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A ELECTRIC COMPANY CONCERNING e’
UF CAN - MORTALLTY AT THE
WJmCTMIP PITTSFIELD FACLILITY

Executive Summary

(January 2, 19%0)

David H. Wegman

BACKGROUND
This study of mortality in General Electric workers grew out

of a ; i ., unpublished study whiuh was part of a series of
worke rtality ies undertaken in the late 1970's. The

liminary study focused on Gener:
field 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.

al Electric Company in

Initially General Electric provided a list of insurance
pension records for all employee deaths from 1969 to 1977 which
had resulted in death benefit cla ‘ Study of these data, which
included last job at<hmmwmﬂ Ele tlmﬂrmﬂ vhmnqv«mnﬂhuw
ﬁnndanw. No ific 1 job kypn or exposure was associlated
with kM?LMW%meL@Mdl]WMHNMI'Y’@WM sses noted.

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

ion of exposures for each former employee in
the ﬂdey \ ed for Pyranol (a mixture of polychlorinated
iphenyls and t; 1lorobenzene) , trichloroethylene, benzene,

her solvents, asbestos, machining fluids and miscellaneous
resin systems. Individual work histories were matched to the
osure data base to generate individual estimates of exposure
histories to each group of hh@MLLdlm»

Since not all subject work history records were still avail-
able, the total number of subi 3 ailable for study was 1
than the total number of deal b ded. In order to maximize
the study's Lical power, there uk@ the mortality data bas
was extended untll finally deaths were included from 1969
through 1984.
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The final study population, therefore, includes those
pension-eligible workers who ed at some time between 1969 and
1“84 fUT whom work hi y rds could be recovered. The

seol for the current study was modified and adopted in its
prm in 1985,

The objective of the study was to determine, to the extent
possible, if there was nvmd“ﬂma Lmr‘wnrk relat
se~-control approach was followed: exposure histories of cancer
cases were compared with thn&@ of a control group consisting of
'wmxhe:‘ who died of causes not thought to be related to the
exposure under study.

OVERVIEW OF THE BTUDY
study sSubjects

The initial study size was 2,914 white male employees who
met "“vest Lﬁﬂ[zbnrmnnrlumammusm ancd whose last place of work was at
he GE Pi £i lent and who died between January 1, 1969 and
ey Thic included may have died either while
' retiring. For all individuals
d in the mtuuyﬂ official death certificates were obtained.
Fx\@n'ivv efforts were made to collect complete information on
all subjects. After lusions were made for inadequate or
absent work history r and appropriate exclusions made for
‘ of umntrml subjects, a total of 1,714 subjects were
in the study.

Work History Records

Work history records were sought for all deceased subjects
enrolled in the study but turned out to be unavailable for a
substant ,I number largely due to elimination of these records
according 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

lo ney-

Lerm employeas)

wsed of polychlor

Pyranol: a transformer oil comp nated biphenyls

e”Bﬂ) (a mixture of isomers 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 B0%.

2
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Trichloroethvlene (TCE): a solvent used as a degreaser

Other solvents: b
CPE 1000 (p

spirits),

=ludes Varsol (petroleumn
: , and methylene chlorid
methylene chloride, kerosene, paint thinners (primarily
yvlene or toluene based), solvent based paints, xylene,
toluene, and naphtha. Some type of solvent exposure occurred
in the majority of plant operations.

~
i

2d for machining and fabrication operations.
: reral oils were first used, then soluble oils and
finally synthetic oils. There was a very minimal usage of
straight cutting oils.

ws: Used as wet insulation blankets during brazing and
lding. Some insulation pieces were made from asbestos.
primarily phenol formaldehyde and polyvinyl formal

tens . .

Exposures known to be present but not specifically rated

were

(10¢ 0il) used as transformer oil. Pyranol was
d 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 1988, and the following changes were made
to the existing e ' gs, in order to improve

parat: 3 to Pyranol and
was assigned to all jobs
which there was no dielect fluid used or in which the
dielectric fluid used was certainly mineral oil and not
Pyranol. As t, all jobs in buildings 4, 5, 19, 100,
41 and 44 were & gned a rating of 0 for Pyranol.

oil: a no ¢

s

oy

Metal fumes and dust: exposure occurred during welding, brazing
and painting with metal based pigments.

in woodworking shops.

solvent based and epoxy (those using petroleun
rated with group 4)

sure occurred during testing and
formers.

Electromagnetic fields: e




DESIGN AND ANALYBIE

1 y o B o
Basic Design

The study was designed as a case
mortality risks. Distribution of s ‘ o .
used to obtain a preliminary Lmhmrxwflmn of dlﬂf@xunm@u betwe
cases and controls. The characteristics of those with and
without work histories e compared to examine bias due to
excluding those without work histories. The data were 'hﬂﬂ
divided into various subcategories (stratified analysis) to
examine combinations of posure and o - va'nablvﬁ 1Lur
ﬁxampTﬁ age, year of death, etc.). This analysis sought to
LpdratL exposure effects from effects dttribuh¢blh to other
variables.

Cancer

wWas
2N

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

a) Cases are all types of cancer.

b) Contro: : the non-cancer deaths excluding dise
the dic .NWW!ﬁWh&Mm”'Q&LMMNMﬂMMWW'diﬁﬁamm?ytLP 2aSes
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 simultanec y. Careful attention was paid to
following a predefined strategy so that the selection of the
models would not be inappropriately affe d by the results.
Finally special attention was directed at the impact of time on
risk.

1

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

Of greate: is the lack of information on the
:mmkmnq his . y subjects. Smoking is a risk factor for
several of the cancer ;ﬁ: under study. Therefore it was
necessary to ass ential “unfnunﬂnnﬂ ffect. This was
done by hypmthv.lzqu w@vnxm] p0$%1h1@ dis -ions of smoking

in the study population.




Statistical 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.qg. lung cancer).

RESULTS

The results of the study are summarized in the attached
Chapter III that also serves as the wmmmﬂﬂrrhwnt@”|nf1nm»
detailed report. The dﬂ'milnﬂ report includes extensive tabular
material in support of the epidemiologic conclusions.

In brief, the epidemiologic dnﬂlys .8 did not identify any
unequivocal or definitive association of the General Electric-
Pittsfield work mnvnwwnm&n with excess cancer risk. “With
lmm ted power the study failed to find an association between
pyranol (PﬂHKMIﬂlnw 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 awpmr@nL 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
expo e. Othe iations 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 can 5 0f 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. 1In
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 guestion of cancer-

4]



related risks from vawﬁur@ to toxic agents in this work
environment.

The problems of greatest importance include

rsonnel activity had not been maintained in a
the needs of an epidemiologic study.
ive way to document employment at the
a time sufficiently far in the past to
ng an hist 1 cohort

1. Records of pe
manner which
There was no
Pittsfield plant
Mmﬂﬁ.'akﬁaa]mmmﬂmmﬁmmwh@ﬂ@dlmmmh,WML
approach;

2. Information on previous employees was limited to pension-
eligible employees, a designation which changes many times
mnermMmemMWmd This fact made interpretation of the
fmnulmqu much more difficult. Furthermore, the record of
pensioners was liably available only bec 1ing in 1969;
limited the total number of subjects who could be 1nvludmd
the study:

ath records limited the efficiency of

‘ h are likely to cause death (a
e a cancer with relatively
r of the nary bladder) is
-related causes since the
the number of deaths

3. The n@@d to rely on de
udy to those cancer
.hlwh Cas fmtallty ratio)
good survival (for examg
not as well studied as fao
wbher of cas .1 far
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 cancer zported to be less well
documented.

5. ';"‘JHMthﬁldata'wwmaammmmmmm@'mm historical work-p!
= tm‘MMQ' ic materials of i .. For mo: g
of interest there was no information for the wvast
mumnr. v nf the study interval. As a result, exposure ratings
had to be based predominantly on jective assessment using
only a few catego) 5, which limits the power to distinguish
between exXposure levels. Furthermore, the exposure ratings do
not reflect individual exposure va .on. There is a higl
probability, therefore, that even avated cancer risks
exist in this environment they might not be found. :

[\

the

[

6. Work history records, like the general personnel records, were
incompletely ManLdlnud» andard 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 organization, so
that operations of interest were carried out in different .

6




8.

10.

and

times. The historical record of
ete,

plant buildings at different
these chang was very incompl

Llthy-worker selection effects could not be corrected for,

ﬁiﬁ@tt, although less important in studies of cancer
lity, results from the fact that workers at increased
. (e.g. disabled employees) will have a tendency to leave
Pmp]wvm@mt early ﬂnﬁ 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.

«mmmmmwmmln.Mw'kacﬁ'ﬂﬁﬂmmfﬁm«m1ﬂm&mmd
history of study subjects. There: it was ne sary
assess its potential confounding nff@ct¢ It was shown,
however, that smoking was unlikely to be a strong confounder

in our study.

ng
to

The variety of problems invariably limit the-statistical
power of the study to fnnd 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).

i

dk de ok ke 9k

Based on the associations in the epidemiclogic study,
on the absence of any definitive findings, the following are

~ecomnmnended :

ed to attempt to clarify the findings
lung cancer and work in resin ams .,

rause the predominant plastic prmduﬂt manufactured in the

' H\ ems category involved the of asbestos and
Iunmqlm@uvﬂwﬂ this finding « .mnmnt be clearly

= bestos is widely accepted as a human
and Q \ has recently ldehyde as a
Whe jobs in this e re not

for exposure to 5 Nnor sp fically for
und the process has not been operated in the
“1Ld Lucility for some time. The possibility for

lucidation of work 5 for this area should be

evaluate 10 determine whether source of risk can be
better fpvﬂmtlwd The feasibility of fur r study will
depend upon the estimate of possible s cal power (based
on the number of persons who worked 2 area and whose work
records are available) and the determination that reasonable
job specific exposure assignments can be made for asbestos and
formaldehyde.

wynized forma
' grouping we

Pitt
fuy




A summary of the results should be prepared and distributed to
all current employees and all retirees. In addition the

sults should be provided the union for publication in its
newspaper, and to the local press for general publication.

about the possible follow-up which might be indicated.

=al examination s

There are no accepted screening tests for lung cancer which
can be offered to the previous or current employees. It is,
however, appropr: ide for janized response to
recquests for he: ] alsal any who migh :
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:

s and re can be contact
opportunity to attend a uniform
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
introduction on the
acti

d

a) All current emplo)
should be given t

s ]

study results, the interventions or
.jons which have N 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
et group, early warning signs
on and diagnosis, treatment and

specific risks for the targ
and symptoms, early detecti
prognosis and prevention.

rnal medicine, occupational

b) A panel of physicians (inte
medicine specialties) be sated 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 reguest this consultation which
should be an individual, private consultation with a
uniform report submitted to the requestor.

i
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c)

d)

A second panel should be created of physicians who are
expert in the diagnosis and treatment of lung cancer and
s related disease. Wh@ lewt panel would refer any
pant who r@qn1rmw ; nal diagnostic workup for
incer of the 1 i . Part of this work-up
should be a targeted @Minlnalnwn for those judged to have
had ot than incidental asbestos ﬁwpmﬂu'a, (For example,
he IdV waﬁening for evider nf as Mim% llkw p]unrd]

h@ lee
PR, in the resin
systemns aredh)m Aﬁvim@ um the memmtdnuu uL muasing
cigarette smoking should be provided and an organized
program of smoking ﬂﬂﬂﬁﬂ#1@n should be sponsored for any
arette smoker, but especially for any person with known
prior exposure to ashestos.

tocols should be developed to guide decision-making by

2 two panels to assure uniformity and consistency. these

ines or protocols should be developed by the

ans and 1fprmvwﬂ by n qrwup whl“h agrees jointly to
s tl ‘ £

guideli

x sents the i ) nity and the company
and who serve as ﬂn ﬁMVxhurv qrwup wn any contractor
selected to coordinate this overall effort.




CHAPTER X
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-earlier findings remained pre
or

A. BACKGROUND

This study of mortality of General Electr
workers grew out of a preliminary, unpublis study as part of a
series of proportional mortality studies unde in the late
1970's. At that time, as Occupational Hygiene Physician for the
Massachuset 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

ic - Pittsfield

1

ih:l

a few plants or industries had dominated employment. This
condition provided the likelihood that a s le proportion of
the deaths of plant employees might be expected to be found in

the vital r

:cords 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
ere General Electric's name was entered on the death record
filed from the town of Pitt

ield. "

The findings from the eliminary study were .bed in
1978 to the General Electric Company, which coope in the
further investigation of the problem. The company provided a
list of insurance/pension records for all employee deaths from
1969 to l@?? which had r@«nlr@d in death benefit claims and were
iginal proportional mortality
records ; he depe nt in which the former
',lmy st worked (Transformers, Pli or Ordnance), the
final pa 11 status (hourly vs. ﬂuldrmﬁd} and the date and
reason for leaving work.

=

[}

on these records, proportional mortality studies were
again comparing the deaths of these former employees
of the same race and gender in the US general -

who died in the same calendar year arval.  The

. however, 1 cific job type
.ated with the excess proportional

wummw%
with the
populati

iy o

re was evidently assoc:

mort noted.

In January 1981, it was decided to investigate further the
'"ld!l@ﬁ between work and mortality by obtaining complete work

: s for all pension eligible workers who had died. At this
wlmp‘mmmmﬂmmﬁﬁmml two years of deaths was added to increas lkm=
;.Mjmmd,pmwer‘mf‘UMa«mqwm'(therﬁﬁwmm,cMWWWWHQ'Hmwxmm
hu“W@@n 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 ¢ » 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 cas going as
far back as the 1930's and assignment of exposure ratings on an
ordinal scale were carried out for pyranol (a mixture of
polychlorinated biphenyls and trichlorobenzene),
trichloroethylene, benzene, other solvents, HFUPM1WUW machining
fluids and miscellaneous resin mwuL@MMu 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).

story records were still available, so
the total number of subj & avallable for study was

appre hird less than the total number of deaths
fore, the mortality data base was again extended
hs through MH 1. In 1984, with Dr. Wegman's relo-
red to UCLA. Dr. Sander Greenland
From UCLA mmnnum the s ~eam., Further developments and
finements in the protocol were s Lfied and the study was
xpanded for the last time to include all deaths through the end
1984. The final study population, therefore, includes those
pension-eligible workers who died during the pﬂrl@d 1969 and 1984
for whom work history records could be recovered.

Not all subject work hi

tion,

i

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 inte: were lung, larynx and
ulqweﬂlvv cancer (and asbestos exp )}, colon and skin cancer
(and machining fluids), leukemia (and benzene) and liver cancer
(and polychlorinated biphenyls). However, all other cancer . €
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.

o
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B. LITERATURE REVIEW

substances or substance groups for which Pwpn.mwi were
| were: asbestos, benzene, trichloroethylene
. laneous solvent mineral oils (machining fluids, cutting
ils), 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
r@qnxdinq th@w“ materialﬁ as human carcinogens reveals sufficient
i1 - zene, trichlor hylene, mineral oils and
‘ s0 that the International Agency er
3 formally considered each. Sinc :he ITARC

- h on Cancer

X mmm&weummm e in a well ac :1mmmmm1Memmmmy
statements of those rwvmnww are provided (IARC,1987). The

references cited can be found on the appropriate pages of Volume
42 (1987) in the IARE monograph series.

The IARC reviews lead to an overall
data for each agent or process gent can be
sified as Group 1 (the agent is carcinogenic to humans),
»r.q.l:'t:»uu,» 28 (the agent is pzrmtml.ml y carci lmw-;mnu"' to humans), Group
(the agent is possibly :ummxnmq@ﬂ&@ to humans, Group 3 (the ag
is not classifiable at to its carcinogenicity to humans, and
Group 4 (the agent is probably not carcinogenic to humans).

evaluation of the

For trichloroethylene and polychlorinated biph@nv1b there
are more details on animal studies, mutagenic properties and
metabolism and health effects other than cancer in recently
published reviews: Kimbrough (198%, 1987), ATSDR (1987) for PCBs
and Kimbrough et al. (198%), WHO (1985) and EPA (1985) for TCE
(see also Ch., III).

No review was attempted for the literature on petroleum
HWV@ntn (except for studies incl ling benzene or TCE) or for
resin systems, si groups of chemicals are
5 The Di SGMP'M!T don contains a
relevant published liters

”@rmw@n@
1ture.

comparison of our ﬁlndlnqﬁ with

Ther& 1d limited human evidence and sufficient animal

2 =3 : .v:h]w*inded hiphvnvln for the
for Research to assify them as
5 (IARC, 1987). Th@ are repeated findings
from hepatobiliary cancer

)e . Car
increased

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

4



A. Evidence for carcinogenicity 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 obse ’ =
1.9 would have been expecte increase was

i. Thi
by female workers in one of the two plants in the study (fc
five deaths), and all five workers had first been employed bef
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 1964) was to PCB mixtures containing 54%
chlorine (mainly Aroclor 1254 and Pyralene 3010 and 3011). 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
the period 1946~1982. Both male and female
ed significantly ir rased cancer mortality
for the local population (14 observed, 7.6 expect
1 5.3, respectively, for men and women). Among male

s, cancers of the gastrointestinal tract (two stomach, two
] a8, one liver and one biliary passages) taken together were
significantly increased haematological neoplasms (4 observed, 1.1
) (5). In Sweden, among 142 male workers containing up
srine had been used, no significant excess of cancer

s noted. Cancer incidence was also examined: the

r of cases observed corresponded well to that expected. One
individual in a subgroup with higher exposure developed two
Latively rare tumours, both of which occurred ten years after
cart of exposure: a slow-growing mesenchymal tumour ‘
noid) and a malignant lymphoma (6).

the
( e

After contamination of cooking oil with a mixture of PCBs
1lor 400) in Japan in 1968, a large population was
intoxicated ("Yusho" disease). An early report on mortality from
1963~1983 showed a significantly increased risk of all cancer.
The edible rice oil had alseo been contaminated by polychlorinated
gquaterphenyls dibenzofurans. Dose-response relationships were
not clarified (7). A further comprehensive study of 887 male
"Yusho' patients showe cally sign: antly increased
mortality from all malign (33) obser 15.5 expected),

{Kane
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from liver cancer (9 observed, 1.6 expected) and from lung jo
cancer (8 mhﬁervoﬂ" 2.5 @mp@ﬂﬁ“d} Use of local rather than Cf

national rates in calculating expected number of deaths decreased
the observed: expected ratio for er 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 fac 3 other than PCB poisoning as a possible
kplanation for this finding. For the 874 female patients
camined, none of the noted observed: expected ratios was
|gnL1|1dn1 (8). In a series of ten autopsies of "Yusho"
nmlm%ntﬁﬂ two adenocarcinomas of the liver were found, with no
indication of a direct association with exposure to PCBs (9).
ﬂ1fru sonic and tumour marker examination of two seri of 79 and
25 patients with "Yusho" disease in 1983 and 1984, respectively,
..M not reveal any case of hepatic 1 carcinoma (10). Two
studies of the PCB content of fat Ssues and cancer occurrence
were available. An association was suggested between PCB
cc ations in subcutaneous abdominal adipose ti 1 and the

q

icent

occurrence of cancers of the stomach, colon, pancre: ovaries
and prostate (11). No indication emerged of ﬁ relationship
between PCB content in extractable breast fat tissue and the

occurrence of breast cancer (12). )

The available studies suggest an nnﬁwciatimn between cancer
and exposure to PCBs The increased risk from hepatobiliary
cancer emerged consistently in different studies. Since,
however, the numbers were small, d¢ wsponse 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 (sufficlent)
Certain PCBs (particularly with ureut@” than 50%
chlorination) produced benign and malignant liver neoplasms in
mice and rats utt@x their oral administration (1,13,14). Oral
administration of Aroclor 1254 to rats yielded hmnmluuv1]dlﬂr
adenomas and carcinomas as well as intestinal m@?rgﬂawld and a
low, statistically nonsignificant incidence of s
adenocarcine (15). PCBs were inadequately tested in
induction of skin tumours (16,17). In several $tuuh'
intraperitoneal administration of PCBs enhanced the
preneoplastic lesions (18-20) and of neoplasms (21 ﬂ?) uﬁ the
liver induced in 13 by N-nitrosodiethylamine mr‘%
ametylaminnfimwxena. In one study, intragastric administration
of PCBs to mice increased the incidence of lung tumours induced
by intrapamlLuneal administration of N-nitrosodimethylamine (23).

B. Other relevant data

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

()



2 not induced in rats

e produced in rats nursed by
females h' had received lu mrallyu PCBs did not induce
chueone aberrations in bone-marrow cells or spermatagonia of
rats 1 .ﬁ in vitro ; micronuclel 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 w zduled DNa
synthesis in rat hepatocyt in vitro . Neither chromosomal .
breakage nor aneuploidy was induced in Drosophila. PCB mixtures
did not induce S0S5 repair and were not mutagenic to bacteria
(24).

Dominant lethal :
xd PCBs orally,

admir

””2”,S"H”MT@trmmhﬂmvnhiphmﬂyl induced DNA strand breaks in
mouse cells in viero . 2,4,5,2",4',5'~F JWMIMHWMNK%W%MI thJmm:
3,4,5,3',4",5'-hexachlorc 11ph'ﬂyl inhibited ir :
communication in chinese ham vie cells. rif: &W!vz'wd“m
2,5,2" - and 3,4,3",4'~¢ hloro- and 2,4,6,2 4Wﬁ“

hexachlorobiphenyl were not mutagenic to bacteria UMU_
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There is inadequate human evidence and limited
evidence concerning trichlox hylene for the Int :
‘Mwwmwy for Research on Cancer to classify it as a Group 3

carcinogen (IARC, 1987).

