Downloaded from http://oem.bmj.com/ on September 15, 2016 - Published by group.bmj.com

Workplace

'Department of Environmental
and Occupational Health,
George Washington University,
Milken Institute School of
Public Health, Washington,
DC, USA

“Department of Environmental
Health Sciences, University of
California Berkeley, Berkeley,
California, USA

3Department of Biostatistics,
Boston University School of
Public Health, Boston,
Massachusetts, USA

“Division of Nephrology, Tufts
Medical Center, Boston,
Massachusetts, USA

Correspondence to

Dr Katie M Applebaum,
George Washington University,
Milken Institute School of
Public Health, Department of
Environmental and
Occupational Health, 950 New
Hampshire Ave. NW Suite 400,
Washington DC 20051, 202-
994-8043, USA;
kapplebaum@gwu.edu

Received 12 April 2016
Revised 24 June 2016
Accepted 1 July 2016
Published Online First
2 August 2016

CrossMark

To cite: Shrestha D, Liu S,

Hammond SK, et al. Occup

Environ Med 2016;73:656—
662.

ORIGINAL ARTICLE

Risk of renal cell carcinoma following exposure
to metalworking fluids among autoworkers

Deepika Shrestha,' Sa Liu,? S Katharine Hammond, Michael P LaValley,?
Daniel E Weiner,* Ellen A Eisen,” Katie M Applebaum’

ABSTRACT

Objectives Metalworking fluids (MWF), used to cool
and lubricate metal in occupational settings, are linked
to several cancers but data on kidney cancer are limited.
We examine how MWF influence the rate of renal cell
carcinoma (RCC) in a large prospective study.

Methods A cohort of Michigan autoworkers consisting
of 33 421 individuals was followed from 1985 to 2009.
The cohort was linked to the Michigan Cancer Registry
to identify new cases of RCC. We analysed RCC in
relation to cumulative exposure to each specific type of
MWEF (straight, soluble and synthetic) and all 3 types
pooled into a single MWF variable, with a 15-year lag.
Cox proportional hazards regression with splines were
used to estimate hazard ratios (HRs) and 95%
confidence intervals (Cls), controlling for age, gender,
race, calendar year, year hired, time since hire, plant and
other MWF types.

Results There were 135 incident cases. A linear
increase in the log-HR was observed for RCC with
increasing cumulative exposure to each MWF type and
total MWF exposure. At the mean of total MWF
exposure (18.80 mg/m3-year), the estimated HR was
1.11(95% Cl 1.04 to 1.19).

Conclusions Our results provide evidence for a dose-
dependent association between MWF exposure and
RCC. The influence of components of oil-based and
water-based MWF needs further examination.

INTRODUCTION

In the USA, there are ~61 560 newly diagnosed
kidney cancers and 14 080 kidney cancer deaths
annually,' yet our knowledge of environmental and
occupational risk factors for kidney cancer is
limited.> The National Institute for Occupational
Safety and Health (NIOSH) estimates that millions
of American workers are exposed to known or sus-
pected carcinogens in the workplace,® and evidence
suggests that at least 3-6% of all cancers worldwide
are attributable to carcinogen exposure in the
workplace.* Yet, even among occupational expo-
sures found to be carcinogenic, the impact on
kidney cancer may be unrecognised. Reflecting the
kidney’s role in filtering and clearing toxicants
from the blood, the kidney may be exposed to
higher levels of potential carcinogens.

Among occupational exposures that may be
harmful to the kidney are metalworking fluids
(MWF), a complex mixture of water-based and/or
oil-based fluids and additives used to lubricate and
cool metals during cutting and grinding operations.

What this paper adds

» Although the International Agency for Research
on Cancer (IARC) has classified components of
metalworking fluids (MWF) as carcinogens,
research on MWF and kidney cancer generally
or renal cell carcinoma (RCC) specifically has
been limited.

» In this prospective cohort study, there was a
linear increase in the log-HR for RCC incidence
with increasing cumulative exposure to straight,
soluble and synthetic MWF and for all three
types of MWF combined.

» The association between MWF and RCC was
strongest for white males, though black males
had a higher background risk of RCC.

» An industrial hygiene review indicated that
asbestos and solvents were uncommon
exposures in limited operations, and thus
unlikely confounders.

