HISTORY FILE 
RATED FOR EXPOSURES. 

NUMBER OF PERCENTAGE 
CHEMICAL HATING JOB-BUILDING JOB-BUILDING 
EXPOSURE CATEGORY PAIRS______ PAIRS 

SB
 Pyranol
 0 2600
 
0. 
1. 
2. 
3. 

5
0
0
0 

860 19 
756 17 
174 4 
87 2 

Benzene
 

Trich1oroethylene
 

Other Petroleum
 
Solvents
 

Machining Fluids
 

Asbestos
 

Re!>in Systems
 

0
1
2 

0
1
2 
0
i
2 

0
1 

0
1 
0
1 

3171 70 
950 21 
356 B 

•4088 91
 
333 7
 
56 2
 

1586 35 
18S>5 41 
1034 23 

3 566 60 
911 20 

3811 85 
666 15 

4069 91 
408 9 
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TABLE 2-12CO_DED EXPOSURES	 AND EXPOSURE RATING DEFINITIONS 

EXPOSURE RATING DEFINITIONS
 

0	 No Exposure

(),.	 Potential exposure from adjacent
 

or prior high exposure are: a:;
 
Indirect Exposure (chemical in workplace:'
 
does not work directly with chemical)
 
Direct Low or Infrequent: Exposure
 
(works directly with chemical but
 
exposure is low or infrequent)
 
Direct: Medium to High Exposure (work:;
 
directly with, chemical an: medium to
 
high levels on a routine basis)
 

Benzene 0 No Exposure
1 Indirect Exposure (chemical in workplace; 

does not work directly with chemical) 
Direct Qcpoisuns! (works directly with chemical 

of level or frequency) 

Trichloroethylene	 See Benzene Exposure Rating
 

Petroleum Solvents;	 See Benzene Exposure Rating
 

" -bestO!-;	 0 No Exposure
 
1 Indirect: or Direct Exposure
 

. .achining Fluids	 See Asbestos E;q:>osure Rating
 

See Asbestos Exposure Rating
 
Res; in System;;
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Table 2-13 
RESIDUAL AIRBORNE: PCB
 

CONCENTRATIONS IN PITTSFIELO
 

B U I L D I N G CONCENTRATION LOCATION DATE: SAMPLED LEVEL IN qG/H 
Laboratory 11-2 '78 2/7,  7. .9 

Illl 6.5 
11-3 6.4 

9.1 
IH 6,6 

Power Trams- 1! 1-1 4.7 
former Exter- 3.2 
nal Assem- 2.9 
bly ' 4.8 

4.6' <i c • 9.6 
Out! > i d e 12 2.1 

27. 1Distribution « "' IS! ,.6Transformer .,,. ., 23.2 Assembly '"„!'"" S.2 
Outside 26 1.6

 Z! Z[. 7DT and (L8Regulator 3.5 Assembly. 2 .3 
11 6. .8 
3.8 

'< i*' ^ f 6.3 
DT Tank 33"-2 9/2377S .7 
Shop I .3 

•i I '.6 
Capacitors 4Z-1 I77!r 5/11  . i 

42-2 .9 
42-3 3.0 

1 .0 
42-4 3.0 

Ml 2.0 
42- 5 , N . D . 

,;•......„.,.. ..mr] 60 :J.b,i.jUk;i-«,.-2/7, '78 7.9 ;;.;; ;:';:;" 'k> outside ISOA ' *p* '*.•*>*- 17.4 ocLi v <i]=;i:: .. ., ,.
04 A 5.3 
64 S 3.0 
64W 1.4 

Between 641 J!> 64W ., 2.1 
" 3/4 Ml. W of p lant 9/26//B -uo 

2 Mi. SE of p lan t |  - 1 - ' 
3-1/2 Ml. N of p l an t ,J,, -1''6 
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Table 2~L5 Pittsfield, m res idents: 
Serum PCS Level of Participant:!; Divided 

Into four Groups on Clue Oasis of 
Informa tlion Ob ta Ined on the Occupa I: ional 

and Res i dency HI s Cory Ques tionna i res; 

fted i an PCB Riiniqe > 20 ppb 
in n, .. % 

A.	 History of having worked 43 21.7 4.8-378 23 53.5 
.ill: General: Electric 

lil., History of having lived 12 15.6 1.7-31.8 5 41.7 
with someone Mho worked &t 
General l-riectrlc: but no 
history of the Individual 
ever working there 

C.. Resident!!; of the com tarn- 8.3 5.9-14.1 0 0 
inated neigluborhood and 
no association with 
feneral Electrie: 

0,, Residents of non-contaiii- 6,9 3,2-17.1 0 0 
Inated neighborhood and 
no association with 
General Electric 
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Table2™16 Blood serum concentrations in general population j
in South Carolina 

Race and No. in IPClJfi Meaaureable In PC3 ConcMincriitloni!! 
ReiiddenciK £!impl«> No,, 1 Aw* Kiuc 

ppb ppb 

Rural black 107 5 A,,!)? 9,45 :!(]„(• 
Urban black 151 57 37.75 5.22 29.0 
Rural whit: i» 192 119 61 .98 5.12 1L6..6 
Urban white 1.66 89 53 .61 4, JIB 22 .0 

oli in«!anurieable conciinCratloirni 

Reference: Finklea et al. (1972) 
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III-l
 

A. INTRODUCTION
 

In this chapter vie present a. immmary report: of our analysis of the
 

1969-1984 mortality data from the General Electric (G.E.) Plttsfleld
 

facility, using; exposure rating;!, supplied by Karllyn Hallock and Thoaas
 

Smith (University of Massachusetts),, as described In Chapter II, Our
 

objective was t:o detect: possible excess cancer risks associated with any
 

of the exposure ratings, This chapter liunnnarIzes our methods; and
 

results;, presentis; 0111: epidemiologic Interpretation of these results, and
 

offers; aooe recommendations for further research. Technical detail:!: of
 

our statistical methods; are given In Appendices III and V-VII.
 

Annotated computer (:ii.bulat:lo[iLi; of our data and our statistical analyses
 

are given in Appendices IV-VII. Aa analyslii of potential confounding by
 

smoking li> jgiwn in Appendix VIII.
 

B. MATEEUALS
 

Subjects for the analysis were deceased G.E, employee!; who met: all
 

the following; criteria:
 

1) Had. been employed lit: G.E. before Dec,, 31, 1984. 

2) Date of death was in the interval 1969-1984 (no pension records 

were .available for enployates who died before 1969); 

3) Death was reported to and recorded by the G.E. pension office 

(benefits were available to next-of-kin of employees vested in the 

pension fund, and next-of-kin of employees who died on the Job); 

4) Had a job-history record available for exposure racing,, 

Subjects were restricted to white males, beca.uii;e there were too few
 

nonwhites or females to allow analytic control for race or sex. Vesting
 

requirements for G.E. workers varied over time, but for most of the
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exposure period under study required 10-15 years employment at G.E.
 

Further data restrictions were imposed in the course of the analysis;
 

these will be described below.
 

Figure III-l provides a flow chart of entry into the initial data
 

set. Note that the slxe of the employee cohort and the number of
 

persons passing through each step is unknown, except for the final node,
 

Work history record!: turned out not to be available for a large fraction
 

of the, candidate subjects;, especially In the earlier years of death
 

(Table III-l). We note that lack of Job-history availability arose from
 

routine disposal of records by G.E. over time a.nd from misfiling.
 

Possible biases arising from the selection process Illustrated in fig.
 

III-l will be discussed in the Interpretation section,
 

After initial data description,, the following further restrictions
 

Csuimurixed in Figure III-2) were imposed on the 1,,911 subjects:
 

1) To eliminate concerns with confounding or diagnostic error 

at extremes of age, only deaths; age 21-90 were analyzed 

2) All. subjects but one stopped work at Pittsfield In 1946 or 

later. The single exception, who retired in 1932, was 

excluded from the analysis. 

3) The subjects for whom more than 50% of their work history 

was unrated for Pyranol exposure were excluded from the 

analysis., 

Of the 1,821 subjects remaining after the last exclusion!;, those with
 

incomplete ratings had their exposures in unrated periods imputed from
 

the time-weighted average'of exposures in rated periods. For example,
 

stuppose a subject had 20 rated years, 12 of them at Pyranol level 2, <<>
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 Illof t:b.<!!DDi at PyiMi.no! level 1, and 5 unrated years: then the subject was 

imputed to have had 5 additional ye,EL re of Pyranol level 

[12(2) + 4(1) + 4(0)]|/(12 •(• 4 4- 4) ™ 1,4 (rounded to 1). 

LKSK than 2% of the 51,063 person-years of employment had their exposure 

level assigned by liccr|jutatlon,, Subjects had aLso accumulated 16,432 

person-years of retirement., 

Table III-2 displays the distribution of deaths according to job­

hiiitory avjillablllty, dtnd line dliitributlon of deaths iiHscting the final 

riiiitrlctlonii among thoiEiie with an .available job hiistory. The latter 

deaths, liiited In the :l:lriit coluom of Table III-2, conprifiie the subjuccs 

for our mmlysli;. A iiiori! coinplnite tabular deiicrlpiclon of thietie dat:ii is 

given :l.n Appieindix IV. (Ten included subject!; wer<e liiited as having two 

primary canceri; at death nind «ni!re thus caunted in two liite-specific 

groupjE;;; thus the total of the islte-specific nuinbieri; exceeds the total 

number of caitieii, which is: 512.,) 

One huEiidred and i;;e%'en noncanc<E!r deaths; were excluded because of 

conditions listed on the death certificate urhicb we felt: might be 

related to exposure, and no would riinder thieni uaouitable as controls in 

a cancer caise-control amilyiBiisi (inei! Fiji;, HI-2}. 

« 

C. METHODS 

llhe expoiiures and the Biethod of rating individual isiubjects vere 

described in Chapter II (by Marilyn Hallock and Thomas Smith, University 

of Raiiisacbuiiiittffi). Briefly„ for the aoiit common Job isiitei; at G .E . 

Pittiifield, an industrial hygienist rated the site on qualitative scales 

for the following i!xposuri!H which occurred from 1901 to the end of the 

http:PyiMi.no
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study, In 19{)4::
 

1) Pyranol: A transformer oil composed of 50* polychlorinated biphenyls
 

(PCfis) (a mixture of isomers but mostly hexachlorobiphenyl), 50%
 

trichlorobenzene (or a mixture of trl- and tetrachlorobenzene), less
 

than 0.23% phenoxypropene oxides and trade amount!; of dibenzofurans.
 

The PCB concent in Pyranol could vary from 45 to I!Oil.
 

2) Bemiene: Used in various departments for general cleaning; during
 

machining and assembly operations.
 

•1) Trichloroethylene (ICE):: '0«id as a degreitiier.
 

4) Other solvents: this group Include:!: Varsol (petroleum spirits) „ CFE
 

1000 (petroleum spirits and nethylene chloride), inethylene chloride,
 

lioeroiseme „ paint thiirmeris (primarily xyLene or tolueme based)„ solvent
 

baiiiid paintis;, xylene, toluene and niiphthn., Some type of solvent
 

exposure occurred in the majority of plant operations.
 

!:>) Kncbinlnii; fluids: Utied for iiuchining and fabrication operations.
 

Straight mineral oils were flriit used, then soluble oils .inid finally
 

iiynthetic oils. There was ullage of straight cutting ollii.
 

(j) Ajiibeisitioji:; Used as wet insulation blankets during brazing and welding.
 

Some Iiuiulation pieceiEi were iiMi.de from aisibetitos. Alno used n.i> powdered
 

additive in some xesins opermtioms: (dhiis: comp-onerrt: of asbejitos exposunE;
 

was not rated).
 

7) Reitiins lEiyiitenui: primarily phenol formaldehyde and polyvinyl formal 

resin systems.. AjEibestojEi was uned in lioine reiiins opcratloas; as a 

powdered additive. 

The unrated exposures were:: 

a) Mineral oil (lOc oil), used as transformer 
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a) Metal fumes and dust: exposure occurred during welding,bra:::ing and
 

painting with metal based pigments.
 

b) Sawdust in woodworking shops.
 

c) Adhesives: water-based, solvent-based and epoxy (those using
 

petroleum solvents are rated with group 4)
 

d) Electromagnetic fields:: exposure occurred during; testing and
 

development of transformers,
 

The effect of some of the non-rated exposures could be evaluated
 

with a job-site analytiis, which we did not carry out.
 