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 carcinogenicity to humans (inadequate)

cohort studies have been reported, two of which showed
of cancer (1,2): the third (3), in an extended and
sed incidences of
) and prostate (4
rved, 0.3

Three
no exce
updated wversion (4), showed slightly incre:
canc of the bladder (3 observed, 0.8 expec
ved, 2.4 expected) and of lymphoma (2 ¢

: d) . Two case-control studies of lymphoma have been
b ted: 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
mndl«alwd no ulvmr uwwwvmutlmn with exposure to trichlroethylene
(7=10). A few mor ses than controls were € d in two of
the studies, @qpvulully wran the two studies @ analyzed
together (7,9). In a proportionate mortality study of polishers
and planters with potential exposure to trichloroethylene, but



http:hepatocyt.es

e ——

also to chromate

anﬂ nimka1, there were
and primary liver rs. There were al ; . cesses of
cancers of buccal Wﬂv1tv and pharynx, panc 25 and luxrnx and of
lymphoma (Hodgkin's and non-~Hodgkin's lymphomas combined, 13
observed, 9.3 expected) (11). '

of esophageal

I

Exposure to trichloroethylene may occur to some extent in

laundry and dry-cleaning work, although exposure t
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).

The ince ent relationship between liver cancer and dry-

cleaning is n)n«‘d@r&d in ”h@ 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
pﬂxm1t any definite conclusion to be drawn about a causal
association. .

B. Evidence for carcinogenicity to animals (limited)

Trichloroethylene was tested for marcinmgeniwify by oral
administration in mice in one experiment and i g in two
experiments. In mice, it produced hepatocellular mawulnwmm and
lung tumoul in both mal and les., One 1y in rats was

considered to be inadequate, and the other showed equivo

evidence of carcinogenicity (3). Inhalation studies with
trichlor: 1wylene 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
MuhwuLdnwuuﬁ rnm@ﬂtlmn tn mice also gave m@qmtmvw results (15).
In mnhd]utlun uwpwn iments using two strains of mice,

trichlo anxaﬂhmd the incidenc of liver tumours in
mal mL one frdmn and in females of the other. In rats, a low
incidence of uuvnutmrcxnnmdw of the renal tubules was observed
ﬁm]lnwnnq exposure to trichleroethylene by inhalation (16). In
mice, oral administration of trichloroethylene containing
epichlorohydrin as a stabi

-
258

11ﬂfwr induced forestomach carcinomas
but no liver or lung carcinoma (17). Pure trichloroethylene was
tested by oral administration in mice and rats. Hepatocellular
arcinomas were induced in male and female mice; none were
induced in female rats, and the eriment in male rats was

considered inadequate 1lﬂ)“ A study by oral administration was
conducted in four strains of rats, but it was inadequate because
of toxicity and poor survival (19).

B

/

R

f



C. Other relevant data

Oral administration of trichloroethylene to mice induced
epatic 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 trichleoroethylene contain
stabilizers which are known to be mutagenic. As a rule, the
purit of the preparations tested are not given.
Trichloroethylene induced micronuclei, somatic mutation (in the
spot test), sperm anomalies and DNA strand breaks in the kidney
and liver, but not lung, of mice treated in viveo; 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 Syri
rat h
mu

n hamster cells in vitro or unscheduled DNA synthesis in
rpatocyte. It was mutagenic to plant cells and induced

on, gene conversion and mitotic recombination ih

haromyces cerevisiae both in vitro or in a host-mediated
mutagenic to bacteria when tested as a gas but not
a licuid, except in one study using a mouse-liver
bem (21).

ssay. It was
when tested as
metabolic syst

stos is causally

o

There is sufficient human evidence that asbe
associated with lung cancer and mesothelioma for the Interna-
tional Agency for Research on Cancer to classify it as a Group 1
crarcinogen (IARC, 1987). Additional evidence suggests that
asbestos may also be causally related to laryngeal cancer and
gastrointestinal r but the data are s convincing
regarding these s

itmﬁ:“

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

from seawvera.l

rts

Numerous repo count s have described cases
ries of pleu sotheliomas in relation to
supational exposure to various types and mixtures of asbesto
(including tale containing asbestos), although occupational
exposures have not been identified in all cases (1-21).
Mesotheliomas of the tunica vaginalis t is and of the
pericardium have been reported in persons occupationally exposed

to asbestos (22-24).

9
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Fmdmmmm%ﬂemmmmm@ﬂﬁmvintmmMWlmcmalMWhm
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 1y £rom
Israel, the incidence of mesotheliomas was found to be 121
among those born in the USA or in Europe relative to tho: born
in Israel (9).

reports and in other studies, ash
fibres were identifie the lungs (5,6,11,2 2) . Amphibao
fibres usually nr@dum1nutﬂd, but in a few cases mainly or nn]y

chrysotile fibres were found (6,28).

In some of thes

The lumgihﬂmw:v required for mesothelioma to deve
exposure has be ; iﬁanﬂmm'mf‘WWMLMWr
(11,13,26,28,3: sing proportion of ce
seen with increasing duration of exposure (36).

has been

A number of epidemic ical
and mesothelioma have be oL n
unspecified or complex mixtures of asbesto ‘
45). The risk ratio for lung cancer has u%umlly h@wn mun ately
increased, both in these studies and in studies on other
occupational groups wnth ﬁmmi]ar1y job-related huf ‘%H:.'.ﬂied or
compl ask 54). Rl R« i st 2-5
have been report " , but the ratio :
mmnﬁ’lﬂrably higher in one rather small study (ﬁﬁ) and did not
1 unity in anot (42). In one study, individuals
ffering from asbe 3 had a considerably greater ris
lunq cancer, with a risk ratio of 9.056. In some of °
referred to, a number of mesotheliomas were also ok :
(41,42,44,47,51,%3,55) . Abdumnmml mesotheliomas have wum@?
ba&n MJHTﬂk@n for tic cancer (57). Mesothelioma cas
have been observed » relatively lower fibre content in the
lungs than lung ﬂunver Hd:@ﬁ (32).

tMﬁ;mm’rmﬁpimWMqu‘euwwr

for
sbtudies

L

control

Laryngeal cancer ; beean @mﬁﬁldPTﬂd in two cé
g o b >

studies ratios of 4 and 2.3 ¢ relate to
shipyard w u|= ecified @xmeU'e, respectively (40”%8) A
cohort vtuuy ux 1n ulation worke howed a relative risk of 1.9,

based on nine cases (57). A case ies indicated a

frequency of exposure to asbestos, .'p@ﬂ;dllk in low-

smokers (59). A risk ratio of 3.2 for larynge: cancer was

ed among chrysotile miners in an area with generally high

but no increased risk was seen in a cohort of
e 1 srocidolite (61). Two correlation

i a relationship between laryngeal

setos (39,62).

repor
incidence (60),
3 with

work

- and exposure to ask

to shipyard work and other exposures,
huumehujd contact with asbestos workers, have also been

10




. to epidemiological studies (36,63-67), resulting in risk
) s of about 3-15 in comparison with background rates not
w]eﬂrlv referable to asbestos exposure.

ﬁume studies have specifically considered environmental
s with reference to mesotheliomas (66,67). Three
ation studies and one case-control study considering

expos
Cory

eXxpos to piped drinkinqmwatar-(ﬁwm71) did not show
consi ly cased risks fo d r, whel 3
another udy {12 considering ct ation mainly

from natural sourc gave some 1nd¢md#inn 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 crocideolite has been studied with
of lung cancer (61,73-76), and sk ratios mﬁ '
reported. Three lung cancers and two me
20 individuals after one year of high e
least 17 of the ¢ 5 had asbestos-induce
filns (77).

been
in

have

eliomas o
um«.n: to crocl at
xd lung changes on X-ray

One study (78) of hi tmlmwwcul types of lung cancers showed
that among persons exposed to crocidolite 45.7% of cases were
squamous-cell carcinomas, as ”nmpuxum to 3%.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 ch
in virtually no inc
@lmva"@d relatiwve
risk ratios, up

rysotil

in some studies to result
Y atio (60,79-81), or a slightly
ml lung canc :'(B&mﬂﬁ). Somewhat higher
hhmmw, e ively, were tained in
one mhudy of chrysoti miners (87) and in two independent
studies from one asbestos [chrysotile] 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 chrysotile and amphiboles (risk ratio, 61),
thus almost multiplying the risk ratios (6 and 12, respectively)

e was
n risk

s

of exposures to chrysotile and to amphiboles alone (90). Another

ﬁfudy showed no mesothelioma among a large worker population with
exposure to chrysotile only (91).

A $1iqnw excess of lung cancer and some mesotheliomas
appeared in some groups with mixed exposures involving amosite,
chrysotile and crocidolite (92-94). Exposure predominantly to
amosite, but also to mhrvhnLilu; was reported to be the probable

cause of at least four or five mesotheliomas (one peritor L)
Obdﬂxv@d in a UK insulation-board f: wry (95). One with

exposure to cummingtonite-gunerite, which is closely related to

amosite, had no clear excess of lung cancer, although one case of

mesotheliomas was observed (96).

11

regard to risk
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Exposure to tremolite and actinolite has been the subject of
a few studies in investigations of vermiculite mining 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
stud
increase risk, although pleural plagques were reporte
Publications of one case report of a mesothelioma =¥ o
environmental exposure suggests that tremolite was of etiological
importance (31). :

265, whereas the study of environmental exposure showed no
= d

er than of the lung or mesothelioma have bheen
tudies (1,17,3%,39,41~44,48,51,55,60-62,68~
~74,76,87,89,92,93,96,97,99-108)., Some indicated an ‘
roximately 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, witlr 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 strong la o ashe S exposure
in one small study covering 28 cases and 28 controls, giving a

: o 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).

Cancers oth
rd in many

70,"

smoking

exposure and

The relationship between asbestos
indicat a syne stic ect of smoking with regard to lung
canc (1). PFurther 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) .

snic effect of asbestos exposure,
(1), show that occupational
hophyllite asbestos and to
ased risk of
tremolite

The studies of the carc
including evidence reviewed
exposure to chrysotile, amosite and ant
mixtures containing crocidolite results in an inci
lung cancer, as does exposure to mi: 1ls containing
and actinolite and to tremolitic material mixed with
anthophyllite and small amounts of chrysotile. Mesotheliomas

n

g
wy
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have been observed after occupational exposure to crocidolite,
amosite, tremolitic material and chrysotile asbestos. S
Gastrointestinal cancers occurred at an increased incidence in '
groups ncnupdﬂlnnd]l! exposed to crocidolite, amosite, chrysotile i
Or mixe containing crocidoli dl?huuuh not all st 8s j
are cons ln this 1 ect.. An e = m! ldlvnwm" cancer

has bee >iated with the presence in Z

of

ﬂrinkionwmlﬂw. Mesotheliomas have occurre inqL duals
living in the neighbourhood of asbestos factories and mines and
in people living with asbestos workers.
i

Review of Human |

There is suffic: hunman evidence that benzene is causally
associated with leukemia for the International Agency for
Research on Cancer to cl ify it as a Group 1 carcinogen. This ;
finding was recently reviewed and confirmed (TARC, 1987) and a :
similar finding has been reported ar:mrﬂinq to the Environmental ;
Protection Agency Cancer Risk Assessment Guidelines (ATSDR, i
1987) . The evidence, to date, does not p@rMIt an evaluation of ﬁ
whether e AWM’iﬁ.m,ﬁﬂﬁmdhmﬂimmﬂﬁmeWﬂ than hematopoiet ’
malignancies in humans. !

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

]

Numerous case reports and series have suggest a i
relationship bet "ﬂn exposure to benzene and the occurrer of i
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 difficult. ‘

~ed an

Three independent cohort studies have demonsti:
“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% wwnﬁld@n ce interval, 52~488), based on four cases; a higher
e isk was obtained when ﬂnlv myelogenous leukaemia was i
consi 2] (& observed, 0.9 ex l; p= 0.011) (4). A further
cohort wdy found an excess of e myeloid leukaemia (SMR,
394; 172-788) among refinery workers, based on eight cas
however, the patients had not worked in jobs identified as having
the highest benzene exposure (5). Another study of refinery
workers wed no ﬂﬂﬂth 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

13
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median exposure intensity in "benzene-related units" was 0.53 Ppm
(1.7 mg/m3) (6).

In a Chinese study, encompassing 28 460

r@txmapnv11vv

work EXPOs ene in 233 factories, 30 cases of
leukaemia ('% ac 2, seven chronic) were ﬁmund, as compared to
four cases in a x'fwxp ice cohort of 28,257 workers in 83 machines
production, textile and cloth fac ies. 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 o 1000
mg/m3, but the range 50~500 mg/m3 covered most of them (7).

There is su ent human evidence that untreated and
mildly-treated mineral oils (machining fluids) for "the

nal Agency for Research on Canc " L Ly
inogens (IARC, 1987). There is agre 1ﬂm
are associated WI|h skin (par11culﬂr]v : Q) cancer
dnd wwln gastroint inal cancer. There is sone nvndunm@ that
they are also dﬁwu@iateu wjih lung cancer. Human studies do not
permit mdmwﬁxﬁnﬂu1 Lo of highly refined oils as carcinogenic and
animal studie aqquate ewmdvnaw of their
carcinogenic - Group 3).

c

"4y

S
=z

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
ocoupations, including mual aning, metal machining and jute
proces haﬂ @ ABHBOCL ongly and consistently with
the oc squamous-cell of the n, and
) pv«m"lly wﬂ tcuam (1) . : tion proc ses for these
oils hawve A time, and with mmr& manufacturing
methods . ] : that contain smaller
amounts of H.Atumlndntn" ﬁumh an polymyﬂllﬂ aromatic
hydrocarbons. :

inal

malignanc: ) in two out of three muhurL a;udj'; of metal
workers (stomach cancer in two st la rowel cancer in
one) ; howewvs mi =1=1] for the sum of

*, the only si
stomach cancer plus large-bowel cancer in one
of scrotal cancer we detected in one relati
study of metal dustry workers (1). Among 6!
oY more years sxposure to mineral oils, five c

squamous~cell carcinoma of the skin (four of the s

dy. Four cases
small cohort
ners with five
s Of

rroftam)
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occourred, with 0.3 expected (2). In a case-control study, a "0
relative risk of 4.9 was reported for the association of scrotal
ﬁmmmmW'with]wntuﬂﬁmm.@WPMfurnlmfIWMMMmem%ﬂrﬁ to mineral oils.

the classification of
rs were pote ally
he epidemioclogical

her the :uml levels of exposure nor
nineral oi o which the machine wor
@me"&ﬂ\mma&munld\lu in the reports of
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 1936 to 1976, 62% had held
occupations in which exposure to mi 1l oils was likely to have
occurred. The median time since exposure was 34 years
(3). '

nce of second primary cancers
1Istrated excesses of

ory, upper alimentary tract and skin cancers; when the
occupations were grouped, the exce was largely confined to

those with exposure to oil (1). ’

An examination of the incide

among men with scrotal cancer demc
respirat

cancer have been reported

Excens of bladder
ral countries among machinis

control studies in seve
mnqxnunxﬁ,!ﬂm:nmmmepm

dﬂd
ibly exposed to cutting oils containing
aromatic amines as additives (1).

With TUMdTﬂ fr wrinfing pressmen, one of two cohort studies
mddrﬂz lnq Iunq » showed an e s and one of two

. studies showed a small exc of lung
cancey amnng nmw'pdpwx Ppressmen bul no excess among non-newspaper
pressmen; the other u?udv did not address lung cancer. One of
three proportionate mortality studies on manual workers in the
printing xmwmmhgh,xum.ﬁwmlLﬁi@ﬂlky.wmmﬂumme'prj ing pressmen,
did not show an increased lung cancer risk, whereas the other two
studies found un . One of two proportion ortality

‘ ressmen indicated an increase leaths from
of

o)

studies
tal

e cancer, und the other showe »s5ibly an increas

deat: from colon cancer; the ol udy considering lorectal
cancers did not show an increased mcﬂurrwnm@m One proportionate
mortality study among newspaper and other commercial printing

ess of mort

pressmen showed an exc
cavity and pharynx, whereas no su
cohort study. One case-control s
cancers of the buccal cavity and ph@tvnwm The f£ind :
other malignancies were inconsist rotal canc were not
mentioned. The type and amount of exposure were usually not
described; exposure to both mineral oils and carbon blacks would
probably ha

ality from cancel
5 was
udy indicated an

3 of tr@ buccal
" in a

cess of

regarding

been involved (1).

the UK and from Washington
n cancer have been registered
ral oils (1).

In mortality statistics from
State, USA, e es of lung and
for jobs entalling exposures to

o

1




Chapter Il

GE Plttsfleld Retrospective Exposure Assessment Study

Scope of Exposure Assessment Study

The purpose of the exposure assessment was to
reconstruct historlical exposures to toxlicologically
significant chemicals and materlals at GE Pkttﬂﬁlel&, This
was a difficult undertaking because of the large number of
materials in use at the plant, the many types of operations
performed, and the limited hhmhmm of past records. A
multistep Interview process was used to Interview long-term
employees to obtain and corroborate information on

historical exposures,

Background

Historically many studies in occupational health have
treated what was actually a complex multlple exposure as a
study of a single agent., For example, miners in the Erz
Mountains are exposed to a variety of metals, radon and
radon daughters, and uranium. The firat ldentiflcation of

lung cancer occurred in 1679 at which time the etiologle



agents were assumed to be arsenlc and cobalt dusts in
conjunctlon with silicosls as a predlsposing factor (Harting
and Hesse, 1679). Radiation exposure from Iadon gas was
thought to be too low to contribute to dlsease. In the
19508, however, theoretical calculations demonstrated that
radon daughters produced 20 times the radiation exposure of
radon. Subsequent epidemiological studles have mn}y
evaluated radon daughter exposure. Any additional
contributions of nickel, arsenic, or other metals have not
been evaluated (Waxwellez, 1981). Slmilarly, the strong
assoclation of vinyl chloride with liver anqiouamhumm in
chemical workers has, until recently, prevented the
evaluation of other exposures present such as acrylates,
caprylyl chloride, methanol, and vinyl acetate (Hmlth et
al., 1981)

Recently an increasing number of studies have attempted
to evaluate multiple agents. For example, Axelson et al,
(1978) rated Jobs at a copper smelter not only for exposure
to arsenlic, the presumed etliologlic agent, but also tdmu@pp@[
and other metals. Workers with exposare to e¢lther copper or
arsenic had elevated relative risks for cerebrovascular
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 of vinyl chloride data, Ottt et al. (1974) found
what appears to be a synergistic effect of arsenic and vinyl

chloride on lung and other types of cancer. Thus multiple




11-3
agent studies can evaluate disease etiology, generate new
hypotheses, and also test for synergistic effects, something
which I8 rarely done experimentally.

The method of assessment of past exposures to single or
maltiple agents depends upon the nature of the exposures and
the avallable data. Ideally 1§ substantial lndustrlial
hyglene data were avallable, 1t could be used to asslign
quantlitative exposures to Jjobs past and present. 1In
practice extensive industial hyglene data before 1970 1s
rarely avallable, Consequently only a few studles have
attempted retrospective quantitative exposure aw&emwﬁ@ntﬁ
(Smith et al., 1984, Ayer et al., 1973; Dement et al., 1982,
Stewart et al., 1986).

The majorlty of studies in o@mupatlonml epldemiology
have not assessed the {ntensity of exposure but have used
only the duration of exposure in a particular Jjob as a
surrogate for dose, A study which surveyed and critigued
48 occupational health epldemiologlical studies conducted
between 1977-1978 ﬁ@und that only 18% of the studies defined
empmﬁurw both by duration and intensity (Baumbarten and
Oseaaohn, 1980).,

Those studies which evaluated the intensity of exposure
in the absence of quantitatlve data have used a variety of
qualitative cateqgorical scales to rate jobs. Typlically a
knowledgeable plant employee (less frequently, an Industrial
hyglenist) 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 scale has been
used. Other studies have tallored categorical scales
speclfically to the exposures under evaluation. Arp et al.
(1983) used the scale shown in Table 2-1lA to rate exposures
to benzene or to other solvents in the rubber industry.
wmxwgllex et al. (1981) and Kromhout et al. (1987) used
scales that included more apecific descriptions of work
activities (see Table 2-1B and C). Bourguet et al. (1967)
used two scales to rate jobs for dermal exposures. Each job
was rated for degree of exposure (none, small, lﬂkqmw and
frequency of exposure (none, ilnfrequent, frequent). For
analysis the scales were combined into the following orxdinal
scale: none, low (mmmilwinfmmqu@nt)” medium (small-frequent,
large-infrequent), and high (large-freguent).

Varlous sources have been used to assign exposure
categorlies to Job titles. Typlcally a knowledgeable plmnt‘
employee, such as a production manager or an industrial
hygienist, rates work history Job titles. Because of the
enormous effort required to assign exposures to a large
number of Job titles, the majority of studies have not
attempted to obtaln multiple assessments for each Job title.

Only recently have studies attempted to check
categorlcal exposure assignments. Tankersley and Checkoway
(1983) had two groups of industrlial hyglenists (plant and
corporate) rate a subset of 100 work histories (out of 9000

histories in an epidemiological study) for exposures to 5
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chemlcals 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
categorles. No jJob was agssligned to both the highest and
lowest category.

