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REVIEW

Occupational Trichloroethylene Exposure and Kidney
Cancer

A Meta-analysis

Michael A. Kelsh,a Dominik D. Alexander,b Pamela J. Mink,c,d and Jeffrey H. Mandele

Background: We conducted a meta-analysis of occupational stud-
ies of trichloroethylene-exposed workers to evaluate patterns of
associations by study design, exposure assessment methods, and
occupational groups.
Methods: Estimates of summary relative risk (RR) were calculated
using inverse-variance weighting methods. Cohort studies were
classified as group I or group II, depending on quality of the study
design and exposure assessment procedures. We conducted sensi-
tivity analyses to examine sources of heterogeneity.
Results: Across all studies meeting our inclusion criteria (n � 23),
the summary RR was 1.42 (95% confidence interval � 1.17–1.77),
with heterogeneity present (test for heterogeneity: P � 0.001). After
removal of 3 outlier studies, the summary RR for the remaining
studies was 1.24 (1.06–1.45 (test for heterogeneity: P � 0.616)).
The summary RR for studies of workers who were identified as
more likely exposed to trichloroethylene (group I studies) was 1.34
(1.06–1.68). With outlier studies removed, the group II summary
RR estimates for the cohort studies was 0.88 (0.58–1.33) and for the
case-control studies was 1.33 (1.02–1.73). The summary RR for
studies that used biomarkers to classify exposure (n � 3) was 1.02
(0.59–1.77) and for studies of aerospace/aircraft workers (n � 7)
was 1.14 (0.84–1.57).
Conclusions: Positive associations were observed across various
study groups. However, considerations of unmeasured potential
confounding, lack of quantitative exposure assessment and lack of
exposure-response patterns limit epidemiologic insight into the role
of trichloroethylene exposure and its potential causal association
with kidney cancer.

(Epidemiology 2010;21: 95–102)

Cancer of the kidney and renal pelvis account for approx-
imately 4% of all new cancer cases and 2% of cancer

deaths among US men and women.1 Worldwide, the inci-
dence of kidney cancer in men is twice as high as in women.2

Incidence and mortality rates for renal cell carcinoma have
increased over the past 30 years.3,4 Cigarette smoking, obe-
sity, and hypertension are the most commonly reported risk
factors.2,3,5,6 Inconsistent associations have been reported for
exposure to asbestos, polycyclic aromatic hydrocarbons, die-
sel exhaust, cadmium, and trichloroethylene.2–5,7

Trichloroethylene (also known as TCE) has been
widely used as a solvent since the early 1900s.8 It has been
used primarily in industrial degreasing involved with metal
fabricating and manufacturing, especially in the aircraft/
aerospace industry.8 Trichloroethylene is also used in dry
cleaning, textiles, leather processing, electronics, health ser-
vices, agriculture, and the food and chemical industry.8–10

However, workers engaged in metal degreasing appear to be
the most heavily exposed.8,11

Trichloroethylene has been shown in animals to pro-
duce higher rates of cancer of the kidney, liver, lung, and
hematopoietic tissue.11–17 However; these findings are not
consistent, and some effects appear to be specific only to
certain species or strains of animals.18,19 Reviews of the
epidemiologic evidence regarding the carcinogenicity of tri-
chloroethylene have not produced a consensus.20–23 In this
meta-analysis, we included recently published cohort studies
of Danish workers,24,25 aerospace workers,26,27 and electron-
ics manufacturing workers,28 and 3 case-control studies7,29,30

not evaluated in previous reviews. Our objectives were as
follows (1) to calculate summary relative risks and (2) to
examine potential sources of heterogeneity across studies.
We also conducted sensitivity and influence analyses, and
assessed the potential role of confounding, information bias,
selection bias, and publication bias.