The levels for asbestos, resins,, and machine fluid ratings were 0
 

«•> no exposure, 1 »•> some exposure; levels for TCE, be-listens, and solvent
 

ratings were 0 ••• no exposure,, 1 «• indirect exposure, 2 ••• direct:
 

exposure; the levels for Pyra.no! ratings were 0 -» no exposure, 1 «••
 

indirect:: exposure, 2 ••• direct: low or infrequent exposure, 3 •«> direct
 

medium to high exposure. A rating of 0.5 for Fyranol had been used
 

initially to identify potential exposure from adjacent or prior high-


exposure areas:, but this rating was later collapsed with the 0 level, as
 

suggested by the industrial hyf[;ienist who (conducted the exposure
 

assessment. Individual exposure scores were computed from these ratings
 

entered in a job ••exposure matrix and from the individual Job historic!;.
 

Initially, we examined exposure scores of the form
 

score <••• :£,, Wj x years spent at level J ,
 

where the weight w,( could equal j for all j ("linear score"), or could
 

equal J2 for all J ("quadratic sicore"), or could equal 1 for all j at or
 

above a certain level and zero for all lower levels,, in which case the
 

•core is simply the time spent at or above a certain level. We also
 

examined various categorizations of these scores. Each score was lagged
 

\
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by two years,, iso that exposures accumulated in the laiii: two years before
 

death could not contribute to the score. This was done to minimise
 

counting exposures after onset of the disease that led to death,
 

We also examined binary indicator,!; of exposure. For all but
 

solvents level 1,, these were coded 1 - ever exposed, 0 ••• never exposed.
 

Because most subjects had at: least: (several, year,!; of solvents level 1
 

exposure, due solvent level 1 Indicator was coded 1 ••• over 20 years, 0 •••
 

20 or fewer yean; of exposure,,
 

For each exposure iscore and cancer lilte involving more than 8
 

cases,, we examined the crude and age'•stratified contingency table of the
 

two variable!!, We aliso examined a modification of the Mantel trend test
 

(see Appendix V) both crude and stratified (up to two at a time) on each
 

of the covariates. Exposure score-cancer pairs meeting a (special
 

screening criterion (described in Appendix I and, in more detail, in
 

Appendix V) were subjected to further contingency-table analyses,
 

including stratification on other exposure acores. Cancer sites
 

involving 4-8 casei) were screened using crude table:;; sites involving
 

:liewer than 4 cases were not examined, For moist analyises, certain .Kites
 

with few cases were combined based on the assumption that any
 

carcinogenic effect of the exposures (should be similar at these sites
 

because of anatomic proximity,, tissue (similarity, similarity of exposure
 

routes, or similarity of diagnostic categories: Liver, gall bladder,
 

and biliary cancers (ICD8 155-156) were combined into a single category,
 

"livbil";; buccal, pharyngeal, and Isryngeal cancers were combined Into a
 

mingle category, "orolx" (ICD8 140-149, 161); malignant and unspecified
 

brain tumors were combined into a single category, "brainp" (ICD8 191­

192, 238) ; all lymphosarcomas and reticulosarcomas were combined into a
 

single category, •lymphomas" (ICDS 200-202) and all leukemias were
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combined (ICD8 204-207). Nevertheless, we also performed tabular
 

analyses on the (separate component: sites as well.
 

Contingency tables were analyzed using the EGRET™ (SERC, 1989}
 

software package, which supplies both asymptotic and (where computable)
 

exact P values and confidence intervals for category-specific odds
 

ratloi:, ais well as; testi; for trend and homogeneity (see Breslow and Day,
 

1980, for a description of these statistics),
 

Logistic regressions were also carried out using EGRET™.
 

Exposures we re screened for entry into continuous-variable regress ions
 

using liberal inclusion criteria (for exposures, p < 0,15 and relative-


risk estimate above 1.3 in screening analyses; see Appendix V for
 

details). Age and death year were entered in all regressions displayed
 

below, and other covariates were entered when their inclusion altered an
 

estimate by noire than 20%.
 

Some covariate combinations were exactly or nearly collinear. For
 

example,, age at death always equal;!! death year minus birth year;
 

duration of employment usually equalled year stopped work minus; hire
 

year,, and was also highly correlated with death year minus hire year,
 

Therefore, we eliniinated birth year from further consideration,,
 

considered hire year only in combination with death year, and considered
 

duration of employment only in combination, with year i;topped work, The
 

death year-hire year combination always gave results close to the
 

duration of employment:-year stopped work combination, and so we
 

preferentially employed the former combination when hire year or
 

duration appeared important.
 

Final regressions with continuous exposurei; were run twice, once
 

for each of two forms of exposures: Vinsorized (pulled back to a maximum
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permliisitole value) exposures and original exposures. In our Uinsorized 

analyses, the 97t:h or the 98th percentile of the control, exposure 

distribution was used as the IU:KImuia permissible value. A large 

difference between results from the two regressions indicates the 

presence of subjects with influential (leveraging) values for exposure. 

Selected, associations IB the modelling; analyses were further 

isiubji!cted t:o a fonoial Induction• Intency analyslii. Exposure scorus were 

recomputed, uusilicij;, waijghtti accordln)!; to time before de,!ith, Appendix III 

(jiectlom €) «md Appendix II jg,i'V'e det:ai.lis of the weight function. In 

brie:!:, the function \isitd :l.s uaiinodal and glveis; iiMixInuin weight to 

expoiiureii; at time ill bufore death ninus 2 yeariE.;; $, IK the nodal 

induction-Latency period. D:L!::!:ei:i!nt valueisi ol: 8 urene employed in 

fontulating expoiiuris iBiEjorei::, and the different is;core,(i «o obtained were 

(entered In log 1.1; tie modelisi. The resulting aodel log; likelihoods could 

then be compared to obtain likelihood-baiied eisitlmntes for (', 

Severn.! iiiultIp'l.e'-co<n|>ar:l.iEion!> techniqueisi were applied to our 

results in order to obtain an overall liunnnary of the degree to which our 

findingii fall within chance! expectations. F-value plots (Schweder and 

Spjotvoll, l!)IJi2) were mad.® of the baisiic trend- t«siit reisiultii and the basic 

blituiry-e:q)oiiure aadelling reiBultii (see Appendiceii V and VI) . Ecnplrlcal 

Bayes leiitiinatieii of the hinaryexpoiEiure model 11 rig result: i; were also 

computed using a nodlfication of the technique presented by Thomas et 

al. (1.985); Appendix VII gives a liiuinmary of thlii method and present!; the 

results. Here, we present the P-value plots from the modelling result,!;, 

For further discussion of the study methods, see Appendix III. 
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D. SUMMARY RESULTS 

Since we examined thousands of contingency table.:; and most of
 

these tables involved multiple strata and exposure categories, no
 

tabular summary of the purely categorical analyses seems practical, Key
 

tablet; are reported in Appendix V. Here, we limit ourselves to
 

descriptive tables III -3 to 5, which summariiiie the covariate and
 

expoisiure score distributions, and table III-6 to 12, which summarise
 

exposure distributions, separately for controls and for cancer sites
 

with more than 8 cases. We report results for selected dichotomous-


exposure Indicators based on the following considerations::
 

1) There were too few cases with Fyranol time at: level 3 or TCE:
 

time at level 2 to allow meaningful analyses of these levels
 

HUB separate entities. Therefore, Fyranol levels 2 and 3
 

were combined into Fyranol level greater than 1 (gtl), and
 

TCE levels 1 and 2 were combined into TCE level greater than
 

0 (gtO).
 

2) Pyranol level 1, benzene level 1,, and solvents level 1 did
 

not show notable associations with any cancer cite (except
 

with pancreatic cancer);; we note that level 1 for
 

variables represented extremely low exposure. Also,
 

nearly everyone was exposed to come degree of solvents level
 

1, which ali;o represented a very low exposure. Therefore,
 

for these three variables, levels 0 and 1 were combined into
 

a single reference level in tables III-6 to 12. Analyses
 

were ali;o performed using only level 0 as the reference
 

level (not shown).
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Mcu.it of the stratified data analyses Involved finer categorization!; of
 

covarlates and multiple- level exposure categorizations. Since the
 

purely categorical analyses led to the sarnie results; as the regression
 

analyses, tables HI-6 to HI-12 sunmarixe the exposure-cancer
 

using the odds ratio estimated from the logistic.
 

Including age, death year, and dtchotonous (exposed/not
 

exposed) exposures. For comparison to the loglfitlc F values, we also
 

give, the F values from the age -I- death-year stratified Mantel trend test
 

using the continuous exposure)!!, with 5 age strata (21-40, 41-60,, 61-70,
 

71-80, ill-90) and 2 deeth-yeex: strata (1969-1976, 1977-1984). These
 

results were used to select variables for analysis by continuous
 

logistic regression (see next section .and table HI-1:) for selections),
 

Note that the d:l.cb.otoiiiouEi--regresi]s::l.ic)n results and the trend- test:
 

results sometlmei; conflict, llhe nioiit comom cause of such conflict is
 

more controls than cases exposed but exposed cases more highly exposed
 

than controls (in which case the regression results appear negative taut
 

the trend test can be positive), or more cases than controls; exposed but
 

exposed controls more hdghly exposed than cases (in which case the
 

regression results appear positive but the trend test can be negative).
 

Figure HI-3 provides a plot of the 98 exposure-cancer P values
 

fx-on the ntultlple-expoiiute regressions. The plot closely follows a
 

diagonal line,, which Is the result expected if all the underlying
 

associations are null, This; result indicates that few, II: any, of the
 

observed associations correspond to non-null underlying associations.
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Modelling wai; limited to the 14 cites with more than 8 case.!;., For
 

each site, we began modelling by entering the dichotomized form of each
 

exposure in a logistic regression model which also contained age and
 

death year, Exposures identified at; important :l.n these regressions; or
 

in the contingency -table screening, according to the criteria given in
 

Appendix V, were further modelled in a continuous form.
 

Table 111-13 summarizes the odds ratios (estimated relative risks)
 

for the 97th control percent lie versus no exposum , based on logistic
 

regression.® using continuous exposure!;, along with age, death year, and
 

hire year. The 97th percent Lie was chosen because It:\ias usual I;/ close
 

to due iiMuclouin caiii: value ,11,1: each si.i:i: , and i;o eistinutet; based on it
 

would be rough <i! Estimates of the luximuin poiiiiible e;!::l:ect among these
 

subj ects . Only the estiimatiss , and not the I? values;,, would chmige if a
 

different percentile wai; used. Note that the logistic regression
 

coe:(::l:lt:ient per unit variation of exposure: can be obtained by taking the
 

log of time odds ratio in table 111 -13 .and dividing by the 97th. exposure
 

percentile in table m-5,
 

More ex't:e:aii !.ve tabulations of the modeli; we fit: are given in
 

Appendix VI. Tabulated is H tiniate s; include the 213 expo sure -cancer
 

aiiisiociationEi which yielded odds ratios greater than 1.0 upon modelling,
 

out of the I! II fi;el«!Cted from utratified or the dichotomous-regreisision
 

analyses for modelling. Also included are associations of asbestos with
 

lung cancer and benzene with leukemia (selected on ajliojl grounds).
 

We caution that the 23 results in table III -13 are themselves the
 

end product of a 3- stage selection process: Out of the 98 associations
 

in tables III -6 to 12, 28 were selected for continuous modelling
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according to the inclusion criterion given in Appendix 1; 23 of the 28
 

showed positive continuous associations; and the models; presented in
 

table III-13 give the best fit among several, dose-response combinations;.
 

As a result of this selection process:, the reported significance! levels;
 

must be downwardly biased (i.e. , tine F values tend to be too small) and
 

the estimates; must be upwardly biased. Furthermore, several of the
 

results; (especially for benzene) are sensitive to influential, data
 

points;, as indicated by the Vinsorized P values given parenthetically in
 

the last colunn (see Appendix VI for coefficients using Vinsorized
 

exposure scores;). Therefore, the "significant" result!; shoud not be
 

regarded as positive 'by the wsua.1. (e.g., 0.05) criteria; 'they only
 

represent the nose significant associations a.fj[;&! selection.
 

In comparing the continuous -exposure results in table III -13 to
 

the dichotoaous-exposure results in tables III-6 to 12, we note that the
 

..-lynpihomas„ TCE« pancreas, solvents;- orolx, and so 1 vents •• lung
 

are greatly reduced in apparent importance in the
 

continuous; regressions (in fact. the solvents;-lung association becomes;
 

slightly negative). For «ta.ch of thesie associations, this discrepancy
 

may be attributed to the fact that a much higher proportion of cases
 

than controls are exposed, but the difference between cases and controls
 

in average tine exposed ist not as large.
 

In regressions with multiple exposures, we attempted to enter
 

product terms to check for departures from the linear-logistic model.
 