» Recommended exposure limits for MWF are
currently based on preventing respiratory
effects. However, in light of the risks MWF
pose for cancer at various sites including the
kidney, exposure limits deserve consideration
with respect to preventing long-term health
effects.

The International Agency for Research on Cancer
(IARC) classified mineral oils as a human carcino-
gen in 1984,° and NIOSH in 1998 also recognised
the substantial evidence for cancer in workers
based on elevated risk observed for cancers at dif-
ferent sites.” NIOSH has estimated that over a
million workers in the machining and metalwork-
ing operations in the USA are exposed to MWE’
MWEF use initially involved dermal exposure to
workers, but as the process mechanised, MWF
were increasingly aerosolised, with greater oppor-
tunity for inhalation and ingestion. Although the
composition of MWEF can vary over time and for
different operations, they are often classified as
straight (neat or mineral oils), soluble (a mixture of
mineral and water-based) and synthetic (water-
based, no oil) fluids. Although MWF have, in
general, influenced the risk of several cancer sites,
including the skin, stomach, rectum, larynx,
bladder and pancreas, those relationships have
varied by fluid type.’™" Straight MWEF contain
polycyclic aromatic hydrocarbons (PAHs), which
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can react with DNA molecules, potentially forming adducts
that, if not repaired, can lead to mutations following cellular
replication and, eventually, clinically apparent cancer.® 1% Also,
in straight MWE, N-nitrosodiethanolamine (NDELA)'? can
form. This byproduct of nitrite and amine additives is carcino-
genic in animal models'® and may have similar potential in
humans.'* Soluble oils are water-based oil emulsion and contain
anticorrosive agents, such as amines and nitrites. Synthetic fluids
do not contain oils, but instead are alkaline solutions with bio-
cides added to ward off bacterial growth in the water-based
fluid.

Previous occupational cohort studies with fewer than 10'57!8
or 20 cases'”™! provide an inconsistent picture of whether
MWE increase,’> 7 20 22 decrease!” or have no influ-
ence'® '8 2! 23 on kidney cancer risk. In addition to low case
numbers, these studies lacked any exposure assessment for
MWE. Occupational cohort studies have not previously pro-
vided an opportunity to study a larger number of incident
kidney cancer cases with quantitative exposure estimates to fully
examine the relationship between MWF and kidney cancer.

We investigate the relationship between exposure to MWF and
renal cell carcinoma (RCC) in the United Autoworkers-General
Motors (UAW-GM) cohort. UAW-GM is unique because it is a
large cohort followed for decades with quantitative exposure
estimates for each of the three main types of MWEF. We are inter-
ested in RCC specifically, which is the predominant type of
kidney cancer and occurs in the renal parenchyma.*

MATERIALS AND METHODS

The UAW-GM cohort and exposure assessment have been
described previously.”* 2° The full cohort consists of 46316
workers from one of three Michigan automobile manufacturing
plants. All hourly autoworkers at three plants who ever worked
between 1941 and 1984 were initially eligible for mortality
follow-up if they worked at least 3 years and had work histories
at least 50% complete. Information on date of birth, date of
hire, race, plant and gender were obtained through the
employer records. With cancer incidence follow-up starting in
19835, all participants were prevalent hires, meaning they had all
been hired prior to the start of follow-up and were alive at the
beginning of the observation period.>” 2 About 8% of the par-
ticipants in the cancer incidence follow-up were initially of
unknown race but were classified as whites based on a priori
time-specific and plant-specific information records.?®

Exposure assessment
The estimated exposure to each type of MWF (straight, soluble,
synthetic) by job, year and plant has been detailed previ-
ously.”> 2° 3% Briefly, airborne exposure measurements of total
particulate matter (mg/m’) were taken by the company, indus-
trial hygienists and researchers across a combination of plant,
department and job types over time. This information was
linked to individual work histories, which were available
through 1994 and annual exposures to each MWF was esti-
mated. If there were gaps in the work history information for
individual participants, exposures were interpolated by aver-
aging the exposure information from previous and subsequent
jobs. Cumulative exposures to the three MWF (mg/m’-year)
were then calculated as time-varying exposures for each partici-
pant. Total cumulative exposure to MWEF (all three types com-
bined) was also determined. Cumulative exposure was lagged
15 years to allow for a latency period.