METHODS

Literature Search
We searched Medline and EMBASE, specifying tri-

chloroethylene and human studies (including occupational
studies); trichloroethylene or organic solvents with case-
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control or cohort studies; degreasers and cancer; hazardous
waste sites and cancer outcomes; and trichloroethylene, or-
ganic solvents, or chlorinated solvents and kidney cancer or
renal cell cancer. We also searched the bibliographies of
recent review articles.20–23,31–34

Study Inclusion Criteria
We included epidemiologic studies that (1) used a cohort

or case-control study design; (2) examined occupational trichlo-
roethylene exposure and kidney cancer among workers; (3)
specifically identified trichloroethylene exposure by reference to
industrial hygiene records, individual biomarkers, job exposure
matrices, or industrial processes that involved the use of trichlo-
roethylene (cohort studies), or included questions regarding
trichloroethylene exposure (case-control studies); (4) reported
results specifically for kidney cancer or renal cell carcinoma; and
(5) presented associations as relative risk estimates with corre-
sponding measures of variability (eg, confidence intervals).
Case-control studies included in this meta-analysis assessed
trichloroethylene from self-reports of exposure or from job
exposure matrices.7,29,30,35–38 Case-control studies that collected
nonspecific or general exposure information such as “solvents”
or “chemicals,” or that analyzed findings by a single job title
only that is, without a job exposure matrix were not included.
Studies of dry cleaners and laundry workers were excluded
because of exposure classification and study design limitations.
Prior to the 1960s, dry cleaning work involved some exposure to
trichloroethylene in addition to carbon tetrachloride and Stod-
dard solvent; however, perchloroethylene has been the predom-
inant agent used in the dry cleaning industry since the early
1960s.8,39,40 Dry cleaners did comprise a small proportion
(�1%) of the study populations in 2 “multiple industry” studies
included in this meta-analysis.24,25 We identified a total of 25
peer-reviewed epidemiologic studies that assessed the rela-
tion between trichloroethylene exposure and kidney cancer
and met our inclusion criteria. Two of those studies reported
on largely overlapping cohorts26,27 leaving 24 studies in our
primary analyses.

Classification of Studies and Data Extraction
Cohort studies were categorized into 2 groups. Group

I studies (n � 10) specifically identified trichloroethylene
as a workplace exposure through biomonitoring, industrial
hygiene data, identified work practices, or job titles that
involved trichloroethylene. Group I studies also demonstrated
sufficiently complete enumeration of the workforce.24–27,41–46

Three cohort studies24,45,46 obtained urinary trichloroacetate
measurements from workers, whereas other studies25–27,41–44

assessed exposure to trichloroethylene through chemical
inventory, industrial hygiene, or other records (eTable,
http://links.lww.com/EDE/A354). Group II cohort studies (n �
7) were more limited in that they lacked specific, detailed
trichloroethylene exposure information. For the group II stud-
ies,28,47–52 the reports mentioned trichloroethylene but provided

little or no documentation of actual exposure28,47,50 or identified
trichloroethylene but did not specify an exposed subcohort51,52;
alternatively, the cohort consisted of aerospace or aircraft work-
ers who were presumed to be exposed to trichloroethylene
(eTable, http://links.lww.com/EDE/A354).48,49

Relative risk (RR) estimates and associated 95% con-
fidence intervals (CIs) were abstracted from each publication
for (1) analyses that reflected the entire cohort under study
(“total cohort”), or the exposure category that included all
trichloroethylene exposed workers; (2) the “Subcohort” of
workers in the group I cohort studies that were identified
specifically as more likely exposed to trichloroethylene; and
(3) exposure-response results (cumulative exposure or dura-
tion of exposure/employment). For studies based on urinary
trichloroacetate monitoring,24,45,46 the same data were used in
both the total cohort and subcohort analyses. One group I
cohort study did not specifically report data for an exposed
subcohort and kidney cancer,44 and was included only in the
total cohort analyses. Two studies26,27 analyzed largely over-
lapping populations from the same occupational cohort in
Southern California (Rocketdyne): Zhao et al27 evaluated
kidney cancer incidence whereas Boice et al26 evaluated
kidney cancer mortality among the total cohort and a smaller
group of workers identified as being more likely to have been
exposed. The Boice et al study cohort was larger (n � 8372)
and included more follow-up time (1948–1999) than the
Zhao et al study (n � 5049 male workers follow-up from
1988–2000). Data from Boice et al were used in our primary
meta-analysis, and we conducted sensitivity analyses using
Zhao et al results were used in the separate analyses of kidney
cancer incidence. For cohort studies that had been updated,
we used the most recently published findings.43,45 Results for
men and women were combined.