Where such tens; could be fitted, none approached conventional (0,05)
 

significance levels and all had extremely large variance, no doubt
 

reflecting the small number of cases available for all sites (except: the
 

lung). Similar results occurred when we attempted to fit quadratic
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terms for single exposures . We also modelled the res in- lung; cancer 

association using cubic -spline logistic regression but again found no 

signif leant departure from the linear- logic tic model , 

As numb en; permitted, we also examined subtypes within the 

compound Kites of orolx, livbil, lymphomas , and leukemias .. Hoist: 

subtypes had too few eases to produce any meaningful (i.e., significant: 

and/or uimuiually large) association,!; „ NevertheleiEiii , the isiolventi; 

wiEiiiociaitian with lyinphoius ( lympho s: arcoma j: 4- reticulosarcomaiEi ) was 

entirely concentrated in the reticulosarcomas . In fact, 5 of the 6 

reticuloiiaircomiaii wens; expoised to liolventii leviEtl 2, compared to 654 of 

1203: controls (!i4i|;),, yieldinjg a crudiK adds ratio of 4.2 and a (two­

tilded) P value of 0,,01 in an a(!;i!- death -year litratified trend test, 

Furthermore,, all the expoimed caiiies had at: leaiiit 8 yearii of exposure. 

Fyranol Irvel gt 1 and benssene level 2 aliio is ho wed aiiiiiociationEi with 

r e l: Iculo i; arcoiM (F ••• 0..02 and 0.04 in age -death -year isitratiiiied trend 

teistis),, but both rei;ultii> were entirely attributable to two cases who had 

long- term erpoisiumi to Pyxanol,, beni:ene, solvents , and in: bus cos . 

We used the induction- latency analysis method described in 

Appendix II and Appendix III, to further analyze the associations of 

retsiinii urith rectal and lung cancer, asbestos with lung; and kidney 

cancer, benzene, solvents, and machine - fluids with kidney cancer, 

solvents with reticulofiarcoina, and TCE with leukemias. Figures III -A to 

III- 8 iiiunnnarize the main reiBulti:. 
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The resins -lung cancer and TCE-leukenias analyses yielded fairly 

flat: likelihoods for the induction* 'latency periods , and none of the 

latency -weighted scores showed n.!ifiiociation!i different from chose in 

table III •• 13 . The benzene •> kidney and solvents -re .ticulosarcoma 

associations appeared strongest for longer induction- latency periods; , 

although the long apparent latency for benzene effects; probably reflects 

the fad: that benzene use waii discontinued in the. 1950 's. and deaths wiire 

not enl:isred in thiii iKtudy bi!;fore 1969. The nachine- fluids- 'kidney- cancer 

aisfliocimtiiEin appeari!d mtron^isiiit for ishorter induc't:io:n- latiKincy period.!! , 

with a IE* 'value of 0.001. for thie ais;iBociatiian when l:l),i: mode of the period 

wiiLis: fixed at IEI .years bis fore death, but:: it:!:ie eiEitiuited iBtrengdh of the 

aisiiEiociation was numerically tins table „ 

U;ii i ri|!; latency ••wi!:l|!;hted licoreji; „ the aisibeiEitoii •• lung , aiibc stos -kidney , 

and isio'bnsntisi -'kidney aisisiociationis; reiuinied very nonsignificant after 

other exposure!!; wtre con'l:r<olled and is;o are onitted here. Becausi! of the 

(doubtful validity of our method when fewer chant five exposed cases are 

available,, we did not: puneue a ireiiinEi-esopbaguisi analysis . Me also did 

not puriiiue the Fyranol-pfltncreaii association becauiie this asiiociation was 

entirely concentrated in Fyronol level 1 e»:po«:yre „ rather than higher 

More complete tabulations of the induction- latency resultj; are
 

given In Appendix Vll .
 

For the associations subjected to induction- latency analysis
 

(except those involving benzene) , we also performed a parallel analyses
 

in which the unweighted exposure scores were divided into two
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component!!; „ One component me insured exposure up to Dec, 31, 1950; we 

labelled these components "epoch 1 , " which on average contributed to 

about half thai recorded employment time. The other component measured 

exposure after thai: date, and we labelled this component "epoch 2.." 

Both components were entered in logistic regressions in place- of the 

original variable „ The procedure was not carried out for benzene 

because wry little beiiuene exposure was recorded in our. data beyond 

1950. 

Table IX I -14 lEiiLiimariiKetti the logistic-regression results, The! 

aiziEoclatlons of reisilitu: with rectii.1 and luni|[; cancer,,- machine fluids; with 

kidney cancer,, and ICE with leukeinias appeared to, be largely or entirely 

concentrated in the poii;t<-19M exposures .. Cross tabulations lihowed that 

the aiii»Dc:l.ation o:l: iiolvenUi level 2 with retl.culoii;arcom,H vai; also 

concM! nitrated in the poistt-19'iO exposure!;, with crude odd!! ratios of 1.4 

for p>rev]J)!:0 e:»:po,iiure and <!!„:) £or po.iit-1950 ejqjoisure . More complete 

tabulationii of tins epoch umlyisiiiEi reiiults are given In Appendix VII. 

There, we isihow chat the riiiiins • >lung cancer ii,iiisioc:l.at:ion ii; largely 

concentrated unon]i; poiit-1950 (i^cpoHuiireis to reisins in oiperatiom; with 

uncoded aisbeiitoii; . 

It him been H u|!;|!;eiii IMI d that the observed resins* >eancer ais;socln.cl.on!; 
ik 

may be due to nincoded erpoiiure to haxardous levels of acbeistos dusts in 

the operations in which aiiibeatoii- filled phenol -formaldehyde res; in was 

produced. To teat thin hypothec ia , w- exaininiEtd cfae asisiociation!> of 

reisin.!; with eiiciphageal, rectal , and lung cancer,, lieparating res1.ru; 

within operations involving uncoded asbestos exposure from resins within 

http:ais;socln.cl.on


III -16 irf operations not involving unco dud asbestos exposure . Ii:' a res ins ••cancer 

afiiiioclation was; due to aisibeiiCoisi confounding, we should expect: the 

association i::o be concentrated in operations involving uncoded asbestos; 

exposure . 

Thiii appeared to be the case for lung cancer, For example, the 

li[)j[;;ii!it:l.ic:»r«!greii;iiion. odds ratio for resins exposure without uncoded 

aiibiKistton •uraiB 1.8 (!)!Hl CL ••• 0,.li>8, 4.7; P ••• 0.24), whili! the: oddii ratio 

for reiiin ancpoisiure potent: Ln.lly widh uncoded aiibeisitoii wais 2.4 (95% CL ••• 

1,4, 4,:i.; P ••• O.,002). (Both odds ratio»> are computed at: the 97th 

per CM: ntil i: of total. reiiiBisi eicpoisure. ) Furthermore, tbeiie resuLl:!; are 

seuiiltivi! to outlierii , Comsidi!tr:!.n.g theae reisiultii, we cannot reject the 

hypo the tiiis; 'that the reisixui-lung cancer a!»isoci<ii.tion lii; due to 

conf oimding .. AJE; would be expected iron the epoch .onalyiBiiE; „ the 

aiKisiociatio'iui were concentratntd in post- 1950 e;<:poii are . 

On the other himd, the reiEiLiM-eiJophiiiijeal and resins -rectal cancer 

afitiociations were ns£ concentrated in the operations with uncoded 

juibeisitoiii (in fact, they appaarad more iii|i;n:l.:l!icant in operations without 

uncodued a.n bes to H , contrax'y to the coniE:oundin|!; hypothesis) ., 

All lung-cancer aaalyiKea were repeated after deleting all deaths 

with KID codeti for nonnalijgxuint x-eisipiratory diaeaiieis from the control 

group. Thifi deletion had only trivial impact on the results. 
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IS. INTERPRETATION OF RESULTS:
 

GENERAL COHSI DERATIONS
 

As the most: general caution, we wish to emphasize that this is a
 

mortal Icy case- control study (i.e., a relative mortality study), with no
 

enumerated population blue. This; mean!!; chat our study data cannot
 

provide an estimate! of the aj2£filu£e. risks of any outcome among former
 

G.E. Pittii field workers, even in tin: absence of bins, This flection
 

d;l.«:u!iises liome of the b:l.«eii that may have affected the relative!- risk
 

eisitinateis; Odds rations;) presented in thiisi
 

.£;M^^^ 

One can h;ypothiE!iii:::e nunnerouii explaaiLtiom; for each aiiiiociation 

that aippeains to be pOiEiitive in table III -13. IheM explanation!; may be 

claiiiilfied into tieven broad categories : 

•'•) .l̂ lLJÎ :J!E.!!:...i:ii!!!i!.!i.l!Ĵ iL![>][|: iESkicpoiisure X cimisied
i 

 (litHne case,s; of) cancer Y, 

•J) !.l̂ &i!J!.!i.!L..£jE!!tL!i.!!J;ii!;>][i: Elipotiure X preventiEid (isiome caiii!!; of) one or 

more of the control dllii eases, or is; aiEiiEiociaced with lioine factor 

that iii pr«!v«!ntiv«! oil due control disease s .. 

•I) JllllSluf ffiUEMJlim .: £)C|]ifliis:ur«! 1 vai; more frequent: ajinong woriwri: who, for 

other r« uoiriJE; ([e.g. , racking) , weri! iiLlneady at elevfitcd risk for 

canc;i!!r Y., 

4) ]i!J,J;!JKii:i[;!KJ[]L!;:ijLL...!E:Ji.i;.S!l]Jil...i];i...!!!]!i;[!:S!.!!.i-l]:;!̂ ..J<iJ!iJi.S'.i!.!iLE!l!̂ ];):Si< such as elevated 

detection of Mcpoiiwe among cases compared to contro I..:; , 

5) l!!J,J;J;J!j;:!!:];iJJi.lLiL...<!i;i;j;:SU;̂ ....ii:i...!i!J:jE!.Sil]L...S;.!̂ JE::[;ijl;.l,:S;.!!J;-![-li> • such as cancer Y more 

frequently detected and recorded among worker!: who were exposed to 

X. 
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6) ][Li.fiE[!i!J!j!-.i:i!!:ji<i!.]L...liL![JLJi:j!!.!u[.s;LKk...!:!dli...Si!iLî ji;];ijE> * Th* proportion of deaths with 

cancer Y recorded by the G.E. pension office wais different from 

the proportion of control deaths recorded, jrQd the ratio of these 

selection proportions wai; higher among the exposed (or highly 

exposed) wo r kers , 

7) MJ;;[[M::!!lLy,jE!lĵ ^ The proportion of 

deathi; with cancer Y among deaths: with & Job history was different 

from the proportion of control deaths with a job history, ,a.n,d. the 

ratio these availability proportion* vais higher among the exposed 

(or highly expoiied) wortenst. 

These explanations are not mutually exclusive. Nor are they exhaus t i .ve , 

n.:i. though ore hope they liubistiiuoie all the plausible! po«;:!.blllt:l.e;;;,, '.['he. 

reinaininjE; poissibllltlei;; include «) eighth "explanation" : 

U) ,!!EMMLS!!:ilL£Obi2I.!!.i> which may be tihoujght of at; an aggregate of various 

isolated.,, noiruiyisteiimtic error 11 , For association!;, examined on a 

priori g;rouB.d!i (iBuch an «;beii cos: and lung cancer) , it it; accounted 

for in the confidence limitii if the distributional assumption;; 

uciid to obtain the limitiii Ji.re correct. Unfortunately, the 

confidence limit!: do not fully account: for random error in 

associations selected by data scr eening , 

Ve will dliiicusisi each of the above explanations in turn: 

1) tfe cannot ru'Li: out i;!.!,;!;:!!.!;.!;!...!;̂ !'!!̂ !!;!!.!;:!!;!];! '"'• ui explanation for any of 

the poiiiitive aiiisoclatioiw in our isitudy. 

'Cloen not iiieeo plauiilble ai: an explanation, for 

if an exposure prevented an iDportant: amount of control death,:; it
 

ishould appear to be iii|i;n:l.:l:!.cantly asisociated with most (if not
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all) of the cancer sites. This was not the case for any of the 

••') .£&]ll; «A!Jl<ili;iji; " Hone of the covariates recorded in our data could be 

invoked a.s, explanatory of any of the associations . In a few 

iiu:tancei; . covariate adjustments produced moderate changes (20%• 

:)0i|) in quantitative but not qualitative results. 

On the other hand, exposure levels were inaccurately 

eiitiinated and iiiaiDiie (especially benzene and solvents) were strongly 

correlated,, Thiii means 'Chat the exposures; would confound one 

another, and their individual effects (if real) could not always 

be clearly separated, This was a particular •problem for 

esophageal , kidney,, and brain tumors;. 

VK. have no evidence regarding th,e status of posslbLc 

unmiEiati'ured conf ounders , excepl: iimokltij; and uncoded asbestos. As 

noted in Appendix ¥111, external and internial evidence argues; 

ni|i;aii[i!i t the hypothea l.is that confounding by smoking could largely 

explain the results., Gcin:frawiding by uncoded aiEibeiitoi: wais 

addre,H liable only tkrou|!;h operation- 'Stratified amalyiieis . For the 

iinoisit part, coinfoundin|[; by uxuiieaiiured fact on; remain!; an important 

poisiis;:!.billty in our liCruidy. 