Working in automotive plants potentially involved other occu-
pational exposures that may act as confounders for the

relationship of interest. In particular, more information was
sought on workers’ exposure to asbestos and solvents as these
have been associated with kidney cancer.*'=*® For one solvent
specifically, trichloroethylene (TCE), growing evidence supports
a relationship with RCC.3! 3*

Using information gathered from industrial hygiene (IH)
activities at the three plants, two members of the original study
IH team (SKH and MFH) together with a third industrial
hygienist (SL) reviewed existing records gathered during study
data collection periods. This included information collected
when study industrial hygienists returned to two of the plants
for additional data on solvents, asbestos and acids.>® Solvent use
descriptions were obtained through interview of facility man-
agers, which informed of when, where and why solvents were
used in different operations/departments and what specific sol-
vents were used. In addition, ITH air sampling records were
obtained. The majority of the solvent data came from two of
the three GM facilities examined in this cohort study. Data on
asbestos came from all three plants. Data included plant, job,
date, the specific solvent and airborne concentrations. This
reflected IH measurements taken between 1971 and 1990. We
abstracted more detailed data on four chlorinated solvents,
TCE, methyl chloroform, methylene chloride and perchloro-
ethylene, to inform on which operations these substances were
used and over what time periods.

Outcome ascertainment

We linked the cohort to the Michigan Cancer Registry, which
began data collection in 1985, resulting in a follow-up period
for cancer incidence from 1985 to 2009. At the start of
follow-up, 33 421 participants were alive and eligible to be
included. The National Death Index was used to identify deaths
and date of death.

From the cancer registry data, we classified as RCC those
indicated as having International Classification of Diseases—
Oncology Third Edition (ICD-O-3) code of C64.9 and exam-
ined morphology codes. Follow-up for each participant ended
at the time of death, the time case was diagnosed or on 31
December 2009, whichever occurred first.

Statistical analyses

We used Cox proportional hazards regression to estimate hazard
ratios (HRs) and 95% confidence intervals (CIs) as an estimate
of incidence rate ratios for the association between MWF and
RCC. Risk sets were constructed based on time since hire as the
time metric. We first generated lagged cumulative exposure to
total MWF (all three types combined), as total exposure allows
for consideration of the impact of MWF overall and provides
the greatest power in terms of total number of exposed cases.
Next, we lagged cumulative exposure to each of the three
MWE. We used penalised splines to examine the shape of the
exposure-response curves, selecting the fit of the spline by
allowing the model to identify the optimal Akaike’s Information
Criteria (AIC). Nearly all models chose 1 degree of freedom,
indicating a linear relationship on the log-HR scale, unless
otherwise indicated. We also estimated the association using a
continuous term for MWF to assess a linear trend, only among
those who had any exposure to MWE Models adjusted for age
(continuous), race (black, white), gender, calendar year (time-
varying), year of hire (continuous) and plant. In models with
splines for a single MWF type, the other two MWF were con-
trolled for using two linear terms. Further, we a priori stratified
by race, investigating this in men only due to the low number of
woman enrolled. R software (V.3.2.0, R development core team,
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Vienna, Austria) and SAS V9.4 (SAS Institute Inc., Cary, North
Carolina, USA) were used. The study research protocols were
approved by the Institutional Review Board at University of
California, Berkeley (Berkeley, California, USA).

RESULTS

The study population was mostly men (86.5%) and white
(81.2%; table 1). Mean time since hire at baseline was
21.7 years and mean age was 47 years old. At baseline, 51.8%
of participants were exposed to at least one type of MWE, with
29.4% exposed to straight fluids, 50.2% to soluble fluids and
13.9% to synthetic fluids.

During the follow-up period, 135 RCC cases occurred, 114
among whites (106 males and 8 females) and 21 among blacks
(19 males and 2 females). The crude incidence rate was 285/
1 000 000 person-years for overall participants, 299/1 000 000
person-years for white males and 357/1 000 000 person-years
for black males. Compared with overall at-risk person-time,
cases were generally older, employed for longer duration and
had higher mean exposure to the three MWF (data not shown).