Kromhout et al. (1987) compared categorical assignments
by Industrial hyglenists, plant supervisors and workers
agalnst quantitative exposure measurements. Industrlal
hygi@hluta were marglinally more accurate than supervisors or
workers who in turn gave comparable ratings,

Finally Arp et al. (1983) used extunmivm‘pummh&winq and
production records to assign past exposures to solvents in
the rubber industry. He checked the quality of the
aaﬁiqnh&mtm by predicting solvent exposures of current jobs
from company records and then determining the actual
exposure by walkthrough surveys,

The validation of categorical aﬂumgnmﬁntm can be an
arduous task depending upon the number of unigue Jobs and
work operﬁtionm_ The type of validation, of necessity, must

be tallored to the information available.
Exposure Assessment Study Objectives

Given the lssues discussed above, the objectives of the
exposure assessment study were the followlng: 1. To
determine what the toxicologically slgnlflicant exposures

were at the GE Plttsfleld plant; 2. To choose an



appropriate cateqgorical 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 obtalning information on
exposures of Job titles derived from work histories |is
outlined in Table 2-2. While the epidemiology team
assembled and reviewed employee work historles, uhm exposure
assessment team constructed a Jjob exposure database for each
unigue Job title appearing In the work history database.,
Merging the two databases produced a history of Job
exposures for each worker Iln the study.

The exposure informatlon was obtained In a series of
weelk lmﬁq slte vislts €o the GE Pittsfleld wlmntu. During
the flrst visit, a plant walkthrough and review o0of current
operatlons was conducted was well as a review of any plant
records on pr@dqcti@m” chemical usage, purchasing records,
Industrial hygliene measurements, bullding maps, ete. Hard
copy records on the production of transformers and purchases
of dlelectric fluids and chemicals were limited and did not
extend €ar dback in time. Records of industrial hygiene
mﬁammr@m&ntﬁ made since 1978, an inventory of major

chemicals by building f£rom 1983, and a record of major




chemlcals distributed by Central Stores to different
departments were obtained.

To obtaln more detajiled exposure information, a group
of 18 knowledgeable plant employees was selected by GE to
represent the range of operations. A large number of
Iinterviewees was requlred to cover the many operations in
the plant. Most of the individuals werxe supervisors ox
managers., Interviewees were selected on the basis of thelr
knawledge of speclific plant operations and their length of
service,

A hlistory of positions held was obtalned, for ehuh
interviewee. A3 of 1983, the average length of employment
was 38 years. Twenty two per cent of the interviewees
started work in the 19308, 56% began In the 19403, and 22%
in the 19%0s. Eyewitness hlstorical Information was
therefore avallable back to the mid 1930s. In addition
several of the intwrviww&mm“ fathers had worked in the plant
80 that at least the major exposures could be constructed
for the perfod 1900 to 1930. Only two of the seven
exposures £for which work history Jjobs were rated were used
from the start of the plant (specifically machining £lulds
and solvents).

Using information on current exposures obtalned In the

flrst visit, about 250 component operations or subunits were

qﬁoup@d into about 50 operations based on simllarity of

exposures or locatlon (see Table 2-6). During the second



site vislt, information was obtalned from the 18
interviewees on the following:

~All major and many minor chemical and m@tallhwqical
exposures within an operation and thelr use dates.
~History of process and engineering control technology.
~History of location of the operation within the
approximately 100 bulldings on site (many operations changed
location over the years),

Because of the many dlfferent types of operations, a
standardlzed questionalire could not be used. Interviews
were open-ended though they always ilncluded thm.mmma group
of questions listed above. Interviews were conducted by an
industrial hyglenist.

Between the second and third vislts, the information
eollected was summarized and a history of each operation
listing all exposures was written (see Operation
D&murﬂptk@mw Book in Appendix). Materlal Safety Data Sheets
and information on formulations and composition was obtalned
for those products {dentified by trade names by the
interviewees,

More than 250 chemicals and classes of chemicals were
ldentlfied as having been used at the plant. A toxicologlcal
review was next conducted using sources such as the NIOSH
- Reglstry of Toxlc Effects of Chemical Substances, IARC
Monographs and Bulletins, US PHS Publication No. 149
Survey of Compounds which have been Tested for

Carcinogenecity, and several on line computer data bases.




Of the original 250 chemicals, approximately 30 had possible
mutagenic or carcinogenic potentlal. From these, seven
exposures were selected for job exposure ratings based on
thelr carclinogenic p@t@ntlal, the quantity of the materlal
used, and the number of operations where the material was
used.

The seven potential exposure hazards were the
following: pyranol, benzene, trichloroethylene, solvents,
machining £lulds, asbestos, and synthetlc resin systems,
Detalled information on each of the exposures ls presented
in later sections of 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 of contact (direct, indirect) and
frequency of contact (infrequent, routine) in addition to
Intenslty was chosen to permit interviewees to more easily
distinguish between the different categories,

buring the third site visit, interviewees reviewed and
eritigued the Operation Descriptions. In addition they
began to rate operation job titles for exposures to any of
the seven chemlcals of Intereat,

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 of
the study (1982-1984), a total of 4477 unique job-operation
titles were rated for exposures., In thﬁ gecond phase of the

study (1985-1988), an additlonal 1800 Job titles were

1T



assigned exposures based on the phuﬁm I exposure
assignments. Durlng the course of the study the Operation
Descriptions Book was reviewed for technical accuracy by
other plant‘pemmunnely Ineluding the plant physiclian,
Industrial hygienist, and environmental manager. The f£inal
review took place after the preliminary f£findings had been
reported to the company. Any changes made in the last phase

of the study required hard copy documentation.

Exposure Rating Evaluatlion

Categorical 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
limited fashion for only two exposures (solvents and
pyranol) since the numbers of Industrial hygiene
measurements were small. "

beveral years after PCB use was terminated, residual
alrborne PCB levels were determined by the industrial
hyglene group. These results are summarized in Table 2-4
which also indicates which operations interviewees
ldentifled as pyranol-contalning. Employees ldentifled
operations with high PCB residual alr levels as having
contained PCBs. Employees did not ldentlfy Tank Fabrication

(Bullding 33) as contalning PCB3; this building had the




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 bullding; these levels may represent general
background levels at the GE Plttsfleld plant.

There was also a limited amount of industrial hygliene
measurements for varlious solvents. Between 1975 to 1980, 38
unigue Job titles were sampled £or solvents by the
Induatrial hyglene group. Of these tlitles, 33 or 87% were
ldentified by Interviewees as having solvent exposure.

Where the experlence of Interviewees overlapped,
multiple independent exposure assessments were moilected on
operations and jobs. Job titles were rated for exposures in
two steps: 1. Operations using the selected exposures were
fdentified; 2. Job titlwﬁ within the identified operations
were rated for empuﬁurmm« Multiple assessments were
obtalined 1n both steps and were used to check agreement
between the Interviewees, Table 2-5% presents the agreement
between interviewees on job title ratings. Percent
agreenent or disagreement was calculated from the number of
jobs in a category divided by the number of jobs rated in
steps 1 and 2. There was very good agreement among
interviewees for the seven exposures. The agreement was
excellent for the exposures that were used currently or 1In
the recent past (pyranol, TCE, asbestos, machlnlng flulds,
resin systems). The agreement was lower but stlll very good
for benzene, whose use ended in 1950, and for solvents,

which represented a very heterogeneous category.
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An additlonal evaluation of agreement among emplovee _J\
Job ratings was conducted during Phase II1 after all 7000 Job
titles had been rated. Those job titles comprising
appromimmt@IY 85% of total study person-years, about 250
titles, were rated by a separate team of several managers at
GE Pittasfleld. Agaln there was very good agreement between
the new and ¢0ld employee group ratings: 78% of the Jjobs had
ldentical ratings and 89% aqreed within one ranking. These
findings are consistent with Tankersley and Checkoway
(1983).

The next sections of the report present mna@v@rvlww of
the dlfferent operations at the GE Plittsfield plant and
detall relevant Information about the coding of the seven
rated @Mpomummu as well as thelr use In the different
operations, Petalled information on each operation listing
all exposures is presented In the Operation Descriptlonas
Book in the aAppendix. For sake of completeness thm last
ﬁ@atimn describes exposures of toxmicological interest that
were not rated because they were conflned primarily to a
single operation or because complete exposure Informatlon

wans lacking,

overview of GE Plttsfield Operations
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There are three basic manufacturing divisions at GE
Pittafield: Power Transformers (PT), Plastics Division
(PD), and Ordnance Systems (08). These occupy approximately
120 bulldlings at the 500 acre site along the Housatonic
River. As of 1982 there were about 3500 workers in PT, 600
in PD and 3500 in O5 for a total of 7400 workers. about
3200 were hourly employees and the rest were salaried. Peak
employment occurred durlng World war II when the workexr
population reached 11,000. During the mid 19808 the
transformer dlvision was phased out at Pittsfield,

Transformers have been manufactured at this aite since
1890, In 1866 at Great Barrington, VT, Willlam Stanley
demonstrated that alternating current could be used to
transmit electricity and developed the flrst ac transformex.
A group of Pittsfield, MA lnvestors enabled Stanley to open
the stanley Electric Nanuﬁmmtummmq“campany in Pittsfield In
1890, OGE bought the plant in 1903. At that time the plant
already had 1%00 employees,

For the last ten years of operation, there was only one
transformer department. Up until the mid 19708, however,
there were two major transformer divisions - Power
Transformers (north of the railroad tracks or "Northside",
see Flgure 2-1) and Distribution Transformers (south of the
railroad tracks or "Southside”), Power transformers are
large transformers used £or high voltage transmission of

electricity by public utility companies; these transformers



are never connected directly to customer loads. Instead,
distribution transformers, as the name indicates, are used
to distribute electrle power for customer use., Other types
of transformers have been manufactured at Pittsfield within
these two subdivisions, e.q., dry-type, precipitator,
furnace, rectifler, network, and locomotive transformers,
concrete reactors, step and ML3Z regulators, In addition,
other types of elegtrical equipment, for both in‘plﬁnt use
and external sale, have been manufactured including
lightning arresters, bushings, ampmcltumﬁv cutouts, and
fuses.

Ordnance Systems was established In 1941 and has
primarily developed and manufactured guidance systems for
pombers, gun mounts, tanks and balllstlic missiles, and the
Navy's Trident Missile program. This part of the plant site
mpmmmtimhm was largely independent @f the transformer
operations, ‘

The Plastics Division started operations at Plittsflield
in 1928 with the manufacture of the first injectlion moldable
phenolic compound, called GENAL resin. This black plastic
can withstand high operating temperatures and was sold for
the manufacture of automoblle ignition and transmission
systems, electrical equipment, and household electrical
appllances (e.g., bases and handles on toasters). PD also
produced phenol-formaldehyde resins used for lnsulating

internal components of Power Transformers,
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The vast majority of work history job entries in our fﬁ
case control study were In the Transformer Division
(approximately 90%). About 10% were in Ordnance Systems and
less than 1% from Plastics Division.

GE divided (ts manufacturing divisions into
approximately 250 “"components® for administrative and
wmyrmll purposes. For purposes of this study the components
have been grouped into 52 "operations" based on similarity
of exposure and/or location. Table 2-6 i3 a list of the 52
operations., For the sake of clarity and to prqvidu a quick
overview, the operatlons have been grouped bnyunction,

l.e., manufacturing or plant support, in Table 2-7,
Transformer Manufacture

A transformer 1s a device that changes electrical
power ﬁﬂum one current or voltage level to another. Energy
is transferred £from one alternating current clreult to
another, not by direct electrical connection, but by
magnetic coupling. This transfer ls achleved by the
principle of electromagnetic inductlion, discovered and
characterized by physiclsts 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 magnetlc charges, but of moving

electrically charged particlea. A current-carrylng
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electrical wire can deflect or turn the needle of a compass,
Alternatively, as Michael Faraday discovered in 1831, a
moving magnet (or a magnetic £leld that is somehow changing
with time) can induce an electrical current in a wire loop.
A transformer consists of two solenoids or wire colls
that are insulated from one another and connected to
separate electrical clircults. Alternating current In the
£lrst coll, or primary, Induces both a changling magn&tmc
fleld and hence an electrical current In the second colil, or
secondary. Both colls are wound around fand insulated £rom)
a core manufactured from silicon steel which mmﬂ@mmlly
magnetlized. The core increases the magnetlic coupling
between the two colls. The magnetlc f£lux induces the same
voltage in each turn of the c¢oll; therefore the total
induced voltage is proportlonal to the number of turns In
the winding. & transformer 1s highly efficlent (96%-99%) in
the transfer of energy because 1t has no moving parts and
therefore no frictional losses. It can step up or step down
the voltage in the secondary depending on the ratlio of
winding turns between the primary and secondary colls,
Flgures 2-2 and 2-3 show the internal structure of core
and coll b@ﬁmm@'p1mcemmnt In the transformer tank shown in
Figure 2-4. Table 2-8 presents an outline of the major
@pemmtﬁ@nm'@f power transformer manufacture. Bear In mind
that though the outline of operations looks comparatlvely
stralghtforward the actual manufacture of a large power

transformex, which stands three storles high and welghs 500

1

]. '[ - ‘l ‘EL .

A



II-17

tons, requires 4500 different drawings and 100,000
Individual parts.

The wire for the colls s prepared in the wire Mill.
Copper wire 1s drawn, annealed, and insulated with tape or
enpamel coatings. The major insulation between primary and
secondary windings and around which the colls are actually
wound are resin bonded cylinders manufactured ln Tube
Rollling. Layers of paper are wound on a hot steel drum
(mandrel) and bonded with a phenol-formaldehyde resin
(bakelite) to form the insulating tube. Insulated wire {s
wound around the tube in Coll winding to form the pﬁlmmmy
and secondary colls of the transformer.

The core of the transformer consists of very thin (0.33
mm) layers or laminations of {nsulated silicon steel.
Lamination prevents the development of electrical eddy
currents which would intexfere with the magnetic flux.
Electrical steel is recelved from the manufacturer and cut
to length and width in Core Fabrication. In Che past the
core "]egs" were then Insulated (with a clmymﬁmntamning
“slurry coat® or enamels); currently steel ls recelved fully
processed from the manufacturer. The core is then bullt by
laying the legs flat on a bullding jig; beams of nonmagnetic
materials such as wood or aluminum are clamped along the top
and bottom of the core. Rlgld bmmﬂlnq or clamping of all
transformer parts is very important as otherwise core

laminations and coll will vibrate with current changes to



produce objectlionable noise (humming) and ultimately
insulation fallure and shoxrt circuit.

A varlety of other internal transformer components are
made in departments such as Copper Parts and Cables where
parts are machined, brazed or soldered, and insulated. In
Insulation, paper and pressboard are treated with phenol-~
formaldehyde resins (simllar to Tube Rolling) hnd cut to
slze to form spacers, washers, collars (for the wire leads
of the transformer) and other parts. The spacers are
inserted between core and coll to create chapnels or ducts
which allow transformer oil to clrculate. The qhmllty of
the insulating materials of a transformer (which altogether
include the resins and enamels of coll and core, the papers
and pressboard of insulating nyilndemm” spacers, and
collars, and Ilnsulating properties of transformer olls) are
important factors In determining the life of the unit.

Load ratio adjusters or load tap changers are insulated
swltches which "tap" Into the secondary coil at various
turns to permit a variable voltage output. A transformer is
frequently subjected to abnormally high voltage stresses
caused by normal operating conditlons, such as switching,
and abnormal operating conditions, such as llghtning, so 1t
therefore contains specialized circult breakers and fuse
llnks for surge protection. Load ratio and fuse link
operations are primarily assembly operations with some

machining.
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The leads from transformer coils are brought out
through glass or 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 thelr size and construction depends
on the voltage of the transformer. High voltage bushings
have porcelaln shells (obtalned from outslde vendors). The
core conducting rod of the bushing is insulated with resin-
treated paper; the assembled porcelaln shell and rod is
£llled with oll.

Lightning arresters are similar in app@amaném o
bushings and consist of a porcelaln shell (ﬁx@m'@utmldm
vendors) f£illed with insulating pellets that have been made
of varlous substances (lead tetraoxide, silicon carblde and
zine oxlde) over time. Operations include machinling metal
parts, pellet manufacture and assembly.

The tanks into which coil and core are ultimmtmly—
placed as well as other mechanical components such as
radiators and coolers are manufactured in the Tank Shop.
Operatlions include numerous machining operations on steel,
welding, cleaning and degreasing, 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 addlition of radlators.
Larger transformers require radlators with the largest power
transformers needing separate coolers and forced clrculation

of oil.
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The core and coil and other internal components are
assembled together in Internal Assembly. Operations include
brazing, soldering, wiring, clemping, drilling, and glueing,
In External Assembly the core and coil unit is "tanked", the
transformeyr f£illed with 04l and secaled, and the unit is
tested., In the past transformers were f£llled with elther
10¢ oll, a high-grade mineral oll, or, for applications
where fire hazard was a concern, pyranol, which ls
nonflammable. Since 1976 silicone o1l has replaced pyranol.
Interviewees at GE estimated that pyranol was used in 10-30%
of the transformers manufactured, primarily in small to
medium power transformers used In enclosures (underground,
In buildings, locomotives, etc.) The GE Marketlng
nmpartmwnt estimated that 15% of the unlits in Power
Transformer and 5% of the units in Distribution Transformex
were pyranol £illed.

The 0il in a transformer serves b@ﬁh to cool the
apparatus as 1t clirculates (as it galns heat 1C rises up
through the coils and core and then sinks as it transfers
heat to tank walls) and to insulate the colls. The core and
coil assembly and oil must be moisture-free, for as little
as 8 ppm of water reduces the lnsulating guality of oll to
substandard. Therefore, the flrst step in External Assembly
is “primary treat® of coll and core in which the unlt is
hﬁmtud to 1100C under wvacuum 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 1s terminated. The coll and core are adjusted
for shrinkage and then placed in a transformer tank which s
filled with oll to impregnate the unit. O©0L1 is then drained
from the tank and the assembled transformer undergoes
"secondary treat", l.e., a second evacuation to remove
water. While stil) under vacuum, the transformer is
refilled with oll and then sent to test., Large txanuﬁmrmﬁrﬂ
are usually drained of oil for shipping.

The manufacture of distribution transformers ls simllar
to that of power transformers, the major difference belng
the structure and joining of core and coll. The ¢6m¢ of a
GE distribution transformers ls made from silicon steel
ribbon which is colled around preformed colls automatically
by a machine which winds the steel spirally through the
windings. Thus, core bullding and core and coll assembly
are really one operation called “lacing". Other major
operations are similar, Iﬁ is estimated that 25% of
distribution tranaformers were £illed with pyranol. Other
types of transformers have been manufactured at Pittsfield
including different types of regulators which function to
maintain constant voltage under varying load conditlons and
concrete reactors used in steel mill furnaces. Pyranol was
used to £111 a small percentage of regulators; concrete
reactors are alr-cooled.

petalls of all GE operations are presented in the
Operation Descriptions Book (see Appendlx) which contalns an

operation description, list of all major and most minox

w
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chemical exposures, and bullding hilstory for each operation.
The informatlon ls summarized in two tables, Table 2-~9
lists the major exposures of eact operation grouped by
whether ox nﬁt they were coded or rated for the BExposure
History £ile. For each chemical Table 2-9 also lists
information on how the chemical was used and the extent of
usage., Table 2-10 summarlzes the distribution of coded
chemicals by operations for ecasy wimuulimmtmmn of which
operations used any of the seven coded chemicals. Table 2-
11 presents number mmﬂ percentage of Job-bullding palrs in
the Phase I Exposure History Database that wmr@lmutumlly
rated f£or the seven exposures. Forty-two percent of the
4477 jobs were rated for pyranol, 29% for benzene, 9% for
trichlorethylene, 64% for solvents, 20% for machining
flulda, 15% for asbestos, and 9% for phenol-formaldehyde
resine (Thmﬂw percentages, of course, do not reflect
actual exposure-years which will vary with an Individual's
Job history).

Table 2-12 lists the exposure rating scales used in the
analysis. For analysis, the original rating scale wag
sometimes collapsed depending either on the detall of
exposure Information available or the nature of the

exposure.

Pyranol
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Pyranol was used as a transformer o1l €£rom 1836 to 1976
in Power Transformer External Assembly (Operation 17),
Distribution Transformer mﬁﬁmmm1y (Operation 26), and
Regulators (qurmtlun 25)., It was used to impregnate and
£111 capacitors (Operation 41) in bulldings 42 and 43 from
1936 to 1942 when capacitor manufacture was moved to another
plant. 011 quality was monitored in the Laboratory .
(Operation 49); oil was recelved, stored, filtered, and
pumped to bulldings from the "0{l Farm" (Operation 38).
These operations were the major operations in which exposure
to pyranol occurred. In addition, certain jobs In
Construction (Operation 33), Area Maintenance -~ Crane Repalr
(Operation 32), mhd Materlals Reclamation (Operation 34) had
occasional exposure to pyranocl and were rated accordingly.

In the Power Transformer Division, Internal Assembly
(Operation 16) and External Assembly (Operation 17) occur ox
have occurred in the same bulldings, speciflically bulldings
1, 2, 3, 12, (8everal Interviewees {nitially reported that
pPyranol might have been used in ansembly bullding 100 but
company records subsequently showed that there was no actual
use in the bullding.) ALl of transformexr assembly bulldings
are wvery large (Erom 400 to 1150 feet in lenqth) in which
internal assembly operations start at one end of the
building followed by external assembly operations at the
other end. Cranes or mechanized assembly lines (for smaller
transformers) move the transformers ln varlous stages of

completion from one operation to the next. Pyranol is

s
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pumped directly Into External Assembly areas where hoses arxe-

used to £11) and draln transformers. uUse of hoses has been
described as frequently careless. Pyranol would get on
hands, ¢l t:i‘t‘.]hti’L ng, and In shoes from handling hoses, soaked
parts, and from entering drained transformers during
adjustments and £inishing operations. Pyranol was never
used directly in Internal Assembly areas but interviewees
Judged that workers in these areas would have had some
exposure. All workers in Internal Assembly areas have been
given a “0.5" pyranol exposure rating.