Most studies reported results for malignant neoplasms of
the kidney and renal pelvis together (ICD versions 8 and 9 codes
189.0 and 189.1, respectively). In 2 group II cohort studies,
cancer of the kidney was combined with cancer of other urinary
organs.48,49 Excluding these studies from the meta-analyses,
however, did not materially change summary estimates.

Statistical Analysis
We conducted separate meta-analyses for group I co-

hort studies (total cohort and subcohort), group II cohort
studies, group I and II cohort studies combined, case-control
studies, and all types of studies combined. In addition, we
conducted separate analyses of studies of (1) cancer incidence
studies, (2) workers who were biomonitored for trichloroeth-
ylene exposure, (3) workers in the aircraft/aerospace industry,
(4) workers from multiple industrial groups that used trichlo-
roethylene, (5) duration of exposure/employment, and (6)
cumulative exposure. Random effects meta-analysis methods
were used to calculate summary estimates of relative risk and
95% CIs, with estimates of individual studies weighted by the
inverse of their variance. We also conducted univariate meta-
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regression analyses by study classification and study design.
The relative influence of each study on the summary RR was
examined by calculating a summary RR that included all
studies, followed by recalculation of the summary RR after
removing each study one at a time. Publication bias was
assessed by evaluation of funnel plots and use of the Begg
and Matzumdar test and Egger regression method.53

All analyses were performed using Comprehensive
Meta-Analysis version 2.2.04654 and verified by Episheet.55

RESULTS
A table in the electronic appendix summarizes char-

acteristics of the studies, including the size of the study
population, type of industrial/occupational group, follow-up
time or enrollment periods, exposure assessment methods,
and approximate trichloroethylene exposure levels (eTable,
http://links.lww.com/EDE/A354). Study-specific kidney can-
cer results are also summarized in this table. The group I

cohort studies consisted of 5 US studies of aerospace manu-
facturing or aircraft maintenance workers, 1 study of uranium
processing workers, and 4 European studies of workers from
various industries using trichloroethylene. Three of the Euro-
pean studies used urinary trichloroacetic acid measurements to
identify trichloroethylene-exposed workers. The 7 group II co-
hort studies consisted of aircraft, electronics, Coast Guard, mil-
itary, and cardboard manufacturing workers. Of the 7 case-
control studies, one was nested within a cohort of transformer
assembly workers37 and one analyzed French workers from a
region where trichloroethylene was used in a screw cutting
industry.30 Three case-control studies were hospital-based and
one identified cases from a statewide cancer surveillance system.

All Studies Combined
The summary RR for all studies combined (group I

�total cohort data�, group II cohort, and case-control studies)
was 1.30 (95% CI � 1.04–1.61). Strong heterogeneity was

TABLE. Summary of Meta-analysis Results of Occupational Trichloroethylene Exposure and
Kidney Cancer

Studies/Study Groups Included in Analysis
No.

Studies SRRE (95% CI)

Test for
Heterogeneity

P

All studies

All studies: total cohort data 23 1.30 (1.04–1.61) �0.001

All studies: subcohort data from group I studiesa 23 1.42 (1.13–1.77) 0.001

All studiesa: data from outlier studies removedb 20 1.24 (1.06–1.45) 0.616

Cohort studies

Group I cohort studies: subcohort datac 8 1.34 (1.07–1.67) 0.854

Group II cohort studies 7 1.58 (0.75–3.32) �0.0001

Group II studies: data from outlier studies removedd 5 0.88 (0.58–1.33) 0.985

Cohort studies—cancer incidence findings summarized

All cohort studiesa 16 1.34 (1.00–1.81) 0.011

All cohort studiesa: data from outlier studies removedd 14 1.19 (0.98–1.44) 0.826

Group I and group II cohort studiesa: aircraft/aerospace
worker cohorts

7 1.14 (0.84–1.57) 0.588

Group I cohort studiesa: aircraft/aerospace worker cohorts
(note: mortality studies conducted in the United States)

4 1.44 (0.94–2.21) 0.579

Group I cohort studiesa: worker from various industries
(note: incidence studies conducted in Europe)

4 1.31 (1.01–1.69) 0.754

Group I cohort studies: workers biomonitored for TCE
exposure (all conducted in Europe)