'*•••') Jili[Li(;;l;̂ :.!::!Li:L!ii;I.J!!.]i....!!:!;:i[:!;!lJE> In exposure or disease assessment seem 

implausible l:o us, tiincot exposure aisisieisuimi-nt was blinded wjLth 

riKiKpect to iitittus at death, and death certification wins performed 

before the study (and exposure ratings) were can: Led out. If, 

however, the intervieweeis: for the a«ieisi!s;m<i!nl:: gave biauecl aniiwers, 

differential errors could result. £ojidifJ[ej£n£iAL_£rj£i£ were 

certainly comcnon, but: these would produce biais; towards the null. 
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fi) ]iiyjEl]l:i!LliL]EiJiJ!!:[]L...i;!J;...:!!JiJEL]E!!!-I<I-d[]L!:;iLĴ l...jE>j!:i.!'.S ]̂i-JL<;!][] requires fairly specific 

elaboration of iiiiechaniiinis. We have no external or internal. 

information for testing any hypothesized mechanism of differential 

selection,, and i;o we cannot address this potiiiibility. 

7) We may evaluate jilf£arjijiitifiLjB2siilablli£X o:'- J°h histories by 

congparinjg, availability ainonjg recorded cancer and control deaths;, 

This is done in tflibiLe III-2, which revi>u.:i.s only mall difference:!: 

In Job-hiiitory .itvallability relative to iBampliri];; nirror (chi­

is:qua:red p «•• 0.13 aftdtr adjustment for overlap of outcome!;). 

Alitiio>u|;;h tihiit; domn:: ncil: rude out the poi;iidbility of differential 

availability by joii[il:-«(:posuiM!-outcome'•ts;tal:u!i, we have no further 

Inflannation bearinj!; on thiis; pos i; lb:l.li l:y. 
11) EUI«ELS!lU!:X;O!i: «:«"«' mont iniplauiiibiLe ai> an e:»:plairuition for the 

reiiiin-lung cancer ajiiiiiociation, It aljio tsieeiiii difficult 1:0 invoke 

a«; an explanation for the iiiolvent-reticuiLoiiarconm ii.Hii5ioclii.tion, and 

for the uncceiEiiEi of kidniey cane 1:1:1;; among iBubjiscts widn exposure to 

btenssene, ais;b«iitoie, or iinachine fluids; (although we cannot reliably 

eval'uiate which of tfaeiie expoiiureist in reisiponiilble for the eKceti!;). 

Except for rn;Kins•• lLucni||; cancer, random error ("chance") lihould be 

coniiidn!i:is>d as an :IL»i[|M>rtax).t: altema.tive explanation, eitipecially 

ii;:ince t±» total nunibex: of iiiignlfleant aistiiiociationii; in the 

iiicreemin|i; analyiBdtii (tablet) III-6 to 12) doea not deviate from the 

nuEaber expected if all the underlying auuoclations are null.. 

In tfii.imoin.ry, we regard diffainentlal ffielectioiri at; the one alternative 

explanation, reasoinable for all the detected associations,, although (with 

the exceptium of invertie cau.!;n.l:ion) ve vould not rale out the other 

alteraativei),. 
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Ĵ 
 

We wish to <! [iiph,si :; i :: e that any exposure and cancer that: did not:
 

Appear to have a positive association in our analysis should not be
 

regarded as having no causal effect. In particular, "false negative"
 

associations may have arisen through confounding, differential or
 

nondiffeic'cintial error.!: in exposure asi;eiisiment: or death certificates ,
 

differential selection, differential Job-history availability, or random
 

error. One may also invoke dined: causation of control deaths (in place
 

of inverse causation) as an eii:pLanatioin for failure to detect' an effect:
 

i: Exposure X caused (some cases of) one or more of
 

the control death)!, or is associated with some cause of the
 

control deaths .
 

If an exposure caused an important amount of control deaths, it would
 

introduce a downward Mat: in all the cancer effect estimate;!; for that
 

exposure. We cannot rule out thiii possibility, for general risk factors;
 

Ouch as cigarette smoking) could produce such an effect.
 

For benzene, there is the additional consideration that it® use at
 

the pla.nl: wu; phased out in the 1950 's, a.nd yet deaths be ion; 1969 were
 

not included in our study. Thus, effects of benzene with induction­

latency periods under 20 years could not be detected by our study.
 

We are certain there is nondifferential miscla«;ification of
 

exposures and cause of death in our data, with a resulting downward bias
 

in our estimates of effect,, Taking into account this bias would
 

strengthen positive and negative associations , and could also change
 

certain null findings to positive or negative ones.
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Finally , with the exception of lung cancer, there were few cases; 

available at each cancer site. The., resulting low power of our titudy 

should further militate agnliiwt overinterpreting our failure to Identify 

certain asiiociationj; as positive . 

We offer three possible explanations for those instances IB which 

uisiociatlonji; appear to be concentrated In exposure after 19 50 ((epoch 2): 

1) The induction -latency periods for these associations tire, under 20 

yiemriB, so tkat effectfi: of i! xposu IM; i; before 19:!iO cairmot be diErtected 

in our atudy (which wiied only deaths; IB-33 yearii after 1950). 

2} Th«! expos'invEtjEi befoiM! 1950 were much more poorly evaluated than 

tho« flifcex: 1!)!JO; t:faii:; would lead to intuch greater attenuation of 

the estinuteisi of uiiEiodLationii for pr<(!~1950 expoiBurei; . 

3) The In|;;r«!dlenl:ii of coopoiJSiitiE! e:)cpo«;ur« K were more hasEardoiLUi after 

1950 than. thoiEM! befo:i:e 1950, due to changeiEi In solvent , res; In, or 

aachine­> fluid coiiipositlDn, or In isicime operation asiioclated with 

l±ii!!«;«! coimpoundjEi „ 

Of theiii: , w«! have no data buiarinjE; on eicplanatlons 1 and 3. Given, the 

uniform method of expoiiiure mtinj!; ure do not i;ee hov a difference in 

Hi valuation (iiiieaiiuniiment) error bistwiien epochiEi could be largn! enough to 

create tiuch dranatic dlfferenceis in aiiiiociation. Explanation 1 ii; moist 

compatibli!! with the reiiulu; of our induction -latency analyses, 

£»:|3ilana.tlon :) i»l{[piit be further ittudied by exaalning the congpoiiition of 

solvents ., reiiirui:,, and machinie fluids over time.. Me note that: the three 

e:n:|)l«iai:lami are not ngutually exclusive,, Me aluo note that a majority 

of the exposures occurred after 1950, so that effects of pre-1950 
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exposures are leiss precisely estimated. This would not, however,
 

explain the unifomlty with which effects; are concentrated in the post­

1950 (Epoch.
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F. INTERPRETATION OF SPECIFIC FINDINGS 

In this section we continent farther OB those sites for which 

specific bias or collinearity consideration!: arose. As; a general 

caution in interprecinjE; the site "specific finding!; (tablets HI-6 to HI­

14) , WE: note again that all time exposure measurements should be regarded 

as heavily nondifferentially inilsclassified relative to the true exposure 

doseis. This has several important implications : 

1) EatpoffiUTii! flusiiEiociaitionii with outcome!! will bit undereisitiinated. 

2) Correlations .iiinong tihe (EKKpoiiureisi will be w]ideriE!iM::iinated. 

3> A.ii a coniiiequiEince ol: 1 aind 2, the confounding o:l: one expoisure by 

another will be undiiiniiBt Inated . 

4) At; a consequence of 1-3, due fad: that one. exposure appears; more 

important than another in (if ay) a regression may re:f:lect better 

«! asur ««en t: of the iiippiEirantly mori! important exposure „ rath«!i: than 

a (stronger true as liociation . 

Althou|i;h ben:E:«tn.«!,, molventisi , and reisiiris each appeared ai>ii!iocin.i:ed 

with eisopha|!;eal cancer,, the overall teiit for the asfiociation of these 

three expoiiureiEi with iiMiophageal cancer yielded F >« 0.12. These three 

exposure!!: are alao too colllniemr to allow any reliable iBieparation of 

their flLisiiEiociatioiui with eii:ophflLj!;eal cancer. Reisiins appeari; to have th<> 

•trongest aniiBociation of the three., From the operations -stratified 

anslyjstiiEt,, it appeari) unlikely that the reninis association might: be due 

in part to an effect of uiDntcoded a.!i;beis:to!> , 
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From our data, MS; Ins appears; a more likely Candidate as a risk 

factor than its collinear exposure); (benzene , solvents) . From the 

operations -stratified analysis, it: appears unlikely that: the resins 

association arouse from confounding by uncoded asbestos. Nevertheless . 

we caution that our estimate of this association IK highly unstable, 

liaiied on contingency- table and modelling analyses;, by far the most 

consistent positive finding in our (study ii; the highly signif leant 

aiiiitiociation of resliru; with lung cancer. This finding contrast::: to the 

ab£:<!!iric«! of association of asbeiitois with lung cancer, ThLs 

Iii diiKconcertinjg,,, isiimcn! th«! ajsbeii ton -lung cancer association is 

probably tibe one motit is:upported by isarlier .ctudies among all the 

aiSiiiiOcIationEi we eixamlned. Several people :[:amJLlin.r with the G.E. 

F:l.ttii:f Held ope rat ions liuggiiiiiil: that the absence of the expected asbestos-

lung cancer ajsusiooiation only raflectiB the fact that jolnii coded as., 

aiibiiisto:!! exposure in fact involved iMctremely low levels of 

Our auEilyiiiss of rissliru; within operations le,!ivi: open the 

poisiisiibility that resliru; are a proxy for uacoded asbiEiiitos. Nevertheless, 

it remain.!) plausible that the reiiins themselves contain a lung 

carcinog<Ein («ee section C) and the result only reflects a leis;s intense 

reiiiin expoisiure in asbejiitoiEi-free operations than In other 'i>perati.ons 

(recall that our resin measurement recorded only duration of exposure. 

not intensity) . And of course we cannot rule out any of the general 

biases discussed above . 
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The col linearity of 'benzene, solvents , asbestos, and machine 

fluids in our data,, along with the small number of kidney -cancer 

make 1.1: impoiiiiible to disentangle the ii!;i;oc:l.al:lt>ns of these exposures; 

with kidney cancer with any certitude , Never Clueless „ the total 

association of these exposures with kidney cancer hai» a wry lav nominal 

P value (IP < 0.005). 

In our data, benzene and machine fluid!; emerge as more precisely 

and corus;:l.i!il:ently aisiaociated with kidney cancer than isiohnmtis; or 

(eiEipecially) afibeisitoit,, Y«it iioine .nuthoriE. are now convinced that current 

evidence firmly incriminate)! aiEibeiitoi;: aiEi a kidmiry carcinogen (Smith et 

al. , 1989), As with lung cancer „ our failure to replicate due latt:er 

findingii may r is fleet the Tery low level of asbeiitcus; «!rpois;ur<i! recorded by 

the e>:po!i;ure«aiiiiE;e!!ii[iienl: proceiiii , But with only 12 caseis; to misses;!; 4 

expoisiyxeisi (with 3 covariateiii) „ we would isitnongly caution against: 

ovetini::erpret:l.ni;j;, our finding!!, 

Thi! ffi;tr<enji;th and iiipecificicy of tiie isolvenl::!; -ret: iculosai: coma 

atiieociation nmut be WEii^iiLed against thie fact that: we observed only six 

caiieis! total., Thus , unlike the reisiins-lunji; cancer asjiociation, the 
IL ' 

iBtatiiiCical error In the reported estimate is very large. Furthermore, 

our data leave open the possibility that the association may reflect an 

effect of Pyranol . 
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Benzene is generally regarded ai; a leukemogen, but: failed to show
 

any association with l@ukenil.ais in our data. One highly plausible
 

explanation for this fa:Llur<E! is that: the induction- latency period for
 

benzene- induced leukemia is much shorter (under 20 years) than the time
 

from the last: heavy benzene exposure AC G. E. Pittsfield (about 1950) and
 

the first deaths among our subjects (1969), Under this hypothesis, most
 

or all bisnzene- related leukeniaii would have occurred before our catie­

occurrence period, leaving nothing :l:or us to detect,
 

'
 

fas with eiEiophajgeal imd kidney cancers , the col linearity of the 

exposure)! „ coupled with due mail number of caiiieisi, prohibit a.ny reliable 

diisi«intaxii;[;;lement of the aiiiiocial:ioni;i . Nevertheless , the overall test: of 

the thriiM! associations (b is nrene „ solvents a.nd ajsibestoii) yielded a small 

noiniirial F value (0,. 02). The b«i::i:ne association emerge!; BIS, the most: 

Jilgni:f:icant of the brain- tunnor exposures, and this result is essentially 

undunged If unspecified brmln tumors (1CD8 238) are deleted from the 

came ii;erleii . We caution, however, that our entiinate of this association 

Iii hijghly unisitable, becauitiK it pivots on the benzene exposure of a few 

cases . 

mailto:l@ukenil.ais
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G. CONNECTIONS TO PREVIOUS LITERATURE 

In thin section we comment further on those associations for which 

there is previous evidence in due literature. As a general caution, we 

reiterate that all the biases discussed above cannot be ruled out as an 

explanation!; of our findings. Some of the associations reported below 

were observed with a very large statistical error in our study and are 

mentioned here only because of previous evidence. 