After Capaclitors moved out of buildings mﬁ and 43 in
1946, Llghtning Arresters (Operatlon 28) was moved Iinto thé
areas in which pyranol had been used. The pyranol exposure
In Capacitors has b@en described as very high hmuﬂ@mm
fmpregnation regquired heating of the pyranol soaked
capacitors. Residual alrborne PCB surveys conducted in
1976-1979 showed alr concentrations in building 42
comparable to power transformer and regulator assembly areas
(in which pyranol use was terminated in 1976; see Table 2-
16). all workers in Lightning Arresters have consequently
been assigned a "0.5" pyranol exposure rating for the perlod
1946-1983,

Unfortunately industrial hyglene surveys that could
give actual exposure levels for different Jjob
classifications were not avallable £rom the perlod of
pyranol use, 1936 to 1976. In 1978 and 1979 residual

alrborne PCB concentrations were determined in many areas of
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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 K& Rosenman looked at serum
PCB levels in GE Pittsfield workers, GE family members,
regidents in PCB-contaminated areas, and residents in non-
contaminated areas. “The GE workers with the highest serum
PCB levels (greater than 100 ppb) all worked ln areas
ldentified by our interviewees as pyranol use areas,
speclfically bulldings 12, 42, and 26. wWorkers in bullding
14 and 17 had serum PCB levels hlghexr than non-GE workers
but less than 100 ppb. These bulildings were not tdentified
as pyranol use areas (except for infreguent repalr of
returned drained transformers in building 14). Not enough
detall i3 presented Iin the paper reqaxding how the subject's
Job category was selected (l.e., whether most recent job or

majoxr Jjob 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 studles from the Japanese
literature were not Iincluded 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 signiflicant
increased cancer incldence in a human population. Previous
studies, in general, have used less speciflc exposure

assessments resulting in less power to detect relationships
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between disease and exposure. Studles by Bahn et al (1976) <,t£
and Brown and Jones (1980) have been suggestive of (ncreased

me lanoma and pancreatle cancer and rectal and liver cancer
respectively but latency periods In both studies have not

been long enough to adequately assess outcome.

For informational purposes data avallable on GE
Pilttsfleld PCB serum levels are presented in Table 2-14 (KD
Rosenman, 19680, 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
studles discussed above. In addition, for qmnmmﬁl

comparative purposes, Table 2-15 presents serum PCB levels

in the general population (study conducted in South
Carolina).

Unfortunately the GE Pittsfleld workers selected for
sexum PCB determinations do not in any way constitute a
representative sample. Tm@ntywﬁivm of the 43 vorkers were
m&@hmmm of a retired workers councll; informatlion on the
date of last exposure or duration of exposure is not
presented. Workers with serum levels above 100 ppb did work
in areas identifled 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 from reported blood levels of this small unrepresentatlive
sample.

Bixn studles in the literature have measured

occupational PCB alr concentrations and are listed in Table
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2=13. Flve measured alr concentrations during capacitor
manufacture and one during transformer maintenance. Nelther
type of operation is comparable to transformer manufacture
and themmﬁmtm cannot be used to estimate exposure levels at
GE Plttsfield. Table 2-16 summarizes the only available
information on PCB alr levels at GE Plttasfleld. These
Industrial hygliene surveys were conducted 2 to 3 years after
PCB use terminated and so represent residual alr levels,

PCBS can be absorbed through the skin (Nlshizumi,
1976). The relative importance of skin absorption versus
inhalation as routes of exposure to PChHs 1s unknmwh though
Lees et al. (1987) have suggested that Che dermal route ls a
major contributor. In a capacitor manufacturing plant,
Maroni et al., (1981) found that PCB alr levels ranged
between 48-275 ug/m3, workroom surface and tool
contamination ranged betwaen 0.2-19%9 ug/cmi, and skin
sontanination (palms of hands) ranged between 2-28 ug/cm2.
In this environment, Maronl et al. felt that skin absorption
wWas thm1wmm£1mmmwmmnt'mmmmmnm:mmmt@m

one major complication in our study lies in the fact
that pyranol is a mixed chemical exposure in and of ltself.
Pyranol is a GE trademark and is composed approximately of
S50% PCEs (a mixture of PCB lsomers but mostly
hexachlorobiphenyl), $08% trichlorobenzene, small amounts of
phenoxypropene oxides (<0.25%), and trace amounts of
dibenzofurans., According to technical Information at

Monsanto (the former UB producer of PCBs), batches of
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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 varied from
45~-80% between different batches. Sometimes a mixture of
trichlorobenzene and tetrachlorobenzene was used.

The toxicology of the various PCB mixtures has been
extenslvely studied In animals, Excellent r@vLeWﬁ are
provided by the 1977 NIOSH Criterla Document and Letz

(1981).

Bentene

F@m'm period of time, benzene was used as a solvent in
various departments thmwmqhmmt.thm plant for genexal
cleaning during machining and assembly operations (see Table
2-10). It was used to wipe down machined parts in
fabrication operation, to clean parts before £inal assembly,
and to c¢lean tools and hands.

The use dates for benzene were estimated to be 1920 to

1950, plant-wide. The year of last usage was averaged from

estimates of several interviewees: the estimates ranged f£rom
1945 to 1955, Four of the 18 interviewees started work In
19308, 10 in the 1940s, and 4 in the 1950s. Most of the

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

year(s) of final usage in the different departments.

Therefore, a plant-wide mean estimate was used for all
@pmmntimnm_‘

The start date for benzene usage was based on two
sources: one interviewee and general Industry use patterns.
One lntemvluwmm (who started work at GE Pittsfleld in 1942)
felt reasonably certaln that benzene usage went back at
least to 1920 based on the recollections of former GE
workers (includling his father) whom he had known. In his
own exposure rating system, he coded benzene exposure back
to 1920 since he folt he had no information on exposures
before 1920,

The use of benzene as an industrial solvent began in
the 18808, The first cases of chronic benzene polsoning
(aplastic anemia) were reported in 1897. After world war I,
the use of benzene as a solvent increased in most industrial
countries. It is now impossible to determine whether
benzene was used at GE Plttsfleld before 1920. The more
conservative approach was therefore chosen for the exposure
assessment: benzene exposures were not coded prior to 1920,
Please note that the degree of mmmﬂmtainly about dates of
use was greatest for benzene exposure ratings, The usage
dates of the other coded exposures were known with much
qmmatem certalnty. The ﬁtmﬁt dates of the other exposures
frequently corresponded to changes in technology or

bulldings, for example, about which there was excellent



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 ratlings. (The pyranol exposure
rating scale had an extra category (1,2, or 3) because
pyranol exposure contlinued untll 1976 and more rellable
discriminations could be made between Jjobs by the
Interviewees),

Regarding the jdentity of the solvent “b@nﬁ@nmwﬂ there
was generally good agreement among interviewees that what
was used was benzene. Two interviewees remembered
occasionally seelng the Cerm "benzine®, The term "benzine”
generally refers to a petroleum distlllate fraction (also
called petroleum spirits oxr VM and P Naphtha). The term
beﬁm@nm has not genermlly been used to refer to petroleum
apirits., Petroleum splrits are more likely to be marketed
undeyry the name of petroleum spirits or VM and P Naphtha.
Research in issues of the Thomas Reglster (a 1? volume
compendium of U.S. suppliers of industrial products and
services, issued annually) back to 1920 showed that
suppliers were much moxre likely to market products called
"hepnzene” or "naphtha” than benzine. For example, in 1930,
about forty suppliers were listed for both benzene and
naphtha while about five were listed for benzine. Based on

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

other constituents and ewxact compositions can not be known.

Trichloroethylene

The solvent trichloroethylene (TCE) was used primarily
in six operations throughout the plant (see Table 2-10).

Its use wag almost always in degreasers and, as a result,
exposure was comparatively restricted: fewﬁm"thmn‘iﬁw of
Jobs were rated for exposure to TCE (see Table 2-11).

The use dates for TCE varled with department. It has
been phased out of most departments over time and muplab@d
with 1, 1, 1 trichloroethane primarily or methylene chloride
in a few cases. The last year of use ranges between 1960
and 1977. The start date was somewhat uncertaln:
interviewees remembered TCE use In the late 1930s and 1940s.
Industry wide use increased dramatically in the 19208 and
19308, Based qm'thmmm considerations, 1930 was chosen as
the plantmwﬁdm beginning year of use.

The exposure rating scale for analysis was chosen to
be consistent with the solvent rating scale used for benzene
and other solvents. The rating system used was therefore 0,

”

1, and 2 where 1 eqgualed lndirect exposure and 2 equaled

direct exposure,

IL1-13
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0f all the solvents reportedly used, TCE was chosen to
be rated in this study based on the following reasoning.
Flrst, it ls m‘MmemiMMmmm.cﬂkmﬁnu@munﬂ“ﬂmtmmtmamm‘mmmmm;
organ in @nﬁmalm as PCBs: the liver. In a study of PCB
exposed capacitor manufacturing workers by Brown and Jones
(1961), those workers exposed to TCE were excluded from the
study to eliminate confounding carcinogen exposures. The
number of workers actually exposed to TCE in that study was
very few and did not permit statistical analysis of TCB
contribution to outcome. In our study, the, number of

exposed jobs appeared large enough to permit analysis.

Other Solvents

The category "other solvents® includes almost all other

solvents used at the plant with the exclusion of the
following: benzene, trichloroethylene, ethyl alcohol,
mmmMMLJMNWMmlw and acetone. It includes: varsol
(petroleum spirits), CPE 1000 (petroleum mpimltu Plus
methylene chloride), methylene chloride, kerosene, palnt
thinners (primarily xylene/toluene based), solvent based
palnts, xylene, toluene, and naphtha.

Some type of solvent exposure occurred in the majority
of operations (see Table 2-10). More jobs were exposed to
solvents than any other exposure: 64% of Job bullding palrs
were rated as having solvent exposures (see Table 2-11).

Solvents were used for general cleanling in machining and
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fabrication operations, and for palnts and palint thinners in
painting operations, as well as various speclallized uses
around the plant (e.q., kerosene treatment of core and coll
during assembly; dle cleaning in Wire Mill). Since 1950
varsol and CPE 1000 have been the primary cleaning solvents
at the plant though individual departments frequently use
addlitional solvents. Before 1950, a varlety of
splvents was used. The speclific types of solvents uwsed by
departments before 1940 was not obtalnable from interviewees
or plant records. A variety of solvent based pajnts and
thinners were used In palnting operations (m@xforﬁmd
primarily in operations 13, 15, 23, and 25 with touch-up
painting occurring in operations 15, 17, 24, and 26). The
paints used were primarily “aIMyd resin® paints; many were
lead-based. Nelther the interviewees nor plant records
could provide much detail on exact composition over time.
Glven the uncertainties In characterizing the varlety
of historical solvent and palint exposures, including exact
composition and the presence of benzene or suspect
carcinogens, a general petroleum solvent exposure category
was established., The same rating scale (0, 1, 2) used for
benzene and TCE was used to analyze solvents. Plant-wide
usage dates were 190) to 1987. The nature of the light
manufacturing operations at GE Pittsfield has been
sufficlently stable s¢0 that interviewees were certaln that

solvent use had extended back to 1901 in most departments.



Machining Flulds

Machining fluids are used in various departments for
machining and fabrication operations (see Table 2-10).
Plant~wide use dates are 1901 to 1987. Varlous types of
machining £luids have been employed over time, The basic
use trends were as follows: stralght mineral olls were used
ex¢lusively until the 1940s; soluble olls were introduced in
various departments during the 19408 and 195@m; synthetic
machining flulds were introduced in the 1970s. Currently
soluble and synthetic olls are primarily used with very
minimal usage of stralght cutting olls,

Inﬁmzm&tiun on exactly when soluble and synthetic
coolants were introduced into different departments, the
exact composition of these fluids, and the relative
quantities of different types used over time was not
avallable from lntexviewees or plant records. For these
reasons, 4 single exposure category of "machining €lulds®
was created., For analysis, the ratling scale was collapsed
to 0 and 1 where 1 was defined as indirect or direct
exposure. Given the heterogenelty of the nature of the
exposures, an exposure rating scale with more categorles did

not seem justified.

Asbestos



Asbestos was used in a number of operations (see Table
2-10) in two ways. The asbestos exposure in the majority of
operations came from the use of woven asbestos blankets
(used wet) as insulatlon during brazing or welding. For
example, asbestos blankets were used in Coil Winding during
the brazing of wlre lwmdﬁ to cover the body of the wire coll
and prevent damage to wire insulation. This is generally
conasldered a falrly low asbhestos exposure. Jobs in
opecations 1, 9, 16, 17, 18, 25, and 26 had what constituted
& low asbestos exposure from the use of woven mmbmﬁtam
blankets. Asbestos blankets were used in these operations
from 1940 to 197%,

Asbestos was used to make some pleces of insulation in
BT Insulation during the wﬁmléd 19501965, It was also used
to form one type of cylinder in Tube Rolling between 1950~
1960, Bome Interviewees reported thmﬁ asbestos tape was used
to insulate some types of wire in the wWwire Mill between
195vm19v03 however, product speclfication records do not
indicate that asbesteos was used. Though the asbestos
exposure in these operations was higher than what occurred
with the use of asbestos blankets, 1t was far more
intermittent and occurred owver much shorter time perlods.
For example, only a small percentage of the total number of
insulation pleces wae made from asbestos during the period
1950-1965., (Note that the Jobs in a given category 1in

insulation would be rated as having potential asbestos
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exposure for thhblmmﬂmMIewmn‘thuwmn«wumrm{pmrtmwn1mﬁ1mw:69ﬁw
workers would be exposed at a given point in time).

Since the overwhelming majority of asbestos exposure
wag a low lﬁvml exposure from use of asbestos blankets, the
rat.ing scale used for asbestos exposure was 0 and 1 where
"1 equaled indirvect or direct exposure., Desplite the
uncertalnties about the freguency and levels of exposure in
PT Insulation, Tube Rolling, and Wire MI11l, a "1" rﬁminq
constitutes, for the most part, a low asbestos exposure in
thlis study. Asbestos was also used in GENAL manufacturing
bul workers were not coded £for ashestos since 6pmmmtmmnu had
been shut down 10 years previously and no Interviews were

teasible.
Synthetic Resin Systems

Emwmmmmmmﬂmmmnwhwn@l formaldehyde and polyvinyl formal
renln systems occurred Mm:mwumncwmmmtmwmw\Mmmwlmmm'lﬁmbmm
and described in Table 2-17. M variety of different resin
systems were uged in these operations - primarily phenol
formaldehyde resins (PT Tube mmhkuwh.EW'CmmmEWMMmmmmmmmw
PT Inuulmtmmn”'91m$t1ma» and polyvinyl formwal resins (Wire
Mil1l). Exposure to decomposition products of Formex
polyvinyl formal resins (formaldehyde, phenol, cresol)
occurred during brazing in PT and DT Collwinding.

geveral IH surveys have measured exposures to phenol,

forwaldehyde, cresol, and aniline. In addition, exposures
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to other constituents of the resin systems probably 2,

occuctred. Information on all constituents of all resin
systems was not rigorously sought in this study but probably
could be obtalned.

Formaldehyde is a known mutagen and animal carcinogen.
It produced nasal cancer after inhalation exposure In rats
and mice in two separate studies., The available
toxicological Information on the rest of the known exposures
I 1limited, Aniline 18 a mutagen and produced neoplasms in
rats after oral administration for 29 weeks at a dose of 50
mg/kgs its IARC classification is indefinite mmihml
carclnogen., Phenol i3 a mutagen and has produced skin
cancer in mice in two separate studies. Cresol has produced
skin cancer in mice in one study. Hexamethyltetramine s a
nutagen,

Given the heterogeneous nature of the resain system

exposures, a rating scale of 0 and 1 where 1 equaled
indizect or direct exposure was used., Use dates depended on

department and are listed in Table 2-17.

Other Exposures

This section discusses other exposures at GE Pittsfleld

which were/are relatively widespread, i.e., used in several



operations, but were not rated by interviewees. These ;5;'
nonetheless could be studled by performing an analysis by
operation, Job title, or building.

The first exposure ¢lass is that of metal fume and
dustl. Exposure to metals occurred in numerous welding,
brazing, soldering, machining, painting, and plating
operations throughout the plant site. By and large the
overwhelming majority of exposures were Lo iron and iron
oxlde In machining and welding operations and copper dust
and fume in machining and bruzing operations. However, some
staeinless steel parts are welded In transformer wmmwwblyw
Several Industrial hygiene surveys during 1975-1980 have
sampied for nickel and chromium. Nickel levels ranged
betwean non-detectable o 0,015 mg/m3, chromium levels
betwaen 0.014 to 0.02 mg/miI. One IH survey in transformers
sampled for beryllium during aluminum weiding; levels were
non-detectable. Beryllium has been most frequently used in
Ordnance systems (lewvels not avallable). Cadmium (0,003~
0.015 mg/m3) and lead (0.029 mg/m3) exposures have been
found during copper brazing in Bushings. Chromium (0.02-
0.05 mg/md) and nickel (0,03-~0.07 mg/m3) exposures were
found In a metal spraying operation in the Tool Room.

Bxact information on all metal alloys, electrodes,
ﬁmld@mw” and fluxes used at ik Pittsfield was not sought in
this study and would be difflcult, 1€ not impossible, to
obtain. All interviewees and the IH Department agreed that

exposares to exotic metals were not signlficant. However,




1f deslired, an analysis could be done using job titles - .7 _~
Jobs in 5500 series are brazers and those in the 5700 meries
are welders (see GE Job Code Book).

Metal exposures have also occurred in painting
operations: lead, chromate, and zinc based plgments have
been used in several operatlons. The actual extent of usage
s unknown but probably considerable. Analysis could be
done by operation (all Jobs in operations 14 and 23) and by
Job title (5100 series).

There are several woodworklng shops at the plant. An
analysis could be conducted either hy‘nw@mﬁmnmn‘(opmwmtlmn
numbezs 6 and 20) or by Job title (sexies 5900 and €100).

buring testing of transformers (ﬁ@@h manufactured
transformer s tested under rated load and mmtgw condltions
before shipment) and development of transformers in High
Voltage Lmbmmatmwyw workers and engineers are exposed to
electrical and magnetic flelds. At least one report
(Milham) has observed Increased leukemia in workers in
wmwbmma«Mmmmmmﬁunm«mmmmmmltm(m1@QMrmNMLamﬂ magnetic
fields. This could be analyzed by Job title (sexrles 1700)
and operation (39).

Finally, exposure to numerous types of adhesives ls
widespread at G5 Plttsfleld, ucumntimg in at least 19
operations, Water, solvent-based, and epoxy adhesives have
been used at GE. Exact ildentification of different types
was not possible. The most common type used has been

"Glyptal®, of which there are two types: polyvinyl butyral
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and phenolic resin in acetone-alcohol and mmllulmm& acetate
in acetone. It ls likely that the primary exposure from
adhesives 18 the vehicle, Most resin systems have high
molecular welghts and probably do not constitute a wmajor
alrborne exposure. In the case of epoxies, some exposure

might occur to small molecular welght reactive diluents ox

unreacted epicholorohydrln but “epoxies" have been the least

used class of adhesive at GE Pittsfield, Most of the Jobs

using adhesives were also exposed to petroleum solvents and

have recelved a solvent exposure rating. Exact information

on type of adhesive used by Job is not mwmilmbl@f An
analysis could be done, with considerable uncertainty, by

operallon,

=40
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] Table 2=1

Examples of Categorical Exposure Rating Scales

Exposure Classi fication Assignment Criteria

A. Arp et al. (1983

Frimary banzene Direct routine use or

handling

Secondary benzene No direct handling bat
henzens used in work area

Frimary sblvent Diremt routine use or
handl ing
Secondary solvent No direct handling but
. salvents used in work area
B, Waxweilear (L1381) .
i No exposurs

Minimal exposure to low levéls (Chemical in building -

not handled, low vapor pressure and duse level, probe.

bly warks on different fluor)

Moderate exposure (Warks around the chemical, hat

exposure is minimal)

; Works in areas where subject to oceasional high excur-
siuns (Normally exposure is minimal but accuasionl

spills, leaks, or dust exposure may occur

o

et M s
.

4
i 4 Warks in areas where level is high (Exposure levelsin
‘ - the area are {requently high. Might consider that some
i , rizk is involved if chemical is very toxic)
35‘ H Intimate contact--skin or high inhalation (such as poly
: cleaners, handling slurry)
C. Kromhout et al. (1987
2 1 = No exposure No contact; chemical is present, but this task is not involved
i 2 = Minor exposure Minor contact; chemical is handled in a closed system; there are no
i{i‘ special activities in this task, which enhance exposure; exposure
@ takes place because of presence in this department
ik . . \ . . . T
3 = Medium exposure Varying and mainly passive contact; chemical is in a closed system,
but now and then handwork is needed through which exposure is

erhanced
Regular contact; because of the character of the production process
and necessary handwork, regular contact is required

a
i

= High exposure

2=45
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Table 2~2

CONSTRUCTION OF JOB-EXPOSURE HISTORY DATA BASE

WORK HISTORY
DATA BASE

ldentify unit
operacions

Identify job
titles

Construct job
descriptions
and codes

Construet indi=
vidual work
historias \

{
Rate job titles

EXPOSURE MI1STORY
DATA BASE

ldentify unit
operations

Identify chemicals
memprﬂsmmmi
|
UMmmﬂMtWH;mme
tial exposures

Select relevant
exposures

for potential
exposures

Assemble exposure

h
S

istories for
tudy individuals

2=46




Table 2-3

UMMC Evposure Rating

Exposure Rating

No exposure

Indirect exposure

: Direct low ar
infrequent exposure

2, Direct medium
high exposure

to

-9
/

S

Scale
Criteria

Assignment

No exposure 4o

Chemical in work Bt
does not work dire

with chemical

araea

t1l Y

Works directly with chemical
but exposure is low or infre-
guent .