The penalised spline model for incident RCC and total MWF
(all three types combined) is shown in figure 1A. There was a
log-linear increase in the HR for RCC with increasing cumula-
tive MWF exposure. The slope of the association was steeper
when restricted to white males (figure 1B). For white males, the
association was statistically significant at the mean cumulative
exposure for exposed cases (mean 18.8 mg/m>-year; HR=1.11,
95% CI (1.04 to 1.19; table 2)). For black males, the low
number of exposed cases provided limited power (figure 1C).

We next examined the relationship between RCC and specific
MWEF among white males. We observed that the risk of RCC
increased regardless of fluid type (figure 2). In table 2, we
display HRs at specific positions along the splines (eg, 50%,
75% and 90% of the exposure distribution) for white males. At
the median, mean and 75% for cumulative exposure to total
MWF (9.60, 18.80 and 21.87 mg/m>-year, respectively), the
association with RCC was elevated and statistically significant
(HR 1.06, 95% CI (1.05 to 1.06); 1.11, 95% CI (1.04 to 1.19);
1.13, 95% CI (1.02 to 1.24), respectively). Examining across
fluid types, the median cumulative exposure was noticeably
lower for synthetic fluids (0.48 mg/m>-year) compared with the
two other fluid types, explained by its later introduction into
the cohort. At this median value, synthetic fluids had an ele-
vated HR of 1.01, 95% CI (1.00 to 1.01). The HRs for straight
and soluble fluids were also elevated (straight HR 1.01, 95% CI
(0.99 to 1.02); soluble HR 1.02, 95% CI (0.99 to 1.05))
at their respective median cumulative exposure (straight 0.93
mg/m>-year; soluble 6.73 mg/m>-year).

With splines selecting a linear model for the log-HR, we also
restricted the analysis to those who had been exposed to any
MWEF type and generated a Cox proportional hazards model
with a linear term for total MWF exposure to assess trend (data
not shown). Among the exposed participants, there was a bor-
derline statistically significant increasing linear trend for RCC
and total MWEF (p value of 0.05).

As for the potential for exposure to other occupational sub-
stances, that is, solvents and asbestos, the review of IH records
identified a total of 618 samples for 35 solvents and 2913
samples for asbestos. The arithmetic mean for the 29 TCE mea-
surements was 29.5 ppm (Standard deviation (SD) 77.2 ppm),
which is higher than the current threshold limit value (TLV) of
10 ppm, but lower than the TLV of 50 ppm at the time the
samples were taken. While IH sampling revealed that eight of the
TCE measurements were substantially above 10 ppm, because

Table 1 Characteristics of autoworkers at baseline in 1985

Characteristics

33 421
46.98 (14.13)

Number of participants
Age, mean (SD)
Gender, n (%)

Male 28 908 (86.50)

Female 4513 (13.50)
Race, n (%)

White 27 148 (81.23)

Black 6273 (18.77)
Plant, n (%)

Plant 1 7508 (22.46)

Plant 2 14 274 (42.71)

Plant 3 11 639 (34.83)

1964 (11.05)
21.70 (11.04)

Calendar year of hire, mean (SD)
Years since hire, mean (SD)
Any MWF exposure, n (%)
Non-exposed
Exposed
Cumulative exposure, mean (SD)
Straight MWF,* n (%)
Non-exposed
Exposed
Cumulative exposure, mean (SD)
Soluble MWF,* n (%)
Non-exposed
Exposed
Cumulative exposure, mean (SD)
Synthetic MWF,* n (%)
Non-exposed
Exposed
Cumulative exposure, mean (SD)

16 099 (48.17)
17 322 (51.83)
7.74 (16.50)

23 585 (70.57)
9836 (29.43)
1.63 (8.56)

16 644 (49.80)
16 777 (50.20)
5.71 (12.60)

28 773 (86.09)
4648 (13.91)
0.40 (2.96)

*MWF exposure in units of mg/m-year with 15-year lag.
MWF, metalworking fluids.