Both animal studies (IMC, 1978, WK?.') and,, iinuch 1 is sis; clearly isio, 

previoyjii huinan cohort studieisi (Nlcholaon,, 1.987) injiggei;i: an a.!ii>oiciation 

of polychlorimated biphenylii with cancer of the livter/lbiliary tract. U« 

found a inodisrate but incoiuiistttint aisiiiiocliition of Fyra.nol above level 1 

with cimcer at this Kite,, A imuilbtyp<Ei analyslis; nhowed no aiEiiiociatlon with 

liver/intrahepatic bile duidt: cancer (!) cases of which 1 was exposed), 

The ILK social: Ion of Fyranol In entirely with gallbladder cancer (4 cafies, 

2 exposed) and hai; an eKtrienely large lEtatiiitical error. 

Our data mhowed a isiiiMi.1,1 to noderate aiiisociatlon of Pyranol wi.t:h 

lymphoiu.il with an extremely large statistical error, llhe review by 

Nicholiion (19117) presented some veak evidence for an association of 

leukeniaisi and lyniphomaiB with FOB exposure, 

It iiEi possible: that the aisiisiociatiorus; we observed could be due to 

trichlorobenzene (TCB)„ the other major component of Fyranol. There is 

however no previous infonution on the carcinogenicity of TCB. 

http:lymphoiu.il
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Benzene is & risk line tor for acut:<! leukemia, mainly of the 

nyelogenous type, and, with IKSR clear 'evidence, for malignant: lynphomas 

and myeloma (Rinsky et al,,,, 1987 „ Brand!:, 1987). Earlier, we. gave a 

possible explanation for our failure to detect a benzene -leukemia 

association in our study. The association of benzene and multiple 

myeloma had an ex I: re me ly large ;sil:i!,t:ljs;l:Lt:n.l error, tilnce we only obsicrved 

ilowr case i: , 

Consistency acrosi; piceviouii fi>tudiei» tsieengs Co !iugge;Eit: 

of I'd:! exposure widn l:ieioio-lyinphfflt:i.c malignancies: (BLEiir et 

al.. , I1!)]'!!; Hardell et al. , 19111; KaU: and Jowett, 1981; Axelson et: al., 

1964) . Ve de IMS t: l: i! d an aiiisociation of TCE and LeuketniaiEi in liome but: not 

n.11 t:h<! analyiii!!!, and tihijs; ajiiiioclatio>n had a luge is tat:!.;!; t: leal error. 

to asbeiitoiE; iii awwclated with cancer ol: the lung and 

with Beisiothelioma of the pleura and peritoneum . Ashes toi; may also be 

flLisiiEioeiated with larymgeal and dlgeiitive cancens (Bee, «!. ,g. , Rom, 1983), 

and with kidney cancer (Smith et al.. 1989), One study (Seidman et a l . , 

19f!2) found a iinull aiSiiEiOciation of aiEiltxiiJitois with brain tumor s H-iiion^ 

iniiulation urorterii , Earlier, we gaw n possible (explanation for failing 

to detiect an uiiiociation of atibefiitofi vith lung cancer in our study, We 
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did lEiKM! suggffiiitions of an asbeiiCos association vlth brain and kidney 

tumors , 

In our study, solvents constitute a very heterogeneous group of 

chemicals „ excluding only benzene and TCE . 

Previous {studies are difficult: to interprete because of mult: I pits: 

exposures to several cypeiEi of solvents . Exposure t:o solvent:,!; has been 

aiiiioclated with respiratory,, bladder, and kidney cancer,, although not 

consistently. Observed aiiiBOciatlorus: with hemolymphatic malignancies nay 

b« due, at liisaiit in part,, to beniiienie coBtamiBation (Rothman and Enuniett:, 

lii'BB) ,, although a role of non-benzem' liolvientii cannot be excluded 

(Brandt, 1987). 

'We obuerved a lEitronjE; aiiiiiociacion of solvents vlth rii!i::iculosia:rcoma, 

alcbiough wltb a large i:tal:iiii::ical «i:ror, and a is;ug{>,f!:!:tion of a solvent 

ai: ii oela tion with kidney cancer . 

to unreflnatd mineral oils has b^i-n associated with skin 

and |;;ii.iEtro intestinal cimcm; , AsiEiociation with othiEii: siteii (lung, 

pancreas, bladder, oral cavity, pharynx and liinonaiial cavity) were 

reported with little consistency in the literature (IARC, 1987, Binghan, 

-1988, Silverstein et al., 1988). In our study, machining fluids were 

aiiiisioc Lated only with kidney cancer. 
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In our study, machining; fluids were only associated with kidney
 

cancer, but colllnearity with other exposures prevented a separation of
 

this association.
 

In this heterogeneous group of cbemicu.li;, , exposure to the 

formaldehyde component of phenol ••formaldehyde resins is the main source 

of concern. Previous evidence on the carcinogenic icy of formaldehyde is 

eoi;rt:r<c)vi!:ns:l.a1. . Blair et al. (1986) found little evidence of excess 

cancer mortality associated with exposure ta formaldehyde; nevertheless , 

a re-- analysis of their data seiiiinjid to indicate a dose- related exces;!; of 

lung cancer (Sl:i!i:lln|:; and Ueirikaa, 1988) ,. 

Since we obi!:er%r«id a jsitro>n|i; and coiuiiisitent IM;!; Delation of duration 

o:l: exposure to reains with luntu; cancel: , the queiition arliKe,!; of a 

po.s; i; ible role of foriwi,ldehyde in deteniLinlnjg Chli; finiiLng. Because of 

the limited nature ml!' our orpoisiure data, we cannot ished any light on the 

fooiLaldehyde-lunjE; cancer controvniriiy, It iuy be noted thai: whereas some 

consistency in the literature «!U|[>;g;ei»t£; an. aiiiiociation of formaldehyde 

with sinonaiiial or naiiiophmxynjgffial cancer (Hayeii et al., 1966;-01sen et 

,ii.l., 1986; Blair et al., 1987, Roush et al. „ 1987), only one case of 

cancer of the muiopharynic was recorded in our study, 

A highly unstable association of resins with rectal cancer was 

observed In our study. There is some weak previous evidence suggesting 

an association of formaldehyde with colorectal cancers (Liebling et: al. , 

19 1)4; BertaiExi et al. , 1986). 

http:eoi;rt:r<c)vi!:ns:l.a1
http:cbemicu.li
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H. SUMMARY AND RECOMMENDATIONS FOR FURTHER RESEARCH
 

In a one •• i; ided hypothesis -screening analysis designed 1:0 detect 

positive association.:; between expoi;;urei; and cancer sites, we employed 11 

liberal statistical (screening criterion. Vie chose .11. liberal criterion 

in .11 partial. attempt to compensate for low litudy power (due to 

nondifferential aisclassificttion and small number i> o:i: canes ) „ 

Bi(!caujst<e of thie null blaises .imd lav power of our iit::udy, It Is; 

i:eaisionn.bly likely thin: an aiiiioclation rispresenClnii; a real (exposure 

isf:l:ecl: would 'be miiijied :l.m. our iicreenin|i;. Thui> 'ure do not regard the 

resulti; of our airuilyisi:!.;!; ais providing ujieful infomiition for 

further reistearch . 

Becawsiitt we chootie a liberal, criterion to licreien multiple 

i,, it lii probable tltui.t mosl: (and poiiiiibly all) of tt:he 

positive aiiiiociatifliiui reported here do n.o.:|;. ri-presenl: any real (fixpoisiure 

effects. Hence further is:cr«>ening of our poiiitlve result:!; its; needed In 

order to det«!niiilne whether any of these reis;ults repreisient real effects. 

We next |i;ive our reooiinnendiiLtiowi for jiuch 

BecauiRe of "the clear aisitBOciation of resltu; vith lung cancer,, and 

the concentration of thliii aisustoclatlon In specific operation!!, we 

•trongly recommend that the following further research be conducted: 

1.	 In order to determine whether the reiiins association!!! are 

attributable to uncoded esbeiKtofi eicpoisure , 
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a) A more complete rating of asbestos exposure for pertinent:
 

job-building pairs recorded in our data should be
 

undertaken.,
 

b) The. new asbestos: information should be used to recompute
 

asbestois; exposure scores for our study subject:!;,
 

c) A reanalysis of th«! joint: ii.s;beisitof; ••resin association with
 

esophageal, rectal, ,and (especially) lung; cancer should be
 

conducted, in order to determine whether the msim;
 

in our	 iiiCudy an actributab le to unmeaiiured
 

d)	 The. new aiibeisitois; licore ithould aliio be lexapined for its 

aiiiiociation with otihisr liiteis, eiipccially ki-dinay cancel:. 

An analyiiii; of canceris by job lilte should be conduc did. As 

(denorus; crated in v.hi> analyiiiis; of the resins-lung canciiii: mis; social: ion 

within operations , ituich a.n ainalysii; may identify concentrations of 

riiik in cercain Job niteisi,, and 1:0 liu&gest or eliminate 

expliinatiom.!; of our i;i::i:idy findings., 

B«taca.une of l±« hijghly inconclusivi!! naturiK of our other result:!; , 
«> 

we would like to iisee futune iBtudiniii of occupational huziirds include, 

'irhiere practical, «ui.lyis;eisi of that follow aiisociations: 

1 , Tricho lore thy l.ene (ICE) and leiikeiiiLiu: „ 

2.	 Ben:E«tn«! and cancerm of the leiiophajgus , bladder, kidney, and brain. 

3..	 Other nol vents .and caBceins of the kidney and the lymphatic system. 

In the Latter cue, we racomiigifiBd ffipecLal attention to isiubt:ype (in 

p articular , to re ticulo,s arcoiuis ) . 
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4. Resin component!! and canceri; of the esophagus, large intestine, 

and lung.. 

5 . Machine fluid!! and kidney canceri;, 

Benzene and IMS;beston ef:l:«!Cti; may not be of current Interest, since both 

theni! expoiiureiB lire now |;;en«rally reco|!;n:l.z«sd ais hazardous and have been 

subjisct to increiiiilngly !itr:l.cl: controls;. On the other hand, we would be 

especially inlM!rested In Learning of studies that provide Infonciiati-on 

relevant: to the reis; l.n« lunj;, „ machine fluid ••kidney, and tiolventJi­

reticulo«iari(MHna aiiiioc:l.a't:l.onnii observed In otur litudy, eiipecially II: 

ispeciflc coopoirxentii; of these exposureB can. be examined. 

http:itr:l.cl
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TABLE ni-i AVAILABILITY OF WORK HISTORIES nr TEAR OF DEATH
 

YEAS 
OF 

MATH 

WORK; |ij[if ] ;)(!'! 
UK) VI:!!

irCITAI. 
 liQIJCHir 

<!,'!» 117 
!'[)„« 

1,9
».;;;! 

l« 
1100.00 

70 'IKl 
«,.M 

57 
MM 

1117 
1,00.00 

71 11 'US 
'IX,,l!-i 

59
i!!i.l(>

 1!S!i 
 100.00 

72 ns 
tt,,!)T 

1IK
!i!i,.ffi!

 1W 
 100JXI 

73 60 
U.,«'l 

1ID6 
(0,19 

'I6S 
100 .00 

W 97 
!!1.05 

« 
4B..K 

11 90 
'I Ml .,1)0 

75 (>', 
:K.W> 

1liU
i!5.,W

 1IK 
 'IIM.,00 

76 K 
'Ill.ilO 

1«3
111 .71

 175 
 'l(»,l)0 

77 B 
'Iff. OH 

1140 
KI..V2 

173 
1100.00 

71) U 
:i!fli.11l 

1IO
;IV.,H<! 

179 
1100.01} 

79 

IEM 

57 
2'l.m 

l!i 
17.*1 

133
re.,i!«

IM
K.W

 170 
 mjo.tio 
 mi 

 1100.00 

IEI1 :sn 
16. 15 

IKi'l 
IKII.B!! 