Works directdy with chemical
at medium to high levels an
a routine basis




Table 2-4

EXTERNAL VALIDATION: INDUSTRIAL HYGIENE SURVEYS OF RESIDUAL
AIRBORNE PCBS

Building Surveyed

Laboratory
Power Transformer Assembly

Distribution Transformer
Assembly
Regulator Assembly

Tank Fabrication (Bldg 33)
Capacitor Fabrication

Scrap and Salvage

Air PCB level,
pg /m3

‘ﬁ\ » 3
4,6
Th, b
ﬁ’ a 3’

0.5

2-48

Building identified
by interviewees as
PCB use area




Table 2-5

Agreement Betwaeen Interviegwess On
Job Title Ratings

JOHUY @ Fercent Fercent
Ildentical One FRank
Fating Difference Difference

..... =y

Fyramel a0 Y, 3
EBenzene (E 13 " 3

Trichlaorcethylene ey S . 1

Solvents 70 o3 7
Ashestos 98 4 1
Fesin Systems 98.35 1 0.5

[ -

Machining Fluids S bl 3

2-49



TABLE ‘)""'  QPERATIONS OF

HSPH CASE/CONTROL STUDY.

HSPH ASSIGNED
OPERATION NUMBER

1l

12
13
14
1%

]Lfi
17

18
19
20
21

22
23
24
25

26

27

OPERATION (GE COMPONENT NUMBER)

POWER TRANSFORMERS

Coil=-Winding 1»Ih1'5lﬂl)

Tube Rolling (53
Wire Mill (5350

PT=INTERNAL COMPONE

JI%U)

NS

Annealing

Core Fabrication and Core Building
{5450, 5451, 5454, 54%6)

Woodworking (5455)

Insulation (5461, $462)

Cables (5463)
Copper Fabrication

(5464)

Load Ratio (5481, 5482)

Pr-MECHANTCAL COMPONENTS - SMALL
PARTS AND LARGE COMPONENTS

Fabrication: Structural Steel, Sheet

1 Operations,
21-5526, 5551)
led:mq 5521,
Radiators (5520)
Painting (%5521, 552
Tank Test, finish,

and Machining

5524, 5551-5553)

4, 5552, 5S585)

asgsembly (5554,

PT-TRANSFORMER ASSEMBLY

Intemal Assembly

5638, 5639, 5680,

(56.20~56.24)
External Assembly and Test (5630~

85681)

DISTRIBUTION TRANSFORMERS

Coil Winding (5721)
Insulation (5722)
Woodworking (5722)
Pabrication: Core-

-cutting, tank

5558)

5636,

fabrication, wachining (5723-5725)

Welding (5724, 5725
Painting (5724, 572
Tank test and finis
ML=~32 and Induc

(57415743, 5752,

Lacing {core-buildi
Inspection (5751,
(5726)

Concrete Reactors

2=-50

rol

)

25)

sh (5724)
Regulators
5753)

ng), Assembly
57%4, 5780}

S
At A7)
e




OPERATION NUMBER

QPERATION (GE COMPONENT NUMBER)

28

29
30

31

PROTECTIVE EOUIPMENT

Lightning Arresters (5841l-585%, %870,
58680, 5890,

Bushings (%900-5990)

Cutouts (5856)

OTHER OPEATIONS

Area Maintenance - Tool Room and
Machine Shop (5298, 5299)

Area Maintenance - Instrument and
Equipment. Repair; Crane, Elevator,
and Motor Repair (5291-529%)

Construction (5037-5039)

Transportation and Materials
Reclamation (5020-5025)

Cleaning (5026)

on and Gas Plant (5029-5033)

Process Control: Chemical

Storage and Mixing

0il Farms

Righ Voltage Lab

Mg Manufacture

Capacitors

Ploto Dept/Multilith Operation

Medical

Ordnance

Phenol Plant

Plastics .

PT Plating/Galvanizing (Bldg 41)

Laboratoy -

Engineering and Drafting

Shipping/Receiving

Plant Protection

i
Y/



m
bt . o
G el
&b dd

(ST
o4

(SN

Q

@

(e

Q

Q

ho)
)

i
e

n

[+

]
o0
wd oo
1
(SIS
[ V]
07 &
~ Q
[« A X3
3+
o

Kl dd
o=
el ]
Pl
"N O

el -;"'
.
V4 L__}'




el Y
QW
[ § PN
el O "o
Lo =4
[ T
&
[ 1]
[T -t

x4
() o

) Ay eed

i [
o i Ue}
- k& - e
O [T} 3
el U W a
4 PR
tn el 0 o
[~ V-] [7a} & Lol
e o ol o e WoQ [ =
b ] b et wl Q) oy el [/
] eyt ‘Jﬂa[ = A el Qo 4 by
bl vy ) [+ A " oooa L
[ b > Y ()] [o 0 I T PO A P I - "
o Y| 3o oW [T ] wd
14 W @ [V L= B s T o] = IR S I o IR R R ]
sl by O oML e M) el NS eef L3 e
] Q O oo Qg W oW oW O o A (e
Q %] o Q)OO e % O R Ee
el
"
£
Mon
@ 4 [
PV > g
[+ ol (D)
[ &g
Q O G
ML W e
-l Y W E &2 A
ot Il L O o o [}
) Q & () bt (i a
(@) (@] Q [+9 fa

2=53




,4’::'}

’;n-—t;; 'f’*‘ A

A

"o _”-- ~ . Y v " 3 9 3 e, . . o
Table 2=9 Compunds of Toxicological Interest at GE Pictsfield:

Explanation

Exposure Estimate Key

ﬂp«

l. "Level” - refers to average exposure rating assigned to job titles in ‘
operation.

Definitions: Le=indirect

low or direct low or infrecuent exposure 4
M=H = direct, medium to high level exposure

2. "Extent of Usage" - refers to number of jobs exposed within an operati

on. i
Definition: 1l = minimal usage, less than 10% of job titles ewposed 1
2 = moderate usage, l0-50% of job titles exposed

3 = widespread usage, greater than 50% of job titles exposed

> =)

CPE 1000 - benzine plus methylene chloride

Glyptal - either polyvinyl butyral and phenolic resins in acetone/alcohol
or cellulose acetate in alcohol

GLy petal 1500 Thinner - xylene plus VM and P Naphtha

varsol -~ benzine or petrolews spirits

Note: benzine, petroleum spiri
constit
primar

L8, and mineral spirits are usually synonomous,
uting a petroleum distillate fraction of boiling point range 150-200°C,
ily Cg aliphatics. VM and P Naphtha is a petroleum distillate frac-
tion of boiling point range 95-160°C - primarily Ce
See Patty's, Jrd E

- Cyq aliphatics.
ition, Volume 2B, p.3370 for more information.

=54
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TAB LE 2-11 PERCENTAGE OF JOB-BUILDING PAIRS IN EXPOSURE HISTORY FILE ‘-‘;” /
i "

----------------- RATED FOR EXPOSURES,

: NUMBER OF ENTAGE
RATING JOB-BUILDING JOB=BUILDING
. PALRS PATRS

CHEMICAL

!
~

Pyranol 0 2600 58
0.5 860 19
1.0 756 17
2.0 174 4
3.0 87 2

Benzene 0 3171 70
1 950 21

2 356 8

Trichloroethylene 0 4088 91
1 333 7

2 56 2

Other Petroleum 0 1586 Tas
Solvents 1 1885 41

2 1034 ) 23

Machining Fluids 0 3566 80
1 911 20

Asbestos 0 3811 a5
1 666 15

0 4069 91
. -

Resin Systems 1 408 Q
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EXPOSURE RATING DEFINITIONS

Pyranol 0 No Exposure
0.5 Potential exposure from adjacent

igh exposure areas

1 Indirect E sure (chemical in workplace:
does not work directly with chemical)

2 Direct Low or Infrequent Exposure
(works directly with chemical but

, gposure is low or infrequent)

3 Direct Medium to High Exposure (works
directly with chemical at medium to

high levels on a routine basis)

or prior b

&

Benzene . o Neo Expasare
1 Indirect Exposure (chemical in warkplace;
does not work directly with chemical)
2 Direct Exposure (works directly with chemjcal

irrespective of level or frequency)

Trichloroethylene See Benzene Exposure Rating
Petroleum Solvents See Benzene Exposure Rating
T hestos Q No Exposure

1 Indirect or Direct Exposure
dchining Fluids See Asbhestos Exposure Rating

See Asbestas Exposure Rating
Resin Systems
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Table 2-13
RESIDUAL AIRBORNE PCOR

CONCENTRATIONS [N PITTSFIELD

DATE SAMPLED

217718

CONCENTRATTON.
LEVEL IN yG/M

7
6
6

9.

6

.9
-
.4
1
.6
i

Power Trans- 14-1
former Exter-

nal Assem-
bly

!J 4

Qutside 12

A
.2
.9
.8
6
.6
.1

Assembly

- ., . VALY
Distribution “y
Trans former

26~
“

Qutside 26

wd
N

3.2

.2

.6

DT and
Regulator
Assenbly.

AR

“ 4

l

L 4

wd

5. B

.5
.3
.8
.8
.3

DT Tank
Shop

33

[ ’!

Y/edris

L

N

P
x4

.6

Capacitors

e
42«
42-

42

af Vol ly

0

Scrap and
Salvage

" 2.0
425 : b N.D.
60 N O I~ ldcder 8/ 1/ 18 7.9
Qutside 60A >€Parotor 17.4
64X . 5.3

645
GaAW

.0
.4

3-1/2 Mi. N of plant W

Between 64X & 64W J 2.1
3/4 Ui, W of plant 9/eb/ 7y .y?
2 Mi, SE of plant .A;
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Table 2~1> Pittsfield, MA residents:

Serum PCB Level of Participants Divided
{nto Four Groups on the Basis of
Information Obtained on the Occupational
and Residency History Questionnaires

Median PCB Range

n (ppb) (ppb)
History of having worked 43 21.7 4.8-378
at General Electric
History of having lived 12 15.6 1.7-31.8
with someone who worked at
General Electric but no
history of the individual
ever working there
Residents of the contam- 7 8.3 5.9-14.1
inated neighborhood and
no association with
General Electric
Residents of non-contam- 9 6.9 3,2-17.1

frated nefghborhoad and
no assacfation with
General Electric

2-77

. .
——

> 20 ppb

23

5

Q

41.7

0
i

0



Table 2-16 Blood serum concentrations in general population

in South Carolina

Race and No. in PCBa Messureable Tn PCB Concentrations
Resldence Smaup le No. g Avek Max
ppb ppb
Rural black 107 5 4,67 NS 20,6
Urban black 151 57 37,75 S5.22 29.0
Rural white 192 119 61,98 5.12 16.6

Urban white 166 89

53.61

4,38

22.0

wAverage of messureable concentrations

Reference: Finklea et al. (1972)

2-78
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A, INTRODUCTION

In this chapter we present a summary report of our analysis of the
1969-1984 mortality data from the General Electric (G.E.) Picesfleld
facility, using exposure ratings supplied by Marilyn Halleck and Thomas
Smith (University of Massachusetts), as described {n Chapter II. Our
objective was to detect possible excess cancer risks associated with any
of the exposure ratings. This chapter summarizes our methods and
results, presents our epldemiologle interpretation of these results, and
offers some recommendations for further research. Technical devails of
our statistlical methods are given in Appendices III and V-VII.
Anmnotated computer tabulations of our data and our statisticel analyses
are given in Appendices IV-VII, An analysis of potential confounding by

smoking 1s glven in Appendix VIII.

B. MATERIALS
Subjects for the analysis were deceased G.E. employees who met all

the following criteria:

1) Had been employed at G.E. before Dec. 31, 1984,
2) Date of death was Iin the {nterval 1969-1984 (no pension records

were available for employees who died before 1969);

3 Death was reported to and recorded by the G.E. pension office
(benefits were avallable to next-of-kin of employees vested in the
pension fund, and next-of-kin of employees who died on the job),

&) Had a job-history record available for exposure rating.

Subjects were restricted to white males, because there were too few

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

requirements for G.E. workers varied over time, but for most of the

f»(ﬁr
/09



exposure perlod 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 111-1 provides & flow chart of entry into the initlal data
set. Note that the sgize of the employee cohort and the number of
persons passing through each step is unknown, except for the final node.
Work history records turned out not to be avallable for a large fraction
of the candidate subjects, especlally in the earlier years of death
(Table TII-1). We note that lack of job-hilstory avallability arose from
routine disposal of records by G.E. over time and from misfiling.
Possible blases arising from the selection process 1llmmmﬁmNMmﬂzhn:fig.
TI1-1 will be discussed {n the Interpretation section.

Afcer initial datea description, the followlng further restrictions
(summarized in Figure II11-2) were imposed on the 1,911 subjects:

'y To eliminate concerns with confounding or diagnostic error

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

2) All gubjects but ome stopped work at Plttsfield in 1946 or
lhtmm. 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,

0f the 1,821 subjects remaining after the last exclusions, those with
incomplete ratings had their exposures in unrated periods imputed from
the time-weighted average of exposures in rated periods. For example,

suppose a subject had 20 rated years, 12 of them at Pyrancl level 2, &




of them at Pyranol level 1, and 5 unrated years: then the subject was

imputed to have had 5 sdditionnl years of Pyranol level

[L2¢2) + &4(L) + 4(0))/(12 + & + &) = 1.4 (rounded te 1).
Legs than 28 of the 51,063 person-years of employment had theilr exposure
level assigned by imputation. Subjects had also accumulated 16,432
person-years of retirement.
WWM-MI'meMwﬁmMMMmmeﬂmuﬁWMMhsmmmﬂmﬁtoymw
history availability, and the distribution of deaths meeting the final
restrlictions among those with an available job history. The latter
deaths, listed {n the first column of Table III-2, comprise the subjects
for our analysis. A more complete tabular description of these data is

given in Appendix IV. (Ten included sub

ects were listed ags having two
primary cancers at death and were thus counted in two site-specific
groups; thus the total of the site-specific numbers exceeds the total
number of cases, which s 512.)

One hundred and seven nmoncancer deaths were excluded because of
conditions listed on the death certificate which we felt might be
related to exposure, and so would render them unsuitable as controls in

a cancer case-control analysis (see Fig. TII-2).

G, METHODS
The exposures and the method of rating individual subjects were
described in Chapter II (by Marilyn Hallock and Thomas Smith, University
of Massachusetts). Briefly, for the most common job sites at G.E.
Pittsfield, an industrial hygienist rated the site on qualitative scales

for the following exposures which occurred from 1901 to the end of the


http:PyiMi.no
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study, in 1984:

1) Pyranol: A transformer oil composed of 50% polychlorinated biphenyls
(PCBs) (& mixture of isomers but mostly hexachlorobiphenyl), 50%
trichlorobenzene (or a mimture of tri- and tetrachlorobenzene), less
than 0.25% phenoxypropene oxides and trace amounts of dibenzofurans.
The PCB content in Pyranol could vary from 45 to 80%.

2) Benzene: Used in various departments for general cleaning during
machining and assembly operations.

3) Trichloroethylene (TCE): Used as a degreaser.

4) Other solvents: this group includes Varsol (petroleum spirits), CPE
1000 (petroleum spirits and methylene chloride), methylene chloride,
kerosene, paint thinners (primarily xylene or toluene based), solvent
based paints, xylene, toluene and naphtha. Some type of solvent
exposure oceurred in the majority of plant operations.

5) Machining fluids: Used for machining and fabrication operations.
Straight mineral olls were £lrst used, then soluble olls and finally
synthetlc olls. There was usage of straight cutting olls.

6) Asbestos: Used as wet {nsulation blankets during brazing and welding.
Some insulation pleces were made from asbestos. Also used as powdered
additive in some resins operations (this component of asbestos exposure
was not rated).

7) Resins systems: primarily phenol formaldehyde and polyvinyl formal
resln systems. Asbestos was used In some resins operations as a
powdered additive.

The unrated exposures were:

a) Mineral oil (10c¢ oil), used as transformer oil.

/

‘,--~"
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a) Metal fumes and dust: exposure occurred during welding,brazing and
painting with metal based pigments.

b) Sawdust in woodworking shops.

¢) Adhesives: water-based, solvent-based and epoxy (those using
petroleum solvents are rated with group &)

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 analysis, which we did not carry out.

The levels for asbestos, resins, and machine fluld ratings were 0
= no exposure, L = gome exposure; levels for TCE, benzene, and solvent
ratings were 0 = no exposure, 1 « indirect exposure, 2 = direct
exposure; the levels for Pyranol zatings were 0 = no exposure, 1 =
indirect exposure, 2 « direct low or infrequent exposure, 3 = direct
medlum to high exposure. A rating of 0.5 for Pyrancl had been used
inicfally 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 hygienist who wonducted the exposure
assessment.  Individual exposure scores were computed from these ratings
entered in a job-exposure matrix and from the individual job histeries.

Inicially, we examined exposure scores of the form

score = I, wy X years spent at level fj,
where the weight w, could equal j for all j (“"linear score"), or could
equal J* for all J (“quadratic score*), or could equal 1 for all j at or
above a certain level and zero for all lower levels, in which case the
score Ls simply the time spent at or above a certain level. We also

exanined various categorizations of these scores. Each score was lagged
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by two years, 50 that exposures accumulated in the last two years huﬁmr@
death could not contribute to the score. This was done to minimize
counting exposures after onset of the disease that led to death.

We also examined binary indicators of exposure. For all but
solvents level 1, these were coded 1 = ever exposed, 0 « never exposed,.
Because most subjects had at least several years of solvents level 1
exposure, the solvent level 1 indlicator was coded 1 = over 20 years, 0 =
20 or fewer years of exposure.

For esch exposure score and cancer site lovolving more than 8
cases, we examined the crude and age-stratified wmmWirmwmmw;ihM)LP of the
two variables. We also examined a modiflication of the Mantel trend testc
(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 Appendin I and, in more detail, in
Appendix V) were subjected to further contingency-table analyses,
Including stratification on other exposure scores. Cancer sites
fnvolving 4-8 cases were screened using crude tables; sites fnvolving
fewer than & cases were not examined., For most analyses, certain sites
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 simllaricy, similarity of exposure
Tmmmﬂ%h.lMIibMM1|mr1fV'¢ﬂ diagnostic categories: Liver, gall bladder

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

"livbil"; buccal, pharyngeal, and laryngeal cancers were combined into a

single 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® (ICD8 200-202) and all leukemias were



combined (ICDE 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 puckmgé, which supplies both asymptotic and (where computable)
exact P values and confidence i{ntervals for category-specific odds
ratios, as well as tests for trend and homogeneity (see Breslow and Day,
1980, for a description of these statistics).

Llogistic regressions were also carried out imim@‘EGRﬁTmW
Exposures were screened for entry intoe continuous-variable regressions
using liberal inclusion criterim (for exposures, p < 0,15 and relative-
risk estimate above 1.5 in mmmmmmimm;umwdqmmuy;xmmalmEpwmdim‘V for
details). Age and death year were entered in all regressions displayed
below, and other covariates were entered when thelr inclusion altered an
estimate by more than 0%,

Some covariate combinations were exactly or nearly collinear. For
example, age at death always equals 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 eliminated birth year from further consideration,
sonsidered hire year only in combination with death year, and considered
duration of employment only in combination with year stopped 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 exposures were run twice, once

for each of two forms of exposures: Winsorized (pulled back to a maximum
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permissible value) exposures and original exposures. In our Winsorized ' "hw
analyses, the 97th or the 98th percentile of the control exposure
dtumribuxﬁun'mmﬁ used as the maximum permissible value. A large
difference between results frow the two regressions indicates the
presence of subjects with influential (leveraging) wvalues for exposure.

Selected associations in the modelling analyses were further
subjected to a formal induction-latency analysls. Exposure scores were
recomputed, using weights according to time before death. Appendix III
(sectlon G) and Appendix II give detalils of the welght function. In
brief, the funcrion used is unimodal and gives maxizum welght to
exposures at time # before death minus 2 years; 0. is the modal
induction-latency period. Different values of ¢ were employed in
formulating exposure scores, and the different scores so obtained were
entered in loglstic models. The resulting model log likelihoods could
then be compared to obtain likelihood-based estimates for #.

Several multiple-comparisons techniques were applied to our
results in order to obtain an overall summary of the degree to which our
findings fall within chance expectations. P-wvalue plots (Schweder and
Spjotvoll, 1982) were made of the baslc trend-test results and the basic
binary-exposure wwunile?].].iug; results (see Appendices V and VI). Euoplrical
Bayes estimates of the binary-exposure modelling results were also
computed using a ﬁmﬂiﬁﬂxmﬂﬁmmmcmﬁ'mmm technique presented by Thomas et
al. (1985); Appendix VII gives a summary of this method and presents the
results., Here, we present the P-value plots from the modelling results.