these measurements were mostly short-duration samples with
varying sampling time (30-270 min), the full shift time-weighted
average could be lower than the measured air concentration. TCE
was used mainly for painting, solvent tank and degreaser-related
operations. IH measurements for the other chlorinated solvents
were much lower than their current TLVs (data not shown); MWF
were not used in the paint departments, and there were very few
solvent tanks (<10) at these large facilities, so few of those in the
MWEF exposed group would have been exposed to vapours from
these tanks. None of the average air concentrations for non-
chlorinated solvents with more than 10 IH measurements
exceeded their current TLVs. However, the maximum concentra-
tion for formaldehyde, toluene and ethanolamine exceeded their
TLVs. No asbestos parts were manufactured at any of the plants.
Potential for asbestos exposure occurred in the assembly depart-
ments (Clutch Department, Transmission Assembly, Brake
Assembly and Axle Assembly) or among construction tradesmen,
such as electricians and pipefitters, not the departments which
used MWE so asbestos is not a confounder for MWE

DISCUSSION

Using time-varying quantitative exposure estimates, we observed
increasing exposure-response patterns for total MWF and RCC.
From penalised splines, the relationship with total MWF was
strongest when examining white males only. There was a
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Figure 1

The association between total metalworking fluids (MWF; all types combined, cumulative exposure (mg/m3-year)) and incidence of RCC

(A) among all participants, (B) white males and (C) black males in the United Autoworkers-General Motors cohort, 1985-2009. Cox proportional
hazards regression models using penalised splines controlled for age, gender, race, calendar year, year hired, plant and used time since hire as the
analytic timeline. The thick line represents the HR for Total MWF and the dotted lines are the 95% Cl. The solid horizontal line represents the null
value. The rug plot along the bottom horizontal axis indicates the person-time distribution by exposure. Each spline was truncated at the 99th
centile of total MWF (A) all participants (91.5 mg/m3—year), (B) white males (93 mg/m3—year), (C) black males (99 mg/m3—year). MWF, metalworking

fluids; RCC, renal cell carcinoma.

statistically significant association in the HR at the mean of
exposed cases among white males (mean 18.80 mg/m>-year, HR
1.11, 95% CI (1.04 to 1.19)).

The association was apparent for total MWF and fluid-specific
analyses suggested that more than one MWF may influence this
association. The exposure assessment involving quantitative esti-
mates of specific MWF types is an advantage of the UAW-GM
cohort. This detailed exposure assessment has been instrumental
in identifying how specific MWF may have different relation-
ships with a cancer site. For example, several cancer sites such
as prostate,”® *’ malignant melanoma®® and bladder cancer’®
were related only to fluids containing petroleum-based mineral
oils. On the other hand, pancreatic cancer was weakly asso-
ciated,*” while lung cancer was inversely associated*® with syn-
thetic fluids. When cancer at a site is pronounced for one type
of fluid, it suggests that a particular composition of the fluid is
influential and provides a clue to cancer aetiology. For RCC, the
risk appeared to increase with more than one fluid type.
Therefore, there may be additional considerations and likely
more than one pathway to disease.

Mineral oil-based fluids (straight and soluble) contain PAHs,
which are known carcinogens.*’ These may also contain
naphthenes, paraffins, sulfur and chlorine additives, and fatty
0il.'* Soluble fluids contain emulsifying agents to maintain the
oil-water mix and water-based fluids (synthetic and soluble).
Wiater-based fluids may also contain organic esters, polyglycols,
biocides and corrosion inhibitors. Among anticorrosive agents
are ethanolamines and, when combined with nitrites, may form
nitrosamine. NDELA is one type of ethanolamine that is poten-
tially carcinogenic.'* ** In mice, diethanolamine exposure was
found to be related to renal tubule neoplasms.** All types of
MWF may also contain medium-chain chlorinated paraffin as a
pressure additive, though there is concern that this exposure
increases risk for kidney toxicity.** Therefore, the fluids and
their additives contain a number of substances that may affect
the kidney.

In addition, impurities that get introduced into MWEF during
metalworking operations may be a factor. MWF remove from
work surfaces small particles that are released from the metal
during the various metalworking operations. For example, in
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Table 2 Estimated exposure—response for the association between
MWEF and renal cell carcinoma from penalised spline regression
among white males in the United Autoworkers-General Motors
cohort, follow-up period 1985-2009

Renal cell carcinoma (n=106 cases,
person-years=445 056)

HR (95% Cl)