192 
1100.00 

Ei! 

a 

*;i
!!().» 

i1!' 
ill). 10 

157
TO., 70

f!i!i
BMW

 197 
 1100.00 

 1M 
 TOO. 00 

I!U> 151 
i!(i,l!. 

fM
B.IIS

 IK 
 1100.00 

Tout 1 1003 1911 29U 
34.42 MS.5I! 100.00 
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Table III-2
 
Number of subjects by outcome
 
and job-history availability
 

Job Historv
 

OtftceoB Include* Total no. ft 
Orolx* 21 21 10 32 
Eisiophaguusi 13 13 6 32 
Stomach 19 19 I! 30 
Colon 60 60 22 27 
Rectum 32 32 4 11 
Livbil" 9 10 2 17 
Faincreais 33 34 11 24 
Lung 139 142 66 32 
Prostate 58 60 26 30 
Bladder 20 22 12 35 
Kidney 12 12 4 25 
LyDphomai;;0 15 16 5 24 
Leukeoias 22 23 17 43 
Braiirip" 16 16 9 3fi 
Other 53 53 24 31 
cancer i» 

Control 1202 1270 719 36 

Excluded ,.,.. 107 71 40
 
CaUEilMi: 

n
 

'Abbreviations:	 Orolx ••• oral, laryngeal,, pharyngeal 
Livbil --liver, gallbladder, and biliary trad: 
Lymphoiu.1; «••lyaphosarcomas, reticuloiiarcoma,!; 
Brainp «» iiu9il:l.|ginji.nt and unspi'c:!.:!: 1'fsd brain tumors 

http:iiu9il:l.|ginji.nt
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Table III-3
 
Summary of continuous covariate distributions
 

(In years)
 

Mis an Kin Max Std.


Year of birch 1909 1884 1955
 

Age al: death 68 24 90
 

Year of death 1978 1969 1984*
 

Year of hire 1937 1909' 1980 '
 

Year is copped work 1961 1946 198C"
 

Duration of employment 27.4 0.8 48.4
 
(leaves excluded)
 

Time on retirement 8. .2 0 31.9
 

Year of birth 1907 1880 1956
 

Age at: death 70 21 90
 

Year of death 1978 1969 1984"
 

Year of hire 1935 1903 1981
 

Year stopped work 1968 1946 1984"
 

Duration of employment 28.4 0.2 49. 3
 
( lea vi: is exc luded)
 

Time ion retirement: 9.5 0 28. 2
 

"End of study period.
 

 Deviation
 

' 12
 

12
 

4
 

.. 14
 

8
 

9 .. 8
 

7. 5
 

12
 

12
 

4
 

15
 

B
 

10,4
 

7. 9
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TABUS III-4
 
Summary of dlehotonioius -covariate dli;tributions
 

Percent positive
 

Gai!i<E!ii Control!;; 

Foreign born 18% 1!>(); 

Vn! is ted !i yiEMi.rjsi 

be I: ore deiath? 93 92 

ye,nrij 

before death? 44 37 



111-43
 

TABLE IM-5 il(]M-U!INl:!X)KIZE:[> ISIOOKIESi AICIMG CONTROLS (N«1202> 

Percent 11 IM; 

•core Mi'iin iiitd Oev Minimum 90th 95th 97th 98;t:h iHaxin 

lit ll!Wl, 1 
lit (,(!«! ?. 
lit l.l!Wl, 3 
at lew), »0 
nt titwel. >| 

Pyrenol L.S. 

3.7 
0.7 
0 .3 
4..6 
1..I) 
5.9 

7.0 
2.9 
2.ICI 
0.1 
II.ISi 

Hi.;;: 

0 
0 
0 
0 
0 
0 

V,.?. 
0.4 
0.0 

18.0 
1.6 

21.5 

20.8
3.5 
0.2 

24.7 
7.5 

30.2 

24.7 
8.7
;i:.,(S

27,3 
1(1 .6'
:!.(,., <s 

i!6.f! 
110.8 
!i,4 

KO.V 
U,2 
S9-.2 

36. 5 
27.3
;!ij.v
U.5 
29.0 
86.7 

ICE: L.S.' 

TO: y I'll r 11 
at iiswl 1 
lit liswl i! 
nt liiwl, >0 

;ii,.o 
0..1 
2.1 

5.1 
0.9
is.;: 

0 
0 
0 
0 

7.2 
0.0 
7.9 
8.3 

ri.6 
0.0 

14.2 
14.6 

a 

18.1 
0. 3 

18.1 
11KJI 

20.7 
1.2 

20.7 
22.0 

K.tt 
•US.1!)
34, « 
37.8 

IIIE-iraill: yniini 
at l,«wl, 1 
lit I.('VI! I, i! i,t i«wi, »j 

s.3
2 .6
S.9
7.4

 IDI 
0 
0 

 ID 

9.7 
1.1 
1CI..!i 
1 !!..2 

13.8
3.6 

l!5.(> 
18.9 

16., 1! 
7.1

;zi.,i 
Z!.,« 

!!(].& 
10. tl 
23. 5 
iUl.1 

31.0 
30.IS 
31.0 
61.6 

Other VMMIHE 
nit 
ml: 
ill: >(l 

Oth. iiolvi'ou )..$.," S..O 

11, .9
!i,.ii.

17.4

 111.4
 9.11
 12.9

19.1

 HI 
 ID 

 Cl 
Cl 

29.0 
19.7 
34.9 
4B..7 

33.3 
Z7.B 
39.4 
59.7 

U.,2
:sci.,6 
4i!!.,'l 
IS5..6 

M).6 
H.iSI 
63.1 
TO.2 

«.!! 
U.2 
48. 2 
W.6 

i!,.,;! 0 110,. 9 ML'I ;i!1,.!S !!!).!> 

KI-IBIIIS 
itnpcwied 4.6 0 '.,(!' 111..'I 16,.lS> 20.0 

HAOMIUIIKi FILlllll):: 
ynil inn ««po«(Kl V,,7 0 2i!.:i ZEL6 3111 .'i1 34.3 46 ,.7 

IL.ii,. •> llini'iir iiccurv: u«i C«"yi'iirn lit l.dvid, 1), 1 '» 11,,;!,:!! 
IL.ii, •> l.'liru»nr Secure: ram <;1I")WH nt Uivisl,'1!), I <> 1,,;!! 
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TABLE MI: "6 
tamnry O1F iitrntlfiliKl 

EXPOSURE: Pyrwwl tin.: int: llevffil »1 (pytiagtD 

iriEsii FOR iiti-n 
LOGISTIC IIIEClRI-SliillM 

II1TH IIUJIAIIIV (EXPOSURE!!'9 (OUTPOINT AT (1) 
ADJUSTED (FIX Ml Aid YEAR OF DEATH 

(IHAMTEI. EXTEIUSIOI 
IJMCATt-GORpUl 

EXPOSURE1* 
ADJIUSTE'D 

FOR
ADJUSTED 

 OTHER I'XraiUlllEii 
NOT ADJIKTE'D 

IFCIR onu=i! Eitrasw Eli 
FOR

T1EAK
 Mil: AND 
 OF DIE-ATII 

Controls

HI1 

 209 

IB2 OOHEIS m% I.IN!IT!!;:i
RAT III) 

I'4 ODDis;
RATIO 

 icrac uiwiriij IP* 
S1IOM 

Orolx6 4 0 D.ius i;o.», i!,.rn;i CUD 1.1 :;: ft),.:!/,, :s.,:wi) O.IK 0.69 (-) 

lEî teow 2 1 O.IUil IC0.1I4, 31. 19) 0,.tt o.wi <:(>,;»„ .!,/i2> 0.1)9 i).w> <:«) 
Stonmdi 3 11 i,,;!7 i[o.,:i!i( «.:;!» ii.n o.w co.iu,, :!i..i»]i 0 .85 0.75 (*> 

Colon 7 0 i[i,,« KCI.,;!̂ , i.iss:) o.zi> O.£t CQ.ZB,, 1l.,4i;i 0.26 O.i'B (•}! 

meeting !i 0 0.9B (0.36. 2.65) 0.97 0.1)8 CO.M, 2.31) 0.79 0.32 (-) 

IF' nncr mii 6 i! 1l,IOi;i! < [)„«!„ 2.,!ilt> O.V7 LOS c«.^:i, i>,$9:i 0..91 0.90 (*) 

Hvbll6 3 i! i!.4(i («,.»„ 11.2} O.i!'. 2.40 (0.59, 9.71) 0,Z2 0.10 (*) 

LuriEl 24 2 0.89 (O.B. 1.43) 0,63 iD.99 i:D.(i;!, r.:i«:) 0.% 0.32! (•> 

Prostate III 2 o.Di <;u.:!!7, i.n> ICI..M ID..M ICO.,37, 1.71) O.S6 ci.fl6 («•;» 
II I., tor 2 0 O.!i;! CO.HJ!:, i!,.M:i Cl,,40 !l,.!i"5 {ICI.,12, 2.i!9) 0.1I9 0.35 (-) 

Kidney 11 ID 0,35 (O.M. Z.82) 0.32 0.43 (0.06, 3.35) GLtii! o.46 <;••:> 
!.,,,,:<• :„:„, 6 1 :!;„(» d. .01, v.cii!) OJK :;.;!* 1:1.1̂ ,, i;|.,:s2} 0.03 0.41 (*) 

IL injk whin; 2 0 o,.w <(0..'ii[i(l 2.M) i).:iii 0.4B (0.11!,, :<!„(») 0.32 0.31 <:••) 

•rtfnp6 :! 11 0,E!! ([1..B,, :L,()3) O.'I'B 1.09 co.:!H, :s,.u:i (IJJ9 O.K! (•>) 

l:o«ii:ru>'i;«« mn rxiict 
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Footnol:«!i for Table III-6
 

1 Kl - number of subjects with exposure X) (For total number of
 

subject:;!; set; Table 111-2)
 
2 N2 »• number of subjects with exposure > 97th percentile of controls 3
 

Exposure scores: Time exposed to Pyranol above level 1, TCE above
 

level 0, benzene .ill: level 2, other solvents at level 2,
 

aiibeiitois; above level 0. resins above level 0, machining fluids
 

above level 0
 
4 2-sided
 

* Not	 adjusted for other expciisiureii;
 
6	 Abbreviations; Orolx •» oral cavity, larynx, and pharynx; Livbil •••
 

liver, gallbladder, and biliary tract; Brainp «•• brain and
 

unspecified brain tumors
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TABLE ll:ll"7 
fciiiimiry m1F stratified 

liXK)!iWf-i: TC1E time at: level »t» (tcttagtO) 

IFOR 
LOGISTIC U-lilllEjjSKIM 

WITH iiiuiMnr EXPOSURES'* (OUTPOINT AT ci> 
ttOijWTB) KHt Mil: MK) YEAR (DP EXPOSURE 

ADJlKiTIEXI 
NOT ADJLISTH) HW Alii- MR) ovua ran wiiiEiit o:raii.ffiu-!E TI-AJt OK 

Il2a CICK)!! TRGHOi 
RATIO IUITKI 

Controls ACT 

Oirolx" 0 '\M (0.52. 3.94) 0.49 r.;!A ico.,S'i, !i.o»:i o,i!>i o.vi 
lEtiophiifiun; CI I.D'1 (0.27, 4.0!!) !).% «.« ((i,,». :i.ii7:> O.M CI..K 

I ICI.,71 l[ICI.,B. 2.lift} O.!'!i OI.70 CIU5,, !.()!)) 0.49 tUiJ! 
'" 

Colon 18 II o,.« (io,.<i;;i>,, i.,iWi) 0.98 CI..IC) CO.W,, 1,,46> CI..S1 O..SK. 

Rectiai 9 1 O.W C().»ir 11.66) Cl.,«1 '"' 
I r.(W i[IEI.,U, !!,»> 0,16 O.II7 l»i 

LlvbU6 0 ffljw, i[iD.,oe. <!:.9>ii:) o.:!ir o.s<> (O.'ii, ;!.«> ().« ci.,;!2: 
iLuimgi I.O'I CO.W,, 1.47) 0.97 II, W 

Prostate 17 1 O.ltlH CO.ii!,, 11,.Mil CI..S4 CI..U Cfli.46,, 1>.,a> Cl.,90 O.U (,°'?\ 

6 1 O..ISS ICO..K, i!,B;i ().T<(> O.H1! 