For further discussion of the study nmethods, see Appendix ITI.
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D. SUMMARY RESULTS 4 " /
Gontlngency-Table and Screening Anslyses
Since we examined thousands of contingency tables and most of
these tables lnvolved multiple strats and exposure categories, no
tabular summary of the purely categorical analyses seems practical. Key
tables are reported in Appendix V. Here, we limit ourselves to
descriptive tables III-3 to 5, which summarize the covariate and
exposure score distributions, and table III«ﬁ'mxble,wﬂﬂhﬂu:mmﬁmmrime
exposure distributions, separately for controls and for cancer sites
wicth more than 8 cases. We report results for selected dichotomous-
exposure indicators based on the following considerations:
1) There were too few cases with Pyranol time at level 3 or TCE
time at level 2 to allow meaningful analyses of these lewvels
as separate entities. Therefore, Pyranol levels 2 and 3
were combined into Pyranol level greater than 1 (gel), and
TCE levels 1 and 2 were combined into TCE level greater than
0 (ge0).
2) Pyranol level 1, benzene level 1, and solvents level 1 did
not show notable assoclations with any cancer site (except
Pyranol with pancreatic cancer); we note that level 1 for
these variables represented extremely low exposure. Also,
nearly everyone was exposed to some degree of solvents level
1, mmdﬁmlmﬂmmmIwmmmmwwmmmd,m.wmmjr]meumqmmmmmnm Therefore,
for these three varisbles, levels 0 and 1 vere combined into
a single reference level in tables I11-6 to 12. Analyses
were also performed using only level 0 as the reference

level (not shown).
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Most of the stratlified data analyses involved finer categorizations of / /(ﬂ

covariastes and multiple-level exposure categorizations. Since the
purely categorical analyses led to the same results as the regression
mmmlyﬂmmn‘lmﬂihmﬁ‘IIImﬁ to I1I1-12 summarize the exposure-cancer
lmmmmuimmimmm:nmﬂﬂu§1mmn«mﬂﬁﬁ'xmxﬂﬁbﬁmnmthMmd from the logistic
regressions including age, death year, and dichotomous (exposed/not
exposed) exposures. For comparison to the loglstic P values, we also
glve the P values from the age + death-year stratified Mantel trend test
using the continuous exposures, with 5 age strate (21-40, 41-60, 61-70,
71-80, 81-90) and 2 dmmmmNﬂmmmrxwmrmmm‘ﬂﬂﬁ%thNHNL.EUWTVMMH&Q). These
results were used to select variables for amalysis by continuous
logistic regression (see mext section and table III-13 for selections).
Rote that the dichotomous-regresslon results and the trend-test
results sometimes conflict. The most common cause of such conflict is
more controls than cases exposed but exposed cases more highly exposed
than controls (tm'Whimm;cmmma|ﬂma:mmgmm$$ﬂmm|xmmmﬂuui1mwmmmrtmmgmtiww:kmm:i
the trend test can be positive), or more cases than controls exposed but
exposed controls more highly exposed than cases (in which case the
regression results appear positive but the trend test can be negative).
Figure III-3 provides a plot of the 98 exposure-cancer P values
from the multiple-exposure regressions. The plot closely follows a
diagonal line, which {8 the result expected 1f all the underlying

associations are null. This result indicates that few, Lf any, of the

observed assoclations correspond to non-null underlying associations.
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Lentinueus. loplstic Regressions

Modelling was limited to the 14 sites with more than 8 cases. 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 Ldentified as important in these regressions pr
in the contingency-table screening, according to the criteria given in
Appendix V, were further modelled in a continuous form.

Table TIT-13 summarizes the odds racios (estcimated relatcive visks)
for the 97th control percentile versus no exposure, based on logistic
regressions using continuous exposures, along with age, death year, and
hire year. The 97th percentile was chosen because it was usually close
to the maximum case value at each site, and so estimates based on it
would be rough estimates of the maximum possible effect among these
subjects. Only the estimates, and not the P values, would change 1f a
different percentile was used. Note that the logistic regression
coefficient per unit variation of exposure can be obtained by taking the
log of the odds ratio in table II1.13 and dividing by the 97th.exposure
percentile in table ITI-5.

More extensive tabulations of the models we fit are given in
Appendix VI. Tabulated estimates include the 23 exposure-cancer
associations which yielded odds ratios greater than 1.0 upon modelling,

out of the 28 selected from stratified or the dichotomous-regression

analyses for modelling. Also included are associations of asbestos with

lung cancer and benzene with leukemia (selected on g priorl grounds).
We caution that the 23 results in table I1I-13 are themselves the
end product of a 3-stage selection process: Out of the 98 assoclations

in tables I11-6 to 12, 28 were selected for continuous modelling

/ ‘!'f
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according to the fnclusion criterion given in Appendix I; 23 of the 28 ‘/“ﬁ !
showed positive continuous associations; and the models presented in
table III-13 give the best £it among several dose-response combinations.

As a result of this selection process, the reported significance levels
nust be downwardly blased (L.e., the P wvalues tend to be too small) and
the estimates must be upwardly bilased. Furthermore, several of the

results (especially for benzene) are sensitive to {nfluential data

points, as indicated by the Winsorifzed P values given pmfanth@mﬁumlly in
the last column (see Appendix VI for coefficlents using Winsorized
exposure scores). Therefore, the “significant" results shoud not be
regarded as positive by the usual (e.g. 0.05) nmﬂﬁmnﬂhu;%ﬂmmynmﬁly
represent the most significant associstions gfter selection.

In comparing the continuous-exposure results Iin table III-13 to
the dichotomous-exposure results in tables ITI-6 to 12, we note that the
Pyranol - lymphomas, TCE-pancreas, solvents-orolx, and solvents-lung
mm&mnimtiwmm are greatly reduced in apparent importance in the
continuous regressions (in fact, the solvents-lung association becomes
slightly negative). For each of these associations, this discrepancy
may be attributed to the fact that a mmm*nkﬂﬁﬂmmf|mmmwmruiqp>mf cases
than controls are exposed, but the difference between cases and controls
in average time exposed is not as large.

In regresslons with multiple exposures, we attempted to enter
Product terms to check ﬁmm'demuﬂmmmmﬁ‘fmmm,tMm:]Jmmmmvdhmthnbu‘mmdmﬂ“
Where such terms could be fitted, none approached conventional (0.05)
significance levels and all had extremely large variance, no doubt

reflecting cthe small number of ceses available for all sites (except the

lung). Similar results occurred when we attempted to f£it quadratic
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terms for single exposures. We also modelled the resin-lung cancer L
assoclation using cubic-spline loglstic regression but again found no

significant departure from the linear-logistic model,

As mambers permitted, we alseo examined subtypes within the
compound sites of orolx, livbil, lymphomas, and leukemias. Most
subtypes had too few cases to produce any meaningful ({.e., significant
and/or unusually large) associstions. Nevertheless, the solvents
assoclatlion with lymphomas (lymphosarcomas + reticulosarcomas) was
entirely concentrated in the reticulosarcomas. In fact, Snmf the 6

reticulosarcomas were exposed to solvents level 2, compared to 654 of
1202 controls (56%), yielding a crude odds ratio of 4.2 and a (two-
clded) P value of 0.0l in an age-death-year stratified trend test.
Furthermore, all the exposed cases had at least B years of exposure.
Pyranol level gt 1 and benzene level 2 also showed associations with
reticulosarcoma (P = 0.02 and 0.04 in age-death-year stratified trend

tests), but both results were entirely atcributable to two cases who had

long-term exposures to Pyranol, benzene, solvents, and asbestos.

Inguctlon-latency. analyses

We used the induction-latency analysis method described in
Appendix IT and Appendix III, to further analyze the associations of
resinsg with rectal and 1mm@;mmmmmﬁ;,lmﬂmmwmmn'wimh lung and kidney
cancer, benzene, solvents, and machine-flulds with kldney cancer,
solvents with reticulosarcoma, and TCE with leukemias. Figures 1Il-4 to

1118 summarize the main results.
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The regins-lung cancer and TCE-leukemins analyses yielded fairly
flat likelihoods for the induction-latency periods, and none of the
latency-welghted scores showed assoclations different from those in
mmh&x:]ﬂﬂbﬁhﬁm“Thm benzene-kidney and solvents-reticulosarcoma
assoclations appeared strongest for longer Iinduction-latency periods,
although the long apparent latency for benzene effects probably reflects
the fact that benzene use was discontinued in the 1950's and deaths were
not entered fn this study before 1969. The machine-fluids-kidney-cancer
assoclation appeared strongest for shorter inductlion-latency perliods,
with a P value of 0.001 for the association when the mode of the period
was fixed at 8 years before death, but the estimated mtf@ngmh of the
assoclation was numerically unstable.

Using latency-weighted scores, the asbestos-lung, asbestos-kidney,
and solvents-kidney associations remalned very nonsignificant after
other exposures were controlled and so are omitted here. Because of the
doubtful validity of our method when fewer than five exposed cases are
available, we did not pursue a resins-esophagus analysis. We also did
not pursue the Pyranol-pancreas association because this assoclation was
entirely concentrated in Pyranol level 1 exposure, rather than higher
levels.

More complete tabulations of the induction-latency results are

given in Appendix VII.

Epech.analyses
For the associstions subjected to induction-latency analysis
(except those involving benzene), we also performed a parallel analyses

in which the unweighted exposure scores were divided {nte two



components. One component messured exposure up to Dec., 31, 1950; we
labelled these components "epoch L,” which on average contributed to
about half the recorded employment time. The other component measured
«mwmmm'MMMrwmude,mmvw:MMMMMlmmwcmmmmm:MmmmiL“
Both components were entered in logistic regressions in place of the
original varieble. The procedure was not carried out for benzene
because very little benzene exposure was recorded in our data beyond
1950.

Table YIT-1l4 summarizes the loglstic-regression results, The
associations of resins with rectal and lung cancer, machine flulds with
kidney cancer, and TCE with leukemias appeared to_be 1mfge1y or entirely
concentrated in the post-1950 exposures. Crosstabulations showed that
the assoclation of solvents level 2 with reticulosarcoma was also
concentrated in the post-1950 exposures, with crude odds ratios of 1.4
for pre-1950 exposure and 8.3 for post-1950 exposure. More complete
tabulations of the epoch analysis results are given in Appendix VII.
There, we show that the vesins-lung cancer assoclation is largely

concentrated among post-1950 exposures to resins in operations with

uncoded asbestos,

Resine.by.Qperakion

It has been suggested that the observed resins-cancer assoclations
nay be due to uncoded mmmmmmmmztipkuummmmmmﬁ‘memlm of asbestos dusts in
the operations in which asbestos-f£illed phenol-formaldehyde resin was
}wwmdmmmﬁh To test this hypothesis, we examined the associations of
resins with esophageal, rectal, and lung cancer, separating resins

within operations {nvolving uncoded asbestos exposure from resins within
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operations not involving uncoded asbestos exposure. If 8 resins-cancer
agsoclation was due to asbestos confounding, we mhmﬁlﬂ expect the
association to be concentrated in operations fnvelving uncoded asbestos
exXposure.,

This appeared to be the case for lung cancer. For example, the
logistic-regression odds ratio for resins exposure without uncoded
asbestos was 1.8 (95¢ CL = 0.68, 4.7; P = 0,.24), while the odds ratio
for resin exposure potentislly with uncoded asbestos was 2.4 (95% CL =
1.4, 4.3; P« 0,002). (Both odds ratios are computed at the 97th
percentile of total resins exposure.) Furthermore, these results are
sensitive to outliers. Considering ﬂheme‘xummﬂuuw.wmuwuﬁnnmt reject the
hypothesis that the resins-lung cancer association is due to
confounding., As would be expected from the epoch analysis, the
associations were concentrated in post-1950 exposure.

On the other hand, the resins-esophageal and resins-rectal cancer
assoclations were pot concentrated in the operations with uncoded
asbestos (in ﬁmmtq they appeared more significant in operations without

uneoded asbestos, contrary to the confounding hypothesis).

Relesion.of Respiratory. Sonsrols
All lung-cancer anslyses were repeated after deleting all deaths
with ICD codes for monmalignant respiratory diseases from the control

group. This deletion had only trivial impact on the results.
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E. INTERPRETATION OF RESULTS:
GENERAL CONSIDERATIONS

As the most general caution, we wish to emphasize that this {s a
mortality muaﬁ«mmmtxul study (1.e., & relative mortality study), with no
enumerated population base. This means that our study data cannot
provide an estimate of the ghsolute risks of any outcome among former
G.E. Pittsfield workers, even in the absence of bias, This section
discusses some of the biases that may have affected the relative-risk

estinates (odds ratiog) presented In this report,

Posgible expla natlens..fox.. :ts:zm tlve associations

One can hypothesize numerous explanations for each assoclation

that appears to be positive in table III-13. These explanations may be

classified into seven broad categories:

1) Rirect. cavsatlion: Exposure X caused (some cases of) cmmmmnﬁiﬂ

2) Inverse causation: Exposure X prevented (some cases of) one or
more of the control diseases, or is m$$nnimt@d with some factor
that {5 preventive of the control diseases.

3 Confounding: Exposure X was more frequent among workers who, for
other reagsons (e.g., smoking), were already at elevated risk for
cancer Y.

4) Rifferensial exrors. ln. exposure pssessment, such as elevated

detection of exposure among cases compared to controls.

A" ertificates, such as cancer Y more

) Riffexentiol. eiroks.in.d
frequently detected and recorvded among workers who were exposed to

X.

[or—er=r e TN

=
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6) RifLs

centlal selectlon of deaths: The proportion of deaths with
cancer ¥ recorded by the G.E. pension office was different from
the proportion of contyvol deaths recorded, apnd the racio of these
selection proportions was higher among the exposed (or highly
exposed) workers.

7) Rifferentlal. avallabillity of dob hilstoxies: The proportion of
«Muman*with.cmmmmnr?(ammmmg deaths with & job history was different
from the proportion of control deaths with a job history, and the
ratio these availability proportions was higher among the exposed
(or highly exposed) sworiers. .

These explanations are not mutually exclusive. Nor are they exhaustive,

although we hope they subsume all the plausible possibilities. The

remaining possibilities include an eighth “"explanation®:

8) MRendem. errer”, which may be thought of as an aggregate of various
isolated, nonsystematic errors. For associations examined on a
priord prounds (such as asbestos and lung cancer), It i{s accounted
for in the confidence limits 1f the distributional assumptions
used to obtain the limits are correct. Unfortunmately, the
confidence limlts do not fully account for random error in
associntions selected by data screening.

We will discuss each of the above explanations in turn:

1) We mmmmmm:iﬂﬁhnlwmt““qmmmgﬁmmmmmmumn4mﬁ an explanation for any of
the positive assoclations in our study.

2) Inverse causation does not seem plausible as an explanation, for
1f an exposure prevented an important amount of control deaths it

should appear to be significantly sssociated with most (1f not

1 #

fits

X,
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all) of the cancer sites. This was not the case for any of the
eXpOSUres .

Gonfounding: None of the covariates recorded in our dats could be
invoked as explanatory of any of the associations. In a few

instances, covariate adjustments produced moderate changes (20%-

30%) in quantitative but not qualitative results.

On the other hand, exposure levels were inaccurately
estimated and some (especially benzene and solvents) were strongly
correlated. This means that 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.

We have no evidence regarding the status of possible
unmeasured confounders, except smoking and uncoded asbestos. As
noted in Appendix VIII, external and Lnternal evidence argues
agalnst the hypothesis that confounding by smoking could largely
mmmﬁhmkm.mhm results. Confounding by uncoded ashestos was
addressable mmﬂyvimmmmmmm«mwmmmumwmwmtwmtifmﬁwlmmmﬂnnmm;. For the
most pare, confounding by unmeasured factors remains an important
possibility in our study.

Differential errors in exposure or disease assessment seem
implausible to us, ﬁﬁmmmz«mmmmmﬁﬁ;nmmmmmmmmmm‘mmm blinded with
respect to status at death, and death certification was performed
before the study (and exposure ratings) were carried out. If,
howevey, the interviewees for the sssessment gave bilased answers,
differentinl errors could result, Nopndifferential errors were

certainly common, but these would produce bias towards the null.
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Evaluatlion.of. differential selection requires fairly specific
elaboration of mechanisms. We have no external or internal
information for testing any hypothesized mechanism of differential
selection, and so we cannot address this possibilicy.

We may evaluate differentliel.aveilebility of job histories by
comparing avallablility among recorded cancer and control deaths.
This is done Ln table III-2, which reveals only small differences
in job-history avalilability relative to sampling error (chi-
squared p = 0.13 after sdjustment for overlap of outcomes).
Although this does not rule out the possibilicy of differential
avallabilicy by jolnt-exposure-outcome-status, we have no further
information bearing on this possibilicy.

Rangdom error seems most implausible as an explanation for the
resin-lung cancer association. It also seems difficult to invoke
as an explanation for the solvent-reticulosarcoma assocfation, and
for the excess of kidney cancers among subjects with exposure to
benzene, msbestos, or machine flulds (although we cannot reliably
evaluate which of these exposures is responsible for the excess).
Except for resins-lung cancer, random error ("chance”) should be
conilidered as an important alternative explanation, especlally
since the total mumber of signiflcant associations in the
scereening analyses (tables III-6 to 12) does not deviate from the

nunber expected Lf all the underlying associations are null.

In summary, we rvegard differential selection as the one alternative

explanation reasonable for all the detected associations, although (with

the exception of inverse causation) we would not rule out the other

alternatives.

/
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ossible explanations for negative or null ass

We wish. to emphasize that any exposure and cancer that did not
appesr to have a positive association in our analysis should not be
regarded as having no ceusal effect. In particular, "false negative"
associations may have arisen through confounding, differential or
nondifferential errors in exposure assessment or death certiﬁicmtesw
differential selection, differential job-history avallabilicy, or random
error. One may also invoke direct causation of control deaths (in place
of inverse causation) as an explanation for failure to detect an effect:

Rirect sausation: Exposure X caused (some cases tz;f) one or more of

the control deaths, or is associated with some cause of the

control deaths,
If an exposure caused an important amount of control deaths, it would
introduce o downward blas Iin all the cancer effect estimates for that
exposure. We cannot rule out this possibility, for general risk factors
(such as cligarette smoking) could produce such an effect.

For benzene, there L& the additional consideration that its use at
the plant was phased out In the 195@'mm<mmd;ymm deaths before 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 misclassification of
exposures and cause of death in our data, with a resulting downward bias
in our estimates of effect. Taking into account this blas would
strengthen positive and negative associations, and could also change

cercain null f£indings to positive or negative ones.

’I 4”?,‘, . f"
I'ﬂ’ ‘,
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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 study
should further milicate against overinterpreting our fallure to {dentify

cercain assocliations as positive,

dnterpretation of Epoch-Anslysls Results
We offer three possible explanations for those instances Ln which
associations appear to be concentrated in exposure after 1950 (epoch 2):

1) The induction-latency periods for these assoclations are under 20

years, so that effects of exposures before 1950 cannot be detected
in our study (which used only deaths 1833 vears after 1950).

2) The exposures before 1950 were much more poorly evaluated than
those after 1950; this would lead to much greater sttenuation of
the estimates of associations for pre-1950 exposures.

3) The ingredients of composite exposures were more hazardous after
1950 than those before 1950, due to changes in solvent, resin, or
wachine-fluld composition, or in some mmmmmﬂﬂhmm4mmwmuimtmg,wdﬁin
these compounds.

Qf these, we have no data bearing on explanations 1 and 3. Given the

uniform method of exposure rating we do not see how a difference in

evaluation (measurement) error between epochs could be large enough to
create such dramatic differences in association. Explanation 1 4s most
compatible with the results of our ILnduction-latency analyses.

Explanation 3 might be further studied by examining the composition of

solvents, resins, snd machine flulds over time. We note that the three

explanations are mot mutually exclusive, We also note that a majority

of the exposures occurred after 1950, so that effects of pre-1950

1)
“{ ! “;, C-)
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exposures are less precisely estimated. This would not, however,

explain the uniformicy with which effects are concentrated in the post-

1950 epoch.
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F. INTERPRETATION OF SPECIFIC FINDINGS

In this section we comment further on those sites for which
speclfic blas or collinearity considerations arose. As a general
caution in 1mm@m$mmnﬁhmg‘mmm sglte-specific findings (tables I1I-6 to III-
14), we note again that all the exposure measurements should be regarded

as heavily nondifferentially misclassified relative to the true exposure

doses. This has several important implications:

1) Exposure associations with outcomes will be underestimated.
2) Correlations among the exposures will be underestimated.
3) As a consequence of 1 and 2, the confounding of one exposure by

another will be underestimated.

4) As & consequence of 1-3, the fact that one exposure appears more
important than another in (say) a regression may reflect better
measurement of the apparently more important exposure, rather than

a stronger true assoclation.