Cumulative MWF exposure mg/m>-year*

Total MWF (all types combined), 15-year lagt

Median 9.60 1.06 (1.05 to 1.06)
Mean 18.80 1.11 (1.04 to 1.19)
P75 21.87 1.13 (1.02 to 1.24)
P90 43.08 1.27 (0.97 to 1.66)
Straight MWF, 15-year lagt
Median 0.93 1.01 (0.99 to 1.02)
Mean 7.05 1.05 (0.99 to 1.10)
P75 18.20 1.14 (0.95 to 1.35)
P90 18.47 1.14 (0.96 to 1.36)
Soluble MWF, 15-year lag*
Median 6.73 1.02 (0.99 to 1.05)
Mean 12.46 1.02 (0.92 to 1.13)
P75 12.69 1.02 (0.92 to 1.13)
P90 29.27 1.03 (0.74 to 1.41)
Synthetic MWF, 15-year lagt
Median 0.48 1.01 (1.00 to 1.01)
Mean 3.54 1.05 (0.96 to 1.14)
P75 2.80 1.04 (0.97 to 1.10)
P90 7.60 1.10 (0.90 to 1.34)

*Median, mean, 75th centile (P75), and 90th centile (P90) were based on the
distribution of exposure among exposed cases.

tCox proportional hazard regression model controlled for age, calendar year, year
hired, plant and with time since hire as the analytic timeline.

$Cox proportional hazard regression model controlled for age, calendar year, year
hired, plant, and other MWF types and with time since hire as the analytic timeline.
MWF, metalworking fluids.

cutting and grinding operations, the metals on which this activ-
ity occurred may release small particles and these can get mixed
with the MWF and workers are exposed to the fluids and the
added particles principally through inhalation and dermal
routes. These contaminants may include steel, iron and alumi-
num. Aluminum has previously been associated with increased
risk of kidney cancer among aluminum plant workers.** Based
on experimental and human studies, IARC considered alumi-
num, iron, steel as group 1 carcinogens.*® *” In our analysis, we
examined aluminum, steel and iron based on duration of expos-
ure in workers. These were not confounders of the relationship
between MWF and kidney cancer nor were they independent
risk factors. It is possible that if these metal contaminants were
a factor, duration of exposure alone may not be an adequate
metric.

As briefed earlier, prior studies of exposure to MWF were
limited in their ability to investigate this relationship, in part,
due to lacking quantitative exposure estimates. These earlier
studies typically had smaller case numbers and a case definition
that was broader, including additional types of kidney cancer.
For example, one cohort study in the motor vehicle manufactur-
ing company reported a large number (n=100) of deaths from
kidney cancer and reported reduced standardisation mortality
ratios (SMR) for white men and elevated SMR for black men,
all with wide CIs.*® However, there was no mention of whether
the cases had ever had any direct exposure to MWE, let alone
the specific types of MWE Population-based case—control

<
= Straight MWF
— — Soluble MWF
= == Synthetic MWF
[s2]

Hazard Ratio
2

0 10 20 30 40 50 60
Cumulative MWF(mg/m3-yr),15-yr lag

Figure 2 The association between specific types of MWF and
incidence of RCC among white males in the United
Autoworkers-General Motors cohort, 1985-2009. Cox proportional
hazards regression models using penalised splines controlled for age,
calendar year, year hired, plant and used time since hire as the analytic
timeline. Individual splines for each MWF were generated separately,
adjusting for the other two fluids as linear terms. The solid horizontal
line represents the null value. The rug plot along the bottom horizontal
axis indicates the person-time distribution by cumulative soluble
exposure. The rug plot along the top horizontal axis indicates the
person-time distribution by cumulative synthetic exposure. Each spline
was truncated at the 99th centile of total soluble fluid for white males
(66 mg/m3-year). MWF, metalworking fluids; RCC, renal cell carcinoma.

studies indicated an elevated risk of RCC, but relied on self-
reporting of MWF exposure which is susceptible to recall
bias.*” *® We can also compare our results with occupational
studies that evaluated exposure to PAHs, a component of
concern in MWE Estimates from case—control studies ranged
from 1.6-fold to 9.3-fold increased risk of kidney cancer asso-
ciated with exposure of PAHs working with iron steel, coke,
coal tar pitch and asphalt, although these studies relied on self-
reported exposure.’! °2