4 0 O.W (Cl.,30, I!.]!!!) O.W Cl.,83 

0 (I.sr (((..lit;,, ;i:.,()2) o.« 0.76 (!),;«,, 2.«1 O.M (L'l!!> '("11,'j 

L.«iA«inf nit 'I.W CO.411 „ 3t,.W]l 0.1)7 1,,'iu i:o.4(>,, ;!!.,M]I O..K ojce <:« 
Ilirnirp 1.11!! i;i:i.,!W, !!J!l!i:» C).,IU 0.93 (0.32. 2.69) 0.89 0.48 t" 

lF(K)'tnc)itiNi uri! th« Mini! nui; IIn tnblit IIMMfr 
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1fAIII.G IMIM) 
ftunnuiry i»<( •tratfffcd 

EXPOSURE: Ixsnriiii.! time in level 2! (benztlM2) 

WITH 
UN: i :;ir, nc: 

IIIIMKT EXPOSURES* (CUTPOINT AT 0) 
IFIOR Mil: Mil) YEAR Of Ill-ATM 

TEST FIX TREND 
(MANTEL !•)< n;ii:s i oin 

UNCATEGOR I j!EI» 
EXPOSURE-1 

FOR 01111:11 PKKitJIKB 
wr

rait onii-ii 
KM Mil: ANO 

TEAK OF DttTK 

II23 OS ICIODI I;«$:K P" TREND 
RATIO lUlTIO ISIlliM 

Coo I: roll! 178 M 

OrolV 11 0.65 CO. Ill,, 1..IB CO.51),, l.iil!) o.w <:••;) 

2 (),,B (0.15, i.a ([)„», !i,7?) 0,80 CUB (•••) 

lEcoinnch 11 0.48 (0.06. :!!..»> 0,51) 0.27 O.K! C«) 

Colon 0 0,.l!.!l (0.29, 0.47 

2 1,24 (0.37, i,,;a:i O.B 0,,l!5 i[0,29,, ;i!.47) 0.77 0.7Z (*) 

0 0.710 (0.19. I!.!I7) 0,!S!» O.lil! (O.liS, 1.W) fl.U 

Uvbil6 I) 4.79 (0.60. !ll!.i[l) IB., 14 J!,.Ti!l {[0.68, 11,,;!!) 0.1 !!l 

l.ui'ill « (I 0.4? (!>„», 0,89) 0.02 ixiiii co,.:nr i.ci?:i {I..IK (-) 

9 1 1.05 (0.46. 1.0,1! i[0.49. ;!,/i;sj 0.% 

llliriitar 3 2 O.ffi! C(),.Zi!, !$.20> i).n 
4 :!!.,« {[0,85, 119.6) QJ3IEI 0.01 o.oo c-'j 
11 0.3I9 CO. I!!,, :s.,ooj D.KI C0.2Z., «l.!i!!l 11.00 0.26 (*) 

l.«ulk:miifit» 1 (U'i!i i[CIJ!9, i!.ft!i;i ().« 0,87 CI..M (•••;! 
•ra<np° 2 1.45 CO.4'!,, :!i..'l;i!) O.M (U!1 13.00 C«) 

IIMl ltlhl« II4IMII! 111! lilt Cllbl« Ill;-lS> 
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TABLE 111-9 
liijinnnnr of stratified analyse* 

EXPOSURE: Other solvents time art level 2 (solvtt»e2) 

TEST KM! TREND 
LOGISTIC REGRESSION (MANTEL EXTENSION) 

WITH niwirr i-npoiUE-s (CUTPOINT AT ID 
ran AK AND YEAR OF DEATH EXPOSUREJ 

MOT u,jiLrna» IFCIK ACE: AMI) 
FIX olio: lEwmjwtEr FIX OTKIt DCP0SaL)«IE!i OF I1EMK 

Hi!2 ODD!!; »!(, lUllUTIi) I!'1' (95X LIMITS) „ P* 
RATIO lUtTIO JSItliH 

Control ii 

Orolx6 115 0 6.ST i[ 1.,7V, 24.1) 0.00 ;;..:» <I.,M, 'iii.::;> 0,01 0.41 («•) 

10 2 :!U!S <0.90, 16.5) 11.07 :i,(Mi ICO..K, ii.it:) o.icu) 0.17 (*) 

liMiiiicfi 0 11,,IK (0.38, 2..IBJ 0.94 o,.ii!> i[(i..:n, i.W) o.!s>9 0.97 (+) 

Colon LOT (Cl.tiS, 1.II5) «.n CI..W (<0 

12 I) 0.43 (0.18. 1.01) 0.05 0,51 <(),.2%,, 1.06) 0.07 

I OJEI1I CO.ir,, II,.1I?]I «..liO 0,611 ((),.:»„ l.iW) 0.117 0.11 (-) 

Llvbll6 t II.B i;o.i[Ki. i!,.a;i IEI..U o.w CO..U,, iK.fiO) ®.w 
Ijuruj 111) ;i 1.7S c 1.1KI,, ;!.«;» o,.oi I.!!? (I.OEI,, ;i!.,2T]i 0.02 

Proa tn'tii! o ii.w co.w, -i.iWi) o,n O.W (Oi.io,, !,..«) ci.S'l 0,00 (..) 

112: i! l.O i[ICI.,51, :!.!I7) 0.4(1 i.i'i 1:0.40. :>,,«> ci.,tt O.!i!i ([•••]i 

lit II ().,)» KlD.IIEl,, ;!i,IIIJ) ().!7 KIM <[0.«9. !i,.!S>(l) 0,,« 

Lyiqph	 id I) II,.(Ml (0,,«,, $.,:!!?)> O.U 1.97 (0.65. 5.95) 0.23 0.1U) i[«:> 
lit 0 1I..M !().»„ i,,IJO} 0.!I7 0.31 (•) 

Iliniiiip	 Ii! itCIJMi, II.] 0.10 (1.01 (» 

iiMI	 nit lin I II >6 
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/$? 

TABI.IE: nii-io 
of stratified «oiil.y«i; 

DCPOWKIE: ttfini! MlHtlT liny exposure to iinteiitofi 

TEST IFOR TREND
 
LIXIIliTIC REGRESSION (MANTEL EXTENSION)

WITH iniuitr EXPOSURES* (OUTPOINT AT ii;i UNCATEGORIZEO

rat M£ AMI) VIEW Of DEATH EXPOSUREJ 

MMIAIfcDi 
HOT ABJLIiiTB) I((X AQE AND 

FOR OTHER EXPOSU PtIIS FOR 0IHI-K lEKI>C«i;ill(l: s; TEAK OF DEATH! 

lit1 MIS <95* lUlKMIi) ,»* OOOii (»!( ILIHITK) p* P* TREND 
MTIO ' HA lit) SI1GN 

OnmcroU 317V 16 

Orolx6 6 0 0.69 (0.25. 1.89) 0.47 OJB <[Cl.3i;!, :2,.1S>;i 0.70 0.47 (•) 

lillOfllUliJIll'i 6 1 1.58 (0. 48, 5.18) 0.4-5 11 ..1ST <[0.62,, «i.,M.) ID. 26 0.2<S> (•'•) 

liitiniuid! 0 0 0.00 (0.00. OJKI!) IEUXI 0,,l» CO. 00,, CU») D.IK) O.tlJ! (•) 

Colon 17 ;!! 1.03 CO.Sli, 1I,,W) IEI.W (UK (O.SIO,, 1. ,!»«;) D.68 o.«:t (-> 
Itectm 12 1 1.49 CD.i!,/',, :!i,.D) 0.3(3 1.27 <:o,6i, ;L.M) 0.52 0.95 (-) 

IF'llllcnsllii 9 1 ().« (l),(1,, ;!!.,»]> 0.90 O.HO CO,!!?,, 1.75) o,u 0.72 (*) 

Livbtt6 3! 0 •L.W (O.Zi!,, !S.!il) 0.92 1.115 (!!),;», 4.i(i5) OJElSi 0,40 <:••) 
ILAllljJ 40 4 1IJDCI WM, 1.K) I). Ill) 1.110 C(),7'i!i, 1 .Mi) 0.62 0.44 (*) 

I'Twtnlte 17 1 IIJHi «!„«,, 2. ill!) O.W 1.02 COJS7, l.ffil:! 0.95 0.42! <:•>)
 

II 1 niter 6 1) Lid '(o,.:i«f :s.iiii) C.ilKi D.W <!O!!>, i!.47;i (U!# 0,7% (••)
 

Kidney 7 1 JU1 (0.68, S.M) 0.17 2.99 «.94. 9.56) 0..06 0.01 (*)
 

DinplKHUin 7 1 11 .,!)'!' i(i[l.,!!2( <UI'I) 0.42 i.u (o..tt, s.S) [I.,B 0.57 (*)
 

Lmkimiinii 6 1) 0,,1!2 <(CI.,U, I!.!.!!) 0,11? O.ffi! i(iCI..3l2, 2,151) 0.70 (UiS (••)
 

• rainp* 7 1 l.,«T KIEI.,50, -i.») Q.4E) •I.&1I <ciEi.,59, '.,.:ir;i (I .,]!!! 0.06 (*J 

l:ixn:noi:i!is nr« the Mine IM (In tnble lll-iii
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TABLE 11 111 -111 
Ituinnnry of stratified nrmlyinin 

i'KI'OSiUltlE: 'tliii! with any eiipiuiurn to iniMillm (rnntiwl) 

TEST FOB TREND 
LOGISTIC REISRE-ijSION 

Win IIIIWlKK 
ADJUEte) 

(•xrosuitiE-s'' (cunpoiiiiT AT ID 
IFOII Mil: Mil) TI-M OIF IEII:A,T« 

(MANTEL EXTENSION) 
UIICAilE-GOPtlJIlE:!) 

EXPOSURE "' 

IFIX
Ml,NJKSrri:D 

 oriii-ii: I-KMSJ WHS
MOT M),lllSiiri:l> 

 FOR OTICII OKKEWI:!! 
m KO. AMD 

YOU! OF DEATH 

Controli!

Ml1 

 257 116 

CKm ![«»; LIIIIITIi) 
RATIO 

IP* ICIEIOiE 
iitAirici 

C9» LIMT8) P« t>* iritlEIHO 
ill (ill 

Orolx* 6 1 1.05 «!()..»„ ;i!.,IU!l]i 0.93 1.*2 <[ICI.,5!S, Il.ni) 0,4i7 0.66 i[+) 

i:«qph«WE 4 1 1.02 (0,27,, :!i.,7iii) CLOT 11, tf (Cl.,!!l, li.MD O.«l 0.04 <!•«:) 

liwunc-, 2 0 O.i(i!i (;i).H>,, !I!,.W) 0.57 ll.M (0. 10, I.W1) 0.27 O.W CO 

Colon 111 2 o.7» CIJ.M,, ii,.!sr:i 0,.« IUl!i <;0,45ir 1.li!i) 0.62 0.72 ( [ • •> 

Iliircituin 7 s 1.16 (CUT. 2.87) 0.75 1.02 (0.43,, ;!!.,») 0.97 0.03 <*> 

PiincniM !! 11 ici.u ico.,111, n.iito) 0.12 o.,:u <:<). 111, r.,i!0) 0.110 0.32 (0 

Llvtolt* 0 0 i[),00 IEIEMM, IJ.IKJ) 0.00 0.00 IIO.CK),, 0,.I»J Cl.,00 0.27 (O 

Lung 45 114 11,4.7 <0,.1!7lt iK.,2'1) 0.07 1.72 tl. 17, !!,.!!;<!> CI..IM 0.00 i[«]i 

Proctate 7 0 O.M (O.a,, 1.,24> 0.'I4 (I,.!!!! CO.,24. LIKi!) 0,.'M 0.07 (O 

Illiiriifer 2 ID O.S8 (0.08. 11.71) CUM 0,4,1 {i[l,.0'f. 1.71);) o.a 0.60 (0 

Kidney !l ID 1.0!) C0.i!<i, I,.I'!M 0.9* •I.M (II..M, 4.40) 0.79 0.76 (*) 

ILy«,te» 4 0 01 CO.,!!)}, ll.iD O.M l| 'IN' C0,.«, 4.26) 0.62 Cl.,43 <;••} 

inutaiu :t 0 0,,!Wi i[iCI.,'liip, i!.0;>) O.U O.'SU (0,17,, ;!!,,02> 0.60 0.37 (0 

Illnil np(! 4, 1) 0,115 (Cl.iiS,, IE, Ilil) 0.79 1.,'llt <:o.u. :n,.ri:i cur? 0.78 (0 

l:<Kii:rioi:i!fi nnn u (in ttniiblLa: 111 I-6 
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will in"1:2 
of illrn'tf 1'ii<i«:l 

EXPOSURE: time u'ltlh mny <i:i|><»iuri! to much In1n<! f'lukti; (irfliitU 

LOGISTIC REGRESSION 
WITH iiiiiAiiT i-xKisixE-ii (OUTPOINT AT 0:1 

FOR Ml: AND YEAR OF DEATH 

TEST FOR TRIE HO
(MANTEL EXTENSION)
UHCATEGORI;ED 

IFOIt 
UJUiil 
OTHER 

FED
lEXMttlRB

 INIOT ADJUSTED 
 FOR Ol'IIEIt i:)(K»!iUKIE!i 

M.IUMU;
FIX AQE AMD 

TE-AK OF OE;ATH 

Coril:roli; 

Orolx6 

i-IICphlllilllii 

1111 

707 

12 

7 

ri
i 

RATIO 

0.65 

0.71 

(9SX LIMITS)

(0.24. 