Esophageal Concer

Although benzene, solvents, and resins each appeared associated
with esophageal cancer, the overall test for the assoclation of these
three exposures with esophageal cancer yielded P & 0.12. These three
exposures are also too collinear to allow any reliable separation of
thelr associations with esophageal cancer. Resins appears to have the
strongest association of the three. From the operations-stratified
analysis, it appears unlikely that the resins association might be due

in part to an effect of uncoded asbestos.
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Rectal. Cancers

From our data, resins appesrs & more likely candidate as a risk
factor than {ts collinear exposures (benzene, solvents). From the
operations-stratified analysis, it appears unlikely that the resins
association arvose from confounding by uncoded asbestos. Nevertheless,

we caution that our estimate of this association 1s highly unstable.

lame.Lancer

Based on contingency-table and modelling analyses, by far the most
consistent positive finding in our study is the highly # ignificant
agsociation of resins with lung cancer. This finding contrasts to the
virtual asbsence of assoclation of asbestos with lung cancer. This

abgence {s disconcerting, since the asbestos-lung cancer association is

; probably the one most supported by earlier studies among all the
i" associations we examined. Several people famfliar with the G.E.
E’ Pittsfield operations suggest that the absence of the expected asbestos-
q
‘ lung cancer association only reflects the fact that jobs coded as.
'
3 involving asbestos exposure in fact involved extremely low levels of
, exposure.,
*]}i . Our analyses of resins within operations leave open the
-‘= possibility that resins are a proxy for uncoded asbestos. Nevertheless,

it remains plausible that the resins themselves contain a lung
cavcinogen (see section G) and the result only reflects a less intense
resin exposure in asbestos-free operations than in other operations
(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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Kidney. Cancer

The collinearicy of benzene, solvents, asbestos, and machine
flulds in mmm dmmmh,IMhmm;'wimh‘tMmzummﬂﬂLxmmMmmr‘mﬁ kidney-cancer cases,
make it impossible to disentangle the assoclations of these exposures
with kidney cancer with any certitude., Nevertheless, the total
assocfation of these exposures with kidney cancer has a very low nominal

P value (P < 0.005),

In our data, benzene and machine fluids emerge as more precisely

and conslstently associated with kidney cancer than solvents or
(especially) asbestos., Yet some asuthors are now convinced that current
evidence firmly incriminates asbestos as a kidney carcinogen (Smith et

al., 1989). As with lung cancer, our fallure to replicate the latter
findings may reflect the wvery low level of asbestos exposure recorded by
the exposure-assessment process. But with only 12 cases to assess &

exposures (with 3 covariates), we would strongly caution against

overinterprecing our findings.

Lamphomas

The strength and specificicy of the solvents-reticulosarcoma
association must be weighed against the fact that we observed only six
cases total. Thus, unlike the resins-lung cancer association, the
statiscical error 1m.t%mzﬂmmmmmmﬁﬂ<mHEMmmtm L5 very large. Furthermore,
our data leave open the possibilitvy that the association may reflect an

effect of Pyrancl.
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levkemiag

Benzene is generally regarded as o leukemogen, but falled to show
any assoclfation with leukemias In our data. One highly plausible
explanation for this failure is that the induction-latency period for
benzene-induced leukemia Ls much shorter (under 20 years) than the time
from the last heavy benzene exposure at G.E. Pittsfield (about 1950) and
the first deaths among our subjects (1969). Under this hypothesis, most
m:mmlmmmwmmﬂmmm]mMMmanWMMkmwammwnwdhﬂhmzmﬁ1m&m

occurrence period, leaving mothing for us to detect.

Braln. Iumors

As with esophageal and kidney cancers, the collinearity of the

exposures, coupled with the small mmber of cases, prohibit any reliable

- disentanglement of the assoclations. Nevertheless, the overall test of

the three assocfations (benzene, solvents and asbestos) yielded a small
nomingl P value (0.02). The benzene assoclation emerges as the most
significant of the brain-tumor exposures, and this result is essentially
unchanged L{f unspecified brain tumors (ICD8 238) are deleted from the
cage serfes. We caution, however, that our estimate of this assoclation
is highly unstable, because it pivots on the benzene exposure of a few

CABES .,


mailto:l@ukenil.ais

111-28 ; /]

4

G. CONNECTIONS T0 PREVIOUS LITERATURE

In this section we comment further on those associations for which
there is 1;»:::¢::'v"1L.«:v|Jus: evidence in the literature. As a general caution, we
reiterate that all the biases discussed above cannot be ruled out as an
explanations of our findings. Some of the assoclations reported below
were observed with a very large statistical error in our study and are
mentioned here only because of previous evidence.

Pyranel

Both animal studies (IARC, 1978, 1982) and, mych less clearly so,
previous human cohort studies (Nicholsom, 1987) suggest 4!11:: association
of polychlerinated biphenyls with cancer of the liver/biliary tract. Ve

found a moderate but inconsistent association of Pyranol above level 1

¥

with cancer at this site. A subtype analysis showed ne association with

liver/intrahepatic bile duct cancer (5 cases of which 1 was exposed).
The assoclation of Pyranol is entirely with gallbladder cancer (4 cases,
2 exposed) and has an extrvemely large .Ii:1I:JEI“‘l:'11L.‘Iiﬁl'.'iil.l:‘.lil]. error.

Our data showed a small to moderate assoclation of Pyranol with
lyuwphomas with an extremely large statistical error. The review by
Nicholson (1987) presented some weak evidence for an assoclation of
leukenins and lymphomas with PCB exposure.

It is possible that the assoclations we observed could be due to
trichlorobenzene (TCB), the other major component of Pyranol. There is

however no previous information on the carcinogenicity of TCB.

H /
o

,

P

)¢
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kenzene

Benzene is a risk factor for acute leukemie, mainly of the
myelogenous type, and, with less clear evidence, for malignant lymphomas
and myeloma (Rinsky et al., 1987, DBrandt, 1987). Earlier, we gave a
possible explanation for our failure to detect a benzene-leukemia
assoclation In our study. The assoclation of benzene and multiple
myeloma had an extremely large statistical error, since we only observed

four cases,

Irichlereeshylens

Consistency across previous mtmmmﬂm:ﬁmmmm;lmmsmumﬁﬁwcjpoﬁmible
associations of TCE exposure with hemo-lymphetic malignancies (Blair et
al., 1979; Havdell et al., 1981l; Katz and Jowett, 198l; Axelson et al.,
L984). We detected an association of TCE and leukemias in some but not

all the analyses, and this assoclation had a large statlistical error.

Asheskos

Exposure to asbestos is assoclated with cancer of the lung and
with mesothelioma of the pleura and peritoneum. Asbestos may also be
assoclated with laryngeal and digestive cancers (see, e.g., Rom, 1983),
and with kidney cancer (Smdxinaﬂi@ML..ikﬂﬂﬂ)m‘Omm study (Seidman et al.,
1982) found a small assocliatlion of asbestos with brain tumors among
insulation workers. Earlier, we gave a possible explanation for falling

to detect an association of asbestos with lung cancer in our study. We
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did see suggestions of an asbestos association with brain and kidney

Lunors .,

Qther. solvents.

In our study, solvents constitute a very heterogeneous group of
chemicals, excluding only benzene and TCE.

Previous studies ave difficult to Interprete bﬁcmmﬁﬂ of multiple
exposures to several types of solvents. Exposure to solvents has been
assoclated with respiratory, bladder, mmml]thmmylm@pmmrm although not
consistently. Observed assoclations with hemolymphatic hmligmmnnimm may
be due, at least in part, to benzene contamination (Rothman and Emmett,
1988), although a role of non-benzene solvents cannot be excluded
(Brandt, 1987).

We observed a stroung assoclation of solvents with reticulosarcoma,
although with a large statiscical error, and a mumgummimu of a solvent

association with kidney cancer.

Machindng.Llulds

Exposure to unrefined mineral oils has been assoclated with skin
and gastrointestinal cancers. Assoclation with other sites (lung,
pancreas, bladder, oral cavity, pharynx and sinonasal cavity) were
reported with little consistency in the literature (IARC, 1987, Bingham,
-1988, Silverstein et al., 1988). In our study, machining fluids were

associated only with kidney cancer.
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In our study, machining fluids were only assoclated with kidney
cancer, but collinearity with eother exposures prevented a separation of

this association.

Regln. systems

In this heterogeneous group of chemicals, exposure to the
formaldehyde component of phenol-formaldehyde resins is the main source
of concern, Previous evidence on the carcinogenicity of formaldehyde is
controversial. Blair et al. (1986) found little evidence of excess
cancer mortality assoclated with exposure to formaldehyde; nevertheless,
a4 re-analysis of thelr data seemed to indicate m,dmm@wxwﬂﬁmﬁmlummmmms‘mﬁ
lung cancer (Sterling and Weinkam, 1988).

Since we observed s strong and consistent assoclation of duration
of exposure to resins with lung cancer, the question arises of a
possible role of formaldehyde in determining this finding. Because of
the limited nature of our exposure data, we cannot shed any light on the
formaldehyde-lung cancer controversy. It may be noted that whereas some
consistency {n the literature suggests an assoclation of formaldehyde
with sinonasal or nasopharyngeal cancer (Hayes et al., 1986; .0lsen et
al., 1986; Blair et al., 1987, Roush et al., 1987), only one case of
cancer of the nasopharynx was recorded in our study.

A highly unstable sssociation of resinsg with rectal cancer was
observed in our study. There is some weak previous evidence supggesting
an assoclation of formaldehyde with colorectal cancers (Liebling et al.,

1984 Bertazzl et al., 1986).
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H. SUMMARY AND RECOMMENDATIONS FOR FURTHER RESEARCH

Summary interp

In a one-sided hypothesis-screening analysis designed to detect
positive associations between exposures and cancer sites, we employed a
liberal statistical screening criterion. We chose a liberal criterion
1m.m.ﬁmmﬂﬁnﬂL4wmmmmpt to compensate for low study power (due to
nondi{fferential misclassification and small numbers of cases).

Because of the null bisses and low power of our study, it is
reasonably likely that an association representing a real exposure
effect would be missed Iin our screening. Thus we do not regard the

ful informavion for

nonpositive results of our analysis as providing us
guiding furcther research.

Because we choose a lLiberal criterion to screen multiple
associations, it is probable that most (and possibly all) of the
positive associantions reported here do pof represent any real exposure
effects. Hence further screening of our positive results is needed in
order to determine whether any of these results represent real effects.

We next glve our recommendations for such sereenings.

Recommendasionsg

Because of the clear associstion of resins with lung cancer, and
the concentration of this association in specific operatlions, we
strongly recommend that the following further resesrch be conducted:
1. In order to determine whether the resins assoclations are

attributable to uncoded asbestos exposure,
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a) A more complete rating of asbestos exposure for pertinent
Job-bullding pairs recorded {n our data should be
undertaken .

b) The new asbestos {nformation should be used to recompute
asbestos exposure scores for our study subjects.

e) A reanalysis of the joint asbestos-resin association with
esophageal, rectal, and (especially) lung cancer should be
conducted, in order to determine whether the resins
asgsociations Iin our study are attributable to urmeasured
asbestos exposure,

&) The mew asbestos score should also be exapined for ics
association with other sites, especlally kidney cancer.

2. An analysis of cancers by job site should be conducted. As
demonstrated in the analysis of the resins-lung cancer association
within operations, such an analysis may identify concentrations of
tisk in certain job sites, and so suggest or eliminate possible

explanations of our study findings.

angpestions. for. future research
Bemcause of the highly inconclusive nature of our other results,

we would like to see future studies of occupational hazards include,

where practical, analyses of the follow associations:

1. Tricholorethylene (TCE) and leukemias.
2. Benzene mnd cancers of the esophagus, bladder, kidney, and brain.
3. Other solvents and cancers of the kidney and the lymphatic system.

In the latter case, we recommend special attention to subtype (in

particular, to reticulosarcomas).
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&, Resin components and cancers of the esophagus, large intestine,
and lung.

5. Machine flulds and kidney cancers.

Benzene and asbestos effects may not be of current Iinterest, since beth

these exposures are now generally recognized as hazardous and have been

subject to increasingly strict controls. On the other hand, we would be

especlally interested in learning of studies that provide Iinformation

relevant to the resin-lung, machine fluid-kidney, and solvents-

retleulosarcoma assoclations observed in our study, especlally 1f

specific components of these exposures can be examined.
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TABLE 1I1-1 AVAILABILITY OF WORK WISTORLES BY YEAR OF DEATH
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Table T1X-2
Number of subjects by outcome

and job-history avallability

Job Hlstoxy

............... Available..... Not avallable
QUECOME e ecrrene Jnsluded Tosal 0.0 ]
Orolx” 21 21 10 32
Esophagus 13 13 6 32
Stomach 19 19 8 .30
Golon 60 60 22 27
Re:c tum 32 32 b 11
Livbil® 9 10 2 17
Pancreas 33 34 11 24
Lang 139 142 68 32
Prostate 58 60 26 30
Bladder 20 22 12 35
Ridney 12 12 [/ 25
Lymphomas” 15 16 5 24
Leukenias 22 23 17 43
Brainp” 16 16 9 36
Other 53 53 24 31
CANCETE
Control 1202 1270 719 36
causes
Excluded 0 s 1?7 71 40

causes

‘Abbreviations: Orolx = oral, laryngeal, pharyngeal
Livbil = Lliver, gallbladder, and biliary tract
Lymphomas « lymphosarcomas, reticulosarcomas
Brainp = malignant and unspecified brain tumors
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Table IXI-3
Summary of continuous covarilate distributions
(in years)

16
III-41 j ¢¢‘{

Mean Min Max Std. Deviation
Gases
Year of birth 1909 1884 1955 12
Age at death 68 26 90 12
Year of death 1978 1969 1984° 4
Year of hire 1937 1909 1980 14
Year stopped work 1968 1946 1984° 8
Duration of employment 27.4 0.8 48 .4 q9.8
(leaves excluded)
Time on retirement 8.2 0 31.9 7.5
Controls
Year of birth 1907 1880 1956 12
Age at death 70 21 90 12
Year of death 1978 1969 1984 4
Year of hire 1935 1903 1981 15
Year stopped work 1968 1946 1984"° 8
Duration of employment 28.4 0.2 49.3 10.4
(leaves excluded)
Time on retirement 9.5 0 28.2 7.9

"End of study period.



TABLE III-4
Summary of dichotomous-covariate discributions

Percent positive

Cases Controls
Forelgn bomn 18% 15%
Vested 5 years
before | death? 93 92

Employed 5 years

before death? bdy 3



TABLE ITL-5

Exposure score Mear

PYRANOL years

at level 1 3.7
at level 2 0.7
at level 3 0.3
at Level ») b6
at Lewel »] 1.0
Pyranol L.$." 5.9
TCE years
at Lewel § 2.0
at level 2 0.1
at luw@l »l) 2.1
TCE L.$.“ 2.3
BENZENE years
at lewel 1\ 2.8
at level 2 0.6
at level wg 3.4
Benzene L.5.° '
Dther SOLVENTS yenrs
ot level 1 11.9
at level 2 5.6
at fevel »0 o 1.é

Oth. solvents L.5.% 23,0

AGBESTOS

years exposed 2.6
RESINS
pears exposes 1.%

MAGHINING FLUIDS
yRars axposac 6.2

? Le$. ® Linear Scores sum (*years at Level i), 1 1,2,3
s at Lewel “f), § o 1,2

$td Dew

7.0
2.9
2.0
8.1
3.5
11.2

5.1
0.9
9.2
5.5

5.3
2.6
5.9
T.6

1.4

9.1
12.9
19.9

.2

bhob

9.7

LS. = Linear Scores sum ¢ I%year

e

0
(]
0
0
0

Q
1]
0
(]

0
0
0
(]

0

P0th

.2
0.b
0.0

18.0
1.6

21.5

1.2
0.0
1.9
8.3

§.7
1.4
10.5

12.2
12.2

29,0
19.7
3.9
o8,

10.9

(')

e
282.3

NHON=WINSORIZED SCORES AMONG COMTROLS  (N=1202)

Percentiles

H5th §7th 98th
0.8 26.7 6.8
3.5 8.7 10.8
0.2 2.6 5.4
217 ar.3 28.9
7.% 10.6 7 16.2
30.2 3.6 3.2
5.4 18.1 20.7
0.0 0.3 1.2
Yoo 18.1 20.7
1.6 18.3 2.0
13.8 16.% 20.6
3.6 7.1 10.0
15.6 21.1 3.5
1.9 8.6 8.1
03 36.2 0.6
ar.n J0.6 52.8
9.4 &2, 6£3.1
59.7 65.6 0.2
18.4 21.5% 25.9
11.9 16.6 20.0
8.6 31.9 3.3

Max i mum

36.5
27.3
26.9
35,5
9.0
86.7

34.8
18.9
4.8
37.8

3.0
30.8
31.0
61.6

08.2
Wi 2
W2
00.6

35.0
1.é

. T
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Controts 209 36

orolx® & 0
Evophmpus Fd 1
Stomuch 3 1
Golen (4 0
Rectumn ] 0
Pancreas é 2
Liviof1® 32
Lurg & 2
Prostate & 2
BAmcicder 2 0
1 edrwery | o
Lysnphomas b ]
loukoomins ] 0
llu'«im's‘ 3 ]
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Footnotes on next page
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TABLE T11-d
Summney of stratiftiec annlyses
EXPOSURE: Pyracwl time ot Level »1 (pytimgt!)

TESY FOR TREND
(MANTEL EXTEMSI0N)
UNCATEGOR ]L 2ED
EXPOSURE*
AJUSTED
FOR AGE AND

LOGISTIC lllE:'W!lE!i«'!HllJlN
WITK BINARY EXPOSURES® CCUTPOINT AT O)
ADJUSTED FOR AGE AND YEAR OF DEATK

L L L L R R R P R R P P T P Y R Y

ADJUSTED AT ADJUSTED

FOR  OTHER EXPOSURES FOR QTHER EXPOSURES AR OF DEATH
oS (95K LINITS) P0  GoS (9K LINLTS) P B0 TREMD
RATIO RATIO S1GN
0.88 (.29, 2.71) 0.03 1.12 €037, 3.36) 0.B4 0.4% ()
0.68 (0.9, 3.19) 0.6¢ 0.90 ‘l[I.L.i!ﬂEI., &,12) 009 0.06 ()
1.47  (0.35, 4.59) 0.7 0.89 C0.26, 3.08) 0,85 0.75  (+)
0.60 (0.26, 1.35) 0.22 G.63  C0.28, 1.41) 0.26 .28 ()
0.98 (0.36, 2.65) 0.97 0.88 (¢0.33, 2.31) 0O.W 0.32 ()
1.02 (0.460, 2.58) 0.97 1.05 (0.63, 2.59 0.91 Q.90 ()
2.66  (0.56, 11.2) 0.26 2.60 (0.59, 9.71) 0.22 090 ()
0.89 0.5, 1.43) 0.63 0.99 (.62, 1.58) 0.96 0.32 -
0.81 <057, 1.7y 0.60 0.60 C0.37, 1.71) 0.56 086 ()
0.52 (0.12, 2.55) 0.40 0.5% (0.12, 2.29) 0.39 0.35 ()
0.35 ¢0.04, 2.52) 0.32 0.43 (0.06, 3.35) 0.62 0.486 (=)
X.02  ¢1.01, 9.02) 0,05 $.26 4.6, §.32) 0.03 0,61 (#)
046 010, 2.06) 0.31 0.48 (0.9, 2.05) 0.32 0.3 ()
.43 ¢0.2%, 3.05) 0.78 1.09 ¢0.39, 3.88) 0.89 0.82  (+)



Footnotes for Table III-6

1 N1l = number of subjects with exposure >0 (For total number of

2 N2 « number of sub jects with exposure > 97th percentile of controls ?

Exposure scores: Time exposed to Pyranol above level 1, TCE above

asbestos above level 0, resins above level 0, machining fluids

above lewvel O
4 2-gided
Not adjusted for other exposures
Abbreviations: Orolx = oral cavity, larynx, and pharynx; Livbil =
liver, gallbladder, and billary tract; Brainp = brain and

unspeciflied brain tumors
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TABLE 1317

fimmary of steatifiod anslyses ]HHHHHHHHHHHM
EXPOSURE: TCE time at Lavel 0 (tctingto) fMARARRARA
. 1mwwwmmwwww
rsTic neauegston ewstes suressiaib

WITH BLNARY EXPOSURES' COUTPOLNT AT 0) UNCATEGOR I'IHID
‘ TED FOR m.l mm 'IIE I\II 1:» |:||E IUI’INI EXPOSURE’ ! {H‘HHHHHHHHHHH
ot s Moausten — RAARTAARI

ADIUSTED m:u munu',nan FOR AGE dith
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t:mm. w'.:l. mnmm rg P u;'n. . mmr::.z: o T

RATLO RATLO |,)| |m|
AR

DA2 (052, 286 0.49 126 (051, 3.08) 0.6 0.91 (o) ]
1.08 (0,27, 4.02) 0.9 0.9% (0.29, 3.1 0.9 0.3  (») ] HHHH\\HHHHHHHHHH
0.1 (023, 216 0.5 070 (0.5, 1.95) 0.9 ‘qu»mwwwww
0.9 (0,52, 1.08) 0.98 085 (0.67, 1.46) 0.5 0.26 ‘p ""‘HHHHHHHHHHHH
0.60 (0.29, 1.68) D61 0.7 (O35, 1.69) 052 0.83 ()] (RAARAAMAANG
232 (100, 5.3 0.05 L& (.82 B.2) 016 0.57 }
0,66 (008, 2.51) 0.57 0.5 (0,11, 2.65) 0.45 0.22

1.13  (0.73, 1.7%) 0.59 1.01 (0.69, 1.47) 0.97 0. i

0.81 (0.42, 1.56) 0.54 0.82 (0.46, 1.48) 0,50 0.6b

0.76  (0.26, 2.18) 0.6 0,05 (0,32, 2.23) 0.76 .80 ;
0.7 c0.20, 2.78) 0.65 0.99 (0.30, 3.%2) 0.99 0.62 H"‘HHHHHHHHHHHH
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Controls
orolx®
Esophagus
Stomach
Colon
Rectan
Pancreas
Livbil®
Lung
Prostote
Bladder

T itrey
Lymphcsns.
Lewkoming

Grai np"

wt
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ENPOSURE: benzene time at level 2 (benztimed)

ADJUSTED
lFt.Iit lf.ll’lll ll’ lll'lﬂ"lltillll.ll!i

LOGISTIC Illiiliillli',itii oW
BITH BINARY EXROSURES'
ADJUSTED FOR AGE Mi *nm QF DEAY

lllllﬂiﬁ l’.!?iifl. IJNIHNI»!'