We considered other occupational exposures as potential con-
founders of the relationship between MWF and RCC. After
examining available data on exposure to asbestos, solvents
overall, chlorinated solvents and TCE at the plants, the evidence
suggests that asbestos exposure was in departments which did
not use MWF while solvents were also used in a limited number
of areas, only a very few of which also used MWE. Solvents
were primarily used in painting, degreasers, hand cleaning of
repaired parts, construction and maintenance, and laboratory
analyses. MWF were not used in the paint or most of the other
departments. A very small number of employees were exposed
to solvents as a result of the cleaning operations, not all of
whom would have been exposed to MWE, although the actual
percentage of workers exposed to both MWEF and solvents
remains unclear. Chlorinated solvents including TCE were the
major solvents used in parts cleaning operations before late
1980s when solvents were replaced by aqueous cleaners. The
IH air sampling record indicates TCE had substantial air con-
centrations in one plant 1979-1989, but there were few tanks
in the large plant, so few workers would have been exposed to
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both MWF and TCE. However, since solvent use in general was
intermittent and moderate and most of the high air concentra-
tion measurements were from short-duration samples, the actual
full shift time-weighted average exposures was probably lower
than the measured air concentration. Nearly all of the measure-
ments for most of the other chlorinated and non-chlorinated
solvent measurements were under their respective TLVs, though
a few were found to have a limited number of measurements
exceeding the TLV. This review of IH data indicated that worker
exposure to solvents and asbestos could be above recommended
levels during specific tasks but overall were uncommon and in
limited operations. Moreover, asbestos exposure occurred in
departments that did not use MWF and, because solvents were
primarily used in painting and the few degreasing operations,
very few workers experienced overlapped exposures from sol-
vents and MWFs. Thus, asbestos and solvents are unlikely con-
founders for MWF associations reported here.

Analyses adjusted for age, gender, race, plant which autowor-
kers were employed, hired year and calendar year. Time-varying
calendar year adjusted the unmeasured constituents of exposure
related to time period and accounts for the industry-wide
changes in MWF content, the personal protective measures and
modification on plants ventilation or the changes in the diagno-
sis of the outcome. In addition, the present analysis involved
working with a cohort that is left-truncated.”® That is, only par-
ticipants who are still alive in 1985 were eligible for cancer inci-
dence follow-up and they had worked between 3 and more than
40 years prior to the start of follow-up in 1985 when cancer
registry activities started. Although we examined date of hire in
the analysis, the case data became too sparse to examine this
issue closely. Though if left truncation was influential, the true
association would be stronger than what is reported here.

We observed differences in the association of MWF and RCC
among white and black men. The trend for white males revealed
a steeper exposure-response relationship. For black males, the
association did not increase, though there were fewer than 20
cases among black men in this follow-up period. However, we
also note that the rate of RCC was higher in the black men of
this cohort (357 per 1 million person-years) than the white men
(299 per 1 million person-years). Exposure will appear to have
a larger impact on a relative measure of association when the
background rates are lower.>®

Our study has unique advantages over the previous studies on
MWEF and RCC. The GM-UAW cohort has been recognised for
its quantitative exposure assessment of MWF by type.® '° Other
strengths of this cohort include the diversity of the cohort and
its size, as well as the length and completeness of the follow-up
(<4% loss to follow-up).

We have attempted to evaluate potential occupational expo-
sures to asbestos and solvents based on available data collected
at the facilities. Results suggest limited potential for confound-
ing. There are several non-occupational risk factors for RCC**
that we are unable to control for, including smoking, dietary
factors, genetic and other comorbidities such as hypertension,
cardiovascular, obesity and diabetes. Though not impossible, we
think these are unlikely to be correlated with MWF exposures
and thus unlikely to undermine our results.

CONCLUSION

We observed a clear indication of exposure—response association
between MWF and RCC. In this study, we found the increased
relationship with each type of MWE, particularly synthetic
MWEF at a lower cumulative exposure. Further research integrat-
ing other comorbidities may provide insights into aetiology.

Cancers attributed to occupational disease place a heavy burden
on quality life of workers, in terms of financial cost as well as
human suffering.” Future research should examine specific com-
ponents and contaminants of MWF as well as molecular indica-
tors of kidney damage in order to better define pathways
leading to RCC. If MWF components of concern are identified,
perhaps the composition of the fluids could be modified or
other engineering controls implemented to protect worker

health.
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