(0.19, 

1.1)1)

2.M)

 i*'1 

 0.41 

 0.611 

IXUOS 
Mini0 

o.ms 
o.% 

CWil I.IIMHTS) P1 

CO 

<:o 
.41,, 2.116) 

..:si,, 2.W) 
0.96 

O.W, 

P* 

O.liA 

o.u 

lltl-IID 
SIGH 

(*) 

(*) 

lirauidhi 112 0 1.75 (0.62, 4.W) 0.» 1.22 (0 .4!!,, :i.1!4) ().&!> 0.15!! («> 

Colon 31 1 0.6!) (0.38, i.ftS) o.a 0.74 (0 .«„ i.;%) o.;« 0.45 ( -> 

iRiECtum 11 IS 1 1.17 (O.S2, SiJili) D.71I 0.1)2: (0 M,, I.U) o.e O.U (-> 

PiEdricreEiii 17 1 0.54 (0.23. 1, .27) 0.116 ICI. 75 CO .37, 1.49) 0.41 O.M ( -> 

Livbll6 5 (I 1. i!0 (0.27. !!i.,:i'l)i D.fl'l CUM (I) .:;:!;„ :i.;w) O.M 0.07 ( -> 

LuErig 75 4 0.78 (0.52. 1..19) O.i!6 CUM CO .60. 1.23) 0.42 O.«!0 (-) 

Pramtmti! B 1 o.96 (O.S2. 1.7T) 0.90 i[l.,90 III) .§!(„ !.,!«> o.ro 0.42 (0 

llliKiiter rs 11 1.27 (0.45, :»,.«) 0.65 1.27 (0 .50. S.21) 0.61 G.M (-) 

KfclniEY 9 i! 1..IUS (O.S9. 7,.;5) ID.,49 Z.1CI (0 .!>6, !'„») 0.27 0.00 (*) 

1,,-.̂  :.»».. 9 I) 1.33 <0.41. «,.») (US4 1.19 (0 .<>'!,, :!ijil) 0.75 0.39 (*) 

ILffiUldEHliflilt U 1 1.08 (0.40, ;!.w:i O..M 11, 24 CO .51, 2.99) 0,63 0.73 {*) 

Itr-nlrif)" ft 2 (1 .51 (0.16. 1.MI 0.16 0.73. KCI .27, 1.98) CI.M (I..61 (*) 

Foo'tirioten lire mi In i:ubli! II!!-iE> 
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Table HI-13 Summary of continuous logistic regression results
 

Site Exposure Level*1 OR2 95* CL2 P (2 ..«.« 
Orolx2 Solvents 2 2 .8 (1.8)* 0. 6f! „ 11 .0 .15 (b.4ij* 
Esophagus9 Benzene 2 1.9 0. IE! 2 , 4. 5 0 . 13 

Solvents ;a:i 2 .3 (3 .9) 0. 21 , 25 0 . 50 
Resins 2 . 9 0. IE! 5 , 9. 5 0 ., 09 

Colon6 Solvents 2 1.,6 0. 72 , 3. 6 0 . 24 
Rectum8 Reiiins 2 .4 1. 1, 5'. 3 0 .03 (0.14) 
Pancreas TCE ;2:i 1.4 0. 51 , 3. Si 0 , 52 

Pyranol 2:1 2 .4 0. fifii , 6. E! 0 . 10 
Llvbil2 Pyranol 2:2 2 .2 0. 76 , 6. 5 0 .15 (0 .05) 
Lung7 Asbestos: 1.1 0. 151 , 2. 1 0 .71 

Ra*in* 2 .2 1. 4, 3. .6 0 .001 
Bladder Benzeae L 2 .3 0. 79 , 7. 0 0 . 13 
Kidney Benzene 2 1.9 0. 92 , 4. 0 0 .08 (0 .03) 

Solvents 2 11 .5 (2.1) 0. 37 . 351 0 . 16 

A*be*to* 1.5 0. 37 ,, 6. 5 0 .55 
Efteh f la 3 .2 0. 57 „ 18 0 . 19 

Lynphouas Pyranol 2:2 1..5 0. 55 , 4. 3 0 .42 
Solvents; 2 4 .5 (3.5) 0. 99 . 21 0 „ 05 

Leukenilaisi TCE 2* 2 .7 0. 97 , 7. 7 0 .06 (0.12) 
Benzene 2 1.4 0. (>4 , 3. 2 0 .38 (0 .93  ) 

Brainp2 Benzene 2 2 .1 1. CIO , 4. 4 0 .05 ( 0 . 3 7  ) 

SolventiEi 2 2 .1 0. 36 , 1.2 0 .41 

AjEibestoii; 1.5 0. •19 . 5. 7 0 . 56 

Footnotes on next 
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Footnotes for Table III-13:
 
1Code under "Level" ii> a® follows: 2 ••• only time at level 2 was counted;
 

>1 «• tine at levels 1 and above counted equally; >2 •» only time at
 

level.!; 2 and 3 count, and count equally (Pyranol only); L - linear
 

combination of levels (tine at level 2 counts double that: of level 1,
 

etc.)
 

Abbreviations: OR ••« odd;:; ratio; CL <•• confidence limits; Much fl «• 

machine fluids;;; Orolx •••• oral cavity, larynx, and pharynx.; Livbil ••• 

liver,, gallbladder, and biliary tract; Brainp <••> brain including 

unspecified brain tunions (ICD8 238), 

•''Odds ratios a.re estimated rliiks for the 97i:h perecent:lie of control 

exposure relativ<E> to no exposure. Odds ratios in parentibeseis are 

(estimate!! after hire year Is duslisted from the nodel. Deletion of hire 

yiear did not alter imy othex1 (EsiiiCliiiate by more than KXli. 
('P values in parenchuseis; are F viilues after W:l.i:uiorl::;atloir) of exposure!;. 

W:l.i[]j;oi:lJ!:at:i.on did not alter other F valuei; by more than a factor of 2. 

!>0ddii ratioii under a lilnglis is:it«! are fron 11 single model containing age 

at death, death year,, hire year, and the expoiturejs; lit;ted under that: 

lilte. 

(STCE selected in stratified aiulysiii but not entered in final model (or 

table) because it had a negative coefficient: when the other selected 

exposure wais entered. 
:'SolventiJ level 2 selected in dichotomoijusi-ejEpoiiure amilyiieiB but: not 

entered in final model (or table) because it had a negative coefficient 

when asbeiitos and reisins were entered., 

http:W:l.i[]j;oi:lJ!:at:i.on
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TABLE III-14
 

Summary of logistic regressions
 

with epoch-specific
 

Site Exposure Lev.iii.ii; Epoch2 OR3 95% CL P (two-sided)
 

Rectum Re is: Ins; 1 1.8 0.16 , 19, 0. 64 

2 :;: .5 0.92 , 7.0 0.07 

Lung Resins 1 i.3 0.34 , 5.0 0. 70 

2 2.5 1.5, 4.3 <0 .001 

Kidney Maeh fl* i 0.18 0.,04 , 8.6 0. 38 

2 37 3.1, 426 0., 004 

Ll!:Uk«!1DDliaii! 'ICE ;>i i 1.5 0.14 , 16 0.. 73 

2 3.3 0.62 , 18 0. 16 

FoOlITLOtlE!!! :
 

\l\.ll model;!! contain Hige at death and death yen.r, 
21 ™ Through 1950,, 2 - after 1950. 
:i)0dd!i ratiois ar« eisitimiited risk for e:iq]iois:ui:<! at: t:he 97th 

percentile of l&fcjLl, (epoch
« 

 1 -f epoch 2) control exposure relative
 

to no «!xpoi5;uri(!,
 

"Model also contains a single (control) term for benzene.
 

http:Lev.iii.ii
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Figure III-I
 

Origin, of study subjects;.
 

Cohort of all pensions employed
 

in: G.E. Pltts fie Id before 1984
 

Died 1969-1984? - No
 

Yes
 

Death recorded by G.E. pension office? No 

Yes* (2,914) 

Job-history record available? ~ No (1,000) 

Yes (1,914) 

Jobs recorded in history? -» No (3) 

Yes (1,911)
 

Initial data set
 

"•R(=!quii:ens; tiiut b<!:iMI:icu b&. claiiiKsd for the death. This 

require);:: 1) A liurvivinj!; claJbotAnt and 2) the death be 

eligible for benefit!!!. The latter r«!ic|uireis that the person 

who died vans; either veiiitisd in line G . E  . pension fimd or 

employed by G.E. at time of death. 
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Figure III-2
 

Farther data restrictions
 

Initial da (MI, set (1.91:1.)
 

Employment beyond 1932? ••» No (1)
 

Yens (1,910)
 
!
 

Fyranol rating avall.ii.ble for at Least 50%
 

of eaploynent duration? ————• No (36)
 

Yes (1,8174)
 

Age 21-90 at death? No (53)
 

Yes (1,821)
 

Neoplasm recorded on death certificate?
 

Yea (512) No (1,309)
 

Excluded mis control? Yes* 
(107)
 

I No (1,202) 
I 

Gases Control:!; 

*Excluded causes of death (ICDB numbert; in parenthetic:;): 
Diseases o:l: blood and blood->£on&ing organs (2.80- 289) 
Mental disorders (290-315) 
Difiieaneii of the digestive isiystetn (520-577) 
Gen:!.t:our:l.irui.ry di.K(HSLISKESI! (580-62,9) 
111 •• d(ifined conditions (780 •• 796) 

http:Gen:!.t:our:l.irui.ry
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FIG. III-3 Logistic regression on 7 binary exposures
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FIGURE IIIII-4 RECTAL CANCER III-58 IMDUCTiaiNHU ÎBICY A 
inimnyrtnlkMi: ni(]ii, yiiNiir (Ml 

2 x decrease in log likelihood (df-2) 
10 ­

0 2 'I. (!) 8 110 112 114 11(5 18 20 22 24 20 2:1:1 3D 32 34 
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FIGURE IIIIHS LUNG GANGER 
INDUCTOR-LATENCY ANALYSIS III-59 

; iii|)ii, yw oil 

_ 2 x decrease in log likelihood (df"2) 
16 •• 

10 

0 2 4 (!) (:l 110 I!! 114 lit) 18 SO 22 24 26 28 30 32 34 

Mode of Weibun density f(T-t-2) years 
•••«'••• TOW. RESINS IINSIOE: RESINS OUTSIDE !»3 

T « wg«i it) cKuth; l: " no nt 
Shapai iaiiniinr«it«ir of Vtoilxill inn Z 

iractol iwi wya, ttoathyr only 



FIGURE HI-6 KIDNEY CANCER Itoi 
INDUCTION-LATENCY ANALYSIS III-60
 iiuno,, yumr «>« tfMlh 

2 x decrease in log likelihood (df-2)
 
20 r
 

10
 

0 2 4 6 8 10 12 14 HE) II!) 210 22. 24 26 28 30 32 34
 

Mode of Weibuit density f(T-t-2) years 
BENZENE AT LEVEL 2 "•'»•" MACHINING'FLUIDS 

T " ago nit ckittri; it « 119 ml 
Shiipti lanniinruiitiir of WEiibutl !» 2. 

limn itgiia, cliuittl-ryr only 



FIGURE 111-7 RETICULUM-CELL SARCOMA
 
INDUCTION-LATENCY ANALYSIS
 III-61 

olf hln» 

_ 2 x dixiiriaaae in IOQI likeilihood (dt«f2) 

10 

2 4 (II 8 10 111! U 10 118 20 2!!: 24

Mode of WeibLill density f(T-t-2)
 20 20

 years 
 30 35! 34 

SOLVENTS AT LEVEL 2 

T " iiQii nit (Mix I » iign ml: flixpowra, 
pEiniiTisilKir olf VUdiKiuiil in 2. 

i irnoclail luu Miiruyr only 



FIGURE I III-8 LEUKEMIAS 
INDUCTION-LATENCY ANALYSIS I I I -62 

OEiiriirliiliMi: lion,, 'iNiinr IMI 

2 x decrease In log likelihood (dl-2) 
10 r 

0 2 4 <!l B 10 12 14 16 IB 20 22 24 26 28 30 32 34 

Mode of Weibull density f(T-t-2) years 
-*- TCE AT LEVEL >0 

i!ME)«! ill: lEleiittv t " «!)(! wl iKKpotiuira 
piurvraKetr of V îitiulll In 2. 

iradol iruu 11̂ 11, clultiyir cinilly 