RATIO

0.05
0,78
068
0.468
1.26
0.7
&9
0.47
1.09
0.43
.63
0.5¢
0.76
1,45

(0.18,
(0.5,
(0.06,
(0.2,
(0.37,
(0.19,
€0.60,
€0.25,
10.46,
10.22,
(0,85,

0.12, 3

€0.20,

(0.41,

vooww

IFm:vlu'lmm-u are 1tlhm sane o M I.llllill! “I 45»

2.38)
.66
3.95)
1.69)
6. 28)
2.5M
38,00
0.89)
2.40)
3.2
15.6)
00
2.85)
5.42)

TABLE 111-8
Summery of stratitied! analyses

th

0.70
.50
0.58
.73
6.59
0.1
0.02
.90
0.79
0.08
?.53
0.468
0.56

tIMI‘l(’ ADJUSTED

CCUTPOINT AT O)

N.lll l.ﬂ Ill ll t!l(l’!.!iil.llll’.i»

IHDM (Wil- LMIIHTM

RATIO

1.03
1.23
B.32
0.7
0.85
0.58
&.76

1.00
0.90

L.

(0.30,
10,26,
(0.06,
(0,33,
€0.29,
€0.18,
(0.68,
(0.31,
(.49,
0.29,
1.53,
0.22,
(0.26,
(0.66,

3.58)
5.72)
2.62)
1667
£.hT)
1.93)
1.2}
1.07)
2.12)
350
15.8)
§.53)
3.08)
6.7

',‘I»

0.9
0.80
0.27
0.47
0.77
0.38
0.1%
0.08
0.9
.98
.04
1.00
0.87
0.2%

i
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TEST FOR TREMD
CMANTEL EXTEHSION)
UMCATEGOR ]"H!

EXPOSURE
ADJSUSTED
FOR AGE ANHD
YEAR OF QEATH

l’"‘

0.9%
0.03
0.483
0.26
0.7
0.2
.49
0.04
.60
0.58
0.00
0.26
Q.54

Q.00

TREND
SlGu

(*)
(+)
(¢)
(+)

(+)

£



Controls
orolx®
Esophagus
Bromnch
Colon
Rectum
Pancreas
Livbil®
Lung
Proatate
Blackler

i ey

Lymphomas

Leukemiag

Brad mp‘“
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654
1
10
)
73
12
1%
4
(]
2
12
()
10
13

0
0
3
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YAILE 111-9
Sumary of stratified annlyses
EXPOSURE: Other solvents time at level 2 (solvtimed)
TEST FOR TREWD
LOGISTIC REGRESSTOW CHANTEL EXTENSION)
WITH BIMARY EXPOSURES (CUTPOINT AT 0) UNCATE liilll!li’l D
ADJUSTED FOR AGE AND YEAR OF DEATH EXPOSURE®
L T ADJUSTED
M JUSTED NOT ADJUSTED FOR AGE AND
l'llli’ llil III'II' l’]I:IF!II!iIJIIlI li.!‘ I‘l!ll‘ IIFI‘IIEI'II |E"I!l'1'I!ILllIlE"!i YEAR QF DEATH
tiliillltﬁ 4[45’!!5’!- ll..lflll”ﬁl lﬂ"m mmi ﬂf‘i’iﬂl me» . l"“ ¢t TREND
RATIO RATIO . S1GN
6.57 (1.19, &6.1) 0.00 Bod2 (1.84, 16.3) 0,09 0.61 ()
3.05 (0.90, 16,5y Q.07 3,60 C0.94, 13.8) 0.06 097 ()
.04 0,38, 2.00) Q.94 0.7  (0.31, 1.9%) 0.59 097  (+)
Y.40 (0.78, 2.51) 0.26 1.09 C0.65, 1.85) 0.74 D36 ()
0.63 (0.8, 1.01) 0,08 0.51 (0,25, 1.06) 0.07 0.352 (¢
0.81 ¢0.57, 1.77) 0.60 0.61 ¢0.30, 1.24) 0.17 011 ¢-)
0.35 ¢0.05, 2.5 0.26 0.69 0.8, 2.60) 0.5 050 ¢
1.75  (1.96, 2.62) 0.01 157 .08, 2.27) .02 0.9  (»)
0.90 ¢0.69, 1.85) 0.72 0.86 (0.49, 1.642) .51 0.09 () |
1.6% (0,55, 3.87) 0.48 1.21 (0.469, 2.98) 0.68 0.53 (+)
.80 €098, J.60) Q.77 1,64 (049, 5.50) 0.42 0.28 () ;

1.60  (0.48, 537 0.64 1,97 (0.65, $5.95) 0.28 G.10 (e
1.5 (0.59, 4,000 Q.37 1.26 (0.5, 2.99) 0.59 .3 ()

.i!‘..tl'lli 0.76, 9.92) 0.93 2,65 (0,84, 8.36) 0.10 0.01 (e

R Y Y Y
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controls
orotx®
Esophagus
Stamnch
Golon
Rectum
Pancreas
Livial 1 ®
L
Prostote
U Laddier
K i croey

(. ympliomag

.eukamian

trafnp?

TABLE 111-10
Summary of stratified annlyses
EXPOSURE: time with oty exposure to nsbestos (asbtime!)

TEST FOR TREND

LOGISTIC REGREGSION CRANTEL EXTENSION)
WITH BINARY EXPOSURES® (CUTPOINT AT 0) UNCATEGORIZED
ADJUSTED FOR AGE AND YEAR OF DEATH EXPOSURE >
D an B B W D B D AP AR Y AP VR AR A W B AR B ) AP 4B (N A aP 5 ) AP (WD G OB B W b W ‘Nn I"J"!; 1"5':\
ADJUSTED NOT ADJUSTED FOR AGE AND
FOR  OTHER EXPOSURES FOR GTHER EXPOSURES YEAR OF DEATH
o owm2® oobs  (95k Lonrrsy et ooDs (V5% LINITE) PO pt TREND
RATIO - RATLO : iGN

I 36

é 0 0.69 ¢0.25, 1.89) 0.47 0.83 «0.32, 2.15) 0.70 .67 (=)
6 3 1.58 (0.68, 5.18) 0.45 1.87 (0.62, %.65) 0.26 0.26  (#)
0 0 G.00 (¢0.00, .00} 0.00 0.00 ¢0.00, 0,00 0.00 0.08 (<)
17 F 1.08 €0.55, 1.90) 0.% 0.89 ¢0.50, 1.58) 0.68 0.63 ()
12 1 1.49  (0.67, 3.33) 0.33 1.27 (0.61, 2.64) 0.52 0.9 (=)
9 1 0.95 (0.61, 2.18) 0.90 0.80 ¢0.37, 1.75) 0.58 0.72  (+)
3 o .09 (0.22, 5.51) 0.92 1.15 (0.28, 4.65) 0.85 0.40 ()
] & .08 ¢0.60, 1.54) 0.88 1.10 (0.7, 1.60) 0.62 0.6d  (+)
1w 1 .21 (0.66, 2.20) 0.56 1.02 (057, 1.83) 0.9 0.42 ()
b 0 .10 (0.39, 3.12) 0.86 0.93 (0,35, 2.47) 0.89 0.76 ()
7 1 2,41 (0.68, 8.54) 0.7 .99 (0.9, 9.56) 0.06 0.01 ()
7 1 1.57 (0.52, 4.81) 0.42 1.88 (0.68, 5.2%) 0.23 0.57  (+)
6 0 1tl'.1iiif (034, 2.55) 0.87 0.83 (0,32, 2.15) 0.7 0.85 ()
7 1 147 (050, 4.33) 0.48 1,61 (0.59, 4.37) 0.3 0.06 (e

- - T T TP R Y

Fovtnotes are the same as in table 1116



Conteols
orotx®
Esophagus
Btomach
Colon
Rtectum
Pancroas
Liviit®

L rig)
Prostate
BLmticer
Kiciney
Lympibicans
Leviconins

Brainp®

&

3

&

TRBLE 191-99¢
Summnry of steatified snalyses
EXPOSURE: tlme with amy exposure to resime (resntimel)

TEST FOR YREND

LOGISTIC REGREGSION ~ (MANTEL EXTENS
WITH BIKARY EXPOSURES™ (CUTPOINT AT 0) UNCATEGOR I ZED

ADJUSTED FOR AGE AND YEAR OF DEATH EXPOSURE ™

L L Ly A A P Y R S e ‘"D!“JH!H"E':'
ADJUSTED HOT ADJUSTED FOR AGE AND

FOR  QTHER EXPOSURES FOR QTKER EXPOSURES TEAR OF QEATH
ne? oS (PHK LEKITS) ph wos (95X LInlTey p p TREND
RATIO RATIO " STGH

86

11,05 (0,38, 2.88) 0.93  1.42 (0.5, 3.71) 0.47  0.66 (+)
1 1.02 (0,27, 3.76) 0.98 1,66 (0.51, 5.48) 0.60  0.04 (+)
0 0.65 (0,16, 2.89) 0.57 0.6 (0.0, 1.90) 0.27  0.39 ()
2 0.7 (0.38, 1.57) 0.48  0.85 (0.43, 1.65) 0.62 072 ()
3 1,16 (0.67, 2.87) 0.5 1.02 (0.43, 2.38) 0.97  0.03 (e
10,38 (0.91, 1.30) 0.12 0.3 (0.1%, 1.20) 0.90  0.32 ()
6 0,00 (0.00, 6.00) 0.00  0.00 ¢0.00, 0.00) ©.00  0.27 (-)
W .47 (097, 2.20) 0.07 LT (197, 2.52) 0.01  0.00 (e
0 056 (0.2, 1.26) 0.%  0.55 (0.26, 1.22) 0.%  0.07 ()
O 0.38 (0.08, 1.7 0.21  0.41 (0,09, 1.78) 0.25  0.60 ()
0 105 (0.26, 6.19) 0.5 .20 (0.32, 4.68) 0.79 076 (o)
0 L0 (0.30, 3.47) 0.98  1.36 (0.42, 4.26) 0.62  0.45 ()
0 0.56 (0.96, 2.02) 0.38 0.9 (0.17, 2.02) 0.60  0.37 (-)

0 0.85 (0.25, d.068) 0.7 1,96 ¢0.38, 3.7 077 0.7 (~)

R T P R R R

Footnotes are the some ss in toble 111-6



Gontrols
orotx®
Esophagus
Stemach
Colon
Rectum
Pancrens
Livbil®
Lung
Prostate
Blncicer
Kichey

1y wagady commaa 6
Leutcan i o
Brai ma"

I11-51

TABLE 111-12
Surmary of atratifiod aralyses
EXPOSURE: time with any exposure to machining €luicls (mflutimel)

TEST FOR TREND

LOGISTIC REGRESSION (MANTEL EXTENSION)

WITH BINARY EXPOSURES® (CUTPOINT AT 0) UNCATEGOR 13D
ABJUSTED FOR AGE AND YEAR OF DEATH EXPOSURE "
R I - o TR CER SO e . e - ‘N:' JUSD l_lJ\
ADJUSTED ot amnnnauan FOR AGE AND
FOR OTHER EXPOSURES FOR OTHER EXPOSURES YEAR OF DEATH
Wil w2t oops  cosx Liwitsy et nnm |9ﬁm 1um:r¢> p‘ p* RIND
RATIO NATIO SIGN
707 3% .

12 1 0.85 (0.26, 1.81) 0,61  0.98 (0.41, 2.36) 0.9 0.56  (+)
b4 1 0.7 (0,19, 2.66) 0.69 0.96  (0.31, 2.96) 0.9 0.6 (+)
12 0 1.7 (0.62, 4.96) 0.29 1.22 (0,48, 3.94) 0.68 0.52  (»)
31 1 0.69 (0.58, 1.26) 0.23 0.7 (0.46, 1.26) 0,25 0.45 ()
10 1 1,17 (0,52, 2.65) 0.7 0.92  €0.45, 1.88) 0,83 0.6b  (»)
17 1 0.54  (0.23, 1.27) 0.16 .75 C0.37, 1,69 0.41 0.60 (=)
5 0 1.20 (¢0.27, 5.3 l:l.‘;‘ll‘l 0.86 (0.3, 3.24) 0,83 0.07 (=)
" b 0.78 (0.52, 1.19) 0.26 0.86 €0.60, 1.23) 0.62 0.20 (-}
33 | 0.96 (¢0.5%2, 1.7y 0.90 0.90 (0.5, 1.54) 0.70 062 (-3
13 1 1.7 (0.45, 3.61) 0.65 1,27 ¢0.50, 3.21) 0.6 0.54 ()
9 2 1.68 ¢0.39, 7.25) 0.49 2,10 (0.56, T.43) 0.27 @.00 ()
U] 0 1.33  (0.65, 6.32) 0.64 1.19  (0.61, 3.43) 0.7% 0.3 (%)
1% 1 1,08 (0.60, 2.97) 0.88 1,26 (0.51, 2.99) 0.63 0.75 ()
] 2 0.51 €0.16, 1.66) 0.26 0.73 (0.27, 1.98) 0.54 0.61 (%)

|F<Iltl\'lll'it’1t1l“l» are 1{|'|ul' same as 1lm 1:||d:»l e Ilk I 4!»



Table 11I-13

Sunmary of comtinuous logistic regression results

Site

Exposure

Levels

OR?

954 CL?

P (2

silded)

Orolx®

Esophagus®

Colon®
Rectum®

Pancreas

Livbil?

Lung’

Bladder

Ridney

Lymphomas
Levkenias

Brainp?

Solvents
Benzene
Solvents
Resins
Solvents
Resing
TCE
Pyranol
Pyranol
Asbestos
Resins
Benzene
Benzene
Solvents
Ashestos
Mach £1%
Pyranol
Solvents
TCE
Benzene
Benzene
Solvents

Asbestos

2
2

'.”‘I.
L

21
2l

22

L

L
i

P

21

p

Ly

2.

8 (1.8)7

.9
2.3 (3.9)
.9
.6
o

3 (2.1)

0.
B2, 6.3
.21,
.85,

.72

Q0
0

.1,
.51, 3.8
0.
0.
0.
1.
.79, 7.0
0.
0.
0.
.57, 1
.55, 4.3
.99, 2
0.
0.
1.
0.
0.

&,

68, 11
25
9.5
3.6

5.3

]
=

86, 6.8
16, 6.5
6l, 2.1

3.6

92, 4.0
37, 351

37, 6.3

97, 7.7
64, 3.2
00, 4.4
36, 12

39, 5.7

0
0
0
0.
0.
0
| 0.
0.
0.
0.
0.

0.

0.
0.
0.

"
J.

03

09
24
(0
52
10
15 (0
71

001

.13
.08

0

38 (0
05 (0
41
56

(0.

o)

.05)

.15 (0.41)¢
.13

14)

03)

.
12)
L93)

3

Footnotes on next page.
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Footnotes for Table I111-13:

Yoode under "Level® is as follows: 2 = only time at level 2 was counted:
21 mrtﬁmmemn:lhwmﬁhﬁil‘mmd above counted equally; »2 = only time at
levels 2 and 3 count, and count equally (Pyranol enly); L = linear
combination of levels (time at level 2 counts double that of level 1,
ete.)

Isbbreviations: OR « odds ratlio; CL = confidence limits; Mach fl =
machine fluids; Orolx = oral cavity, larynx, and pharynx.; Livbil =
liver, gallbladder, and bilisry tract; Brainp = brain including
unspecdfied brain tumors (ICD8 238). .

30dds ratios are estimated risks for the 97th percentile of control
exposure relative to no exposure, Odds ratios in parentheses are
estimates after hire year is deleted from the model. Deletion of hire
year did not alter any other estimate by more than 10%.

“P walues in parentheses are P values after Winsorization of exposures.
Winsorization did not alter other P'vmlmmﬁ by more than a factor of 2.
S0dds ratios under a single site are frmm1u.ﬁﬂxmﬂﬁ:mmmmﬁl‘mmwmuimim@,agm
at death, death year, hire year, and the exposures listed under that
site, .

“TCE selected in stratified analysis but mnot entered {n final model (or
table) because 4t had a negative coefficient when the other selected
exposure was entered,

TSolvents level 2 selected in dichotomous-exposure analyses but not
entered in final model (or table) because it had a negative coefficient

when asbestos and resing were entered,

’
/!

4
»

[
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TABLE TII-14

Summary of logistic regressions

b

with epoch-specific exposures

I11-54

167

Site Exposure lLevels Epoch® OR® 95¢ CL P (two-sided)
Rectumn Resins 1 1.8 0.16, 19, 0.64

2 2.5 0.92, 7.0 0.07
lung Resing 1 1.3 | 0.34, 5.0 0.70

2 2.5 1.5, 6.3 <0.001
Kidney Mach £1¢ 1 0.18 0.04, 8.6 0.38

2 3 3.1, 426 0,006
Levlkemias TCE 2l 1 1.5 0.14, 16 | 0.73

2 3.3 0.62, 18 0.16

Footnotes:
:I'A"s:l. :l

2] w Through 1950, 2 = after 1950.

models contain age at death and death year.

Yodds ratios are estimated risk for exposure at the 97th

percentile of Lotal (upmﬁh.X + epoch Z) contrel exposure relative

tO no exposure.

‘Model also contains a single (control) term for benzene.

R
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Pigure 1I1I-1

Origin of study subjects.

Cohort of all persons employed

at G.E. Pleegfleld before 1984

il
Died 1969-19847 e i 1]
Yes )
¢
Death recorded by G.E. penslon office? e « No

|

Yegt (2 2 "E”_tll
4

Job-history record available? - Mo (1,000)

Yes (1,914)
4
Jobs recorded {n history? s » No (3)

“ Yes (1,911)
4
Inftinl data set

*Requires that benefits be claimed for the death. This
requires: 1) A surviving claimant and 2) the death be
eligible for benefits. The latter requires that the person
who died was elther vested In the G.E. pension fund or

employed by G.E. at time of death.

p g
l'!’



Figure 111-2

Further data restcrictions

Initial data set (1,91L)

1"
Employment beyond 19327 s + No (1)

I Yes (1,910)
4
Pyranol rating available for at least 50%

m&?ummﬂmmmmmwt<mmrmtmmmﬂ'«mmmmméﬂ No (36)
ﬁ Yes (1,874)

¢
Age 21-90 ar death? e » No (53)

” Yes (1,821)
4
Neoplasm recorded on death certificate?

Yes (3512) No (1,309)

4
Excluded as control? o
(107)
| No (1,202)
4 $
Gases Controls

*Excluded causes of death (ICDE numbers in parentheses):
Diseases of blood and blood-forming organs (280-289)
Mental digorders (290-315)

Diseases of the digestive system (520-577)
Genitourinary diseases (580-629)
11l -defined conditions (TBO-796)

I11-56
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F16, II1-3  Logistic regression on 7 Dinary exposures
n=98: covariates.age,deathyr
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FIGURE ll-4 RECTAL CANCER
INDUCTION-LATENCY ANALYSIS

advwriniee: wge, yonr of doath

2 x decrease in log likelinood (cf=2)
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0 2 4 6 B8 10 92 4 10 18 20 22 24 28 26 30 32 04

Mode of Weibull density f(T-t-2) years
it AEGING

T » age at daathy t » ape @t ax PO,
Stape paramater af Waibiull is 2.
Ratarance maocal has age, deathyr anly
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FIGURE -6 LUNG CANCER
INDUCTION-LATENCY ANALYSIE

oovarioiee: age, your of daenth

i 2 ¥ decrease in 1og likelihood (df»2)
, -
£ b Y — —— ______,....JII ..................... Ceammr ey,
10 - «/ﬂ ’ B — . Q
, ",ul ------------ o |
P o e, e
o -
&b
el - .
‘!} | { t ‘“..-|----.---.l--..---n‘l..-------jlll“ ‘lL " ' , 1 1 ' n ) f
O 2 4 68 @ 10 12 4 10 © 20 22 24 28 28 30 J2 34
Mode of Weibul density f(T-t-2) veears
ol TOTAL RESING e REGING INSIOE 283 0 RESING ‘E:il.l'l'{iill:léi 244
T o gge ot ceath; t » aps at axposure, ’

Shape paramatar of Waikull ia 2
Hatarance model hee aga, deathyr anly
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FIGURE -8 KIDNEY GANCER
INDUCTION-LATENCY ANALYSIS

covarixdon: age, yoear of doaih

2 x decrease in log likelihood (df«2)

20
|FI"J:L.‘:!§
I”’ ~~“~
16 - / ™\
16 /’ .,
“ .i‘\,~
/ “‘n
/ .
/ .
10 o i,
i ....i...::.lll--lli.' m II'
[P e B
"-‘_.,- AT . v,
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p e
0 i L 1 ..,-—1{"" 1 I I ] I i 1 1 1 1 i 1 \
0 2 4 6 6 10 12 14 18 18 200 22 24 20 286 30 32 34
Mode of Weibull density {T-t-2) vears
i BENZENE AT LEVEL 2 =@ MACHINING FLUIDS

T = gpe ot ceatiy t = ags at axposurd.
Shapa paramater of Waibull is 2.
Ratarancea madel has age, caathyr only
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FIGURE -7 RETICULUM-CELL SARCOMA “
INDUGTION=LATENCY ANALYSIS III-61
aenmrloto: yomr of hlew

2 x decrease in log likelihood {dfe2)

16
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