3 1.02 (0.59–1.77) 0.899

Case control studies

All case-control studies 7 1.57 (1.06–2.30) 0.003

Case-control studies: data from outlier studies removede 6 1.33 (1.02–1.73) 0.143

Exposure response

Duration of exposure/employment: shortest 7 1.50 (0.96–2.36) 0.272

Duration of exposure/employment: longest 7 1.24 (0.69–2.23) 0.085

Cumulative exposure: low 3 1.29 (0.68–2.47) 0.330

Cumulative exposure: high 3 1.39 (0.75–2.59) 0.331

aTCE-exposed subcohort data used for the group I cohort studies.
bVamvakas et al,36 Henschler et al,52 and Sinks et al47 removed.
cRitz44 included in the group I total cohort analysis but not the subcohort analysis, as these data were not reported.
dHenschler et al52 and Sinks et al47 removed.
eVamvakas et al36 removed.
SRRE indicates summary relative risk estimate.
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present (test for heterogeneity: P � 0.001). This heterogene-
ity remained when analysis was restricted to the trichloroeth-
ylene-exposed subcohorts from group I and all other studies
(1.42 �1.13–1.77; test for heterogeneity: P � 0.001�) (Table,
Fig. 1). Three studies were limited in study design, exposure
assessment, or control selection procedures.36,47,52 After ex-
cluding these 3 studies, the summary RR was 1.24 (1.06–1.45
�test for heterogeneity: P � 0.62�).

Cohort Studies
The summary RR for the group I cohort studies was

1.34 (1.07–1.67; test for heterogeneity: P � 0.85) (Table, Fig.
2). The Raaschou-Nielsen et al study25 contributed the great-
est relative weight (57%) and other studies each contributed
a relative weight of 9% or less. Removal of this large study
slightly reduced the estimate to 1.27 (0.90–1.78; test for
heterogeneity: P � 0.79). The result for the 3 studies with
biomonitoring was 1.02 (0.59–1.77; test for heterogeneity:
P � 0.90) (Table). Among aerospace/aircraft worker cohorts,
the estimate was 1.44 (0.94–2.21) for group I studies and

1.14 (0.84–1.57) for group I and II studies combined (Table).
Among workers from various industries (all European stud-
ies), the summary RR was 1.31 (1.01–1.69, test for hetero-
geneity: P � 0.75) (Table).

Meta-analysis of the 7 group II cohort studies resulted
in a summary RR of 1.58 (0.75–3.32); (test for heterogeneity:
P � 0.001) (Table, Fig. 1). After excluding the 2 potential
outlier studies, the estimate was 0.88 (0.58–1.33) with no
heterogeneity (P � 0.99) (Table).

Case-Control Studies
The summary RR for the 7 case-control studies was

1.57 (1.06–2.30), test for heterogeneity: P � 0.003 (Table,
Fig. 1). Excluding one study with many limitations36 lowered

FIGURE 2. Meta-analysis of occupational trichloroethylene ex-
posure and kidney cancer: Individual study results and sum-
mary relative risks for trichloroethylene-exposed subcohorts in
group I studies.

FIGURE 3. Meta-analysis of occupational trichloroethylene ex-
posure and kidney cancer: Individual study results and sum-
mary relative risk estimates for duration of exposure/employ-
ment (Data for Ritz44 included kidney and bladder cancer
cases; data for Costa et al48 included urinary system cases.)

FIGURE 1. Meta-analysis of occupational trichloroethylene ex-
posure and kidney cancer: Individual study results and sum-
mary relative risk for all studies (with studies that followed-up
cluster investigations removed: Henschler et al,52 Vamvakas et
al,36 Sinks et al47) summary RR � 1.24 (1.06–1.45); P value for
heterogeneity � 0.616. For group I cohort studies, TCE-
exposed subcohort data used when available.
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the summary odds ratio and decreased heterogeneity (1.33
�1.02–1.73, test for heterogeneity: P � 0.14�). Six studies
adjusted for smoking, 3 studies adjusted for BMI, and 2
studies adjusted for hypertension.

Analysis of Exposure Response and
Publication Bias

Analysis of 10 studies with data on exposure categories
showed no apparent exposure response patterns by duration
or cumulative exposure (Table, Figs. 3, 4). Using funnel plots
to assess potential publication bias, we observed slight asym-
metry and identified 3 outlier studies36,47,52 (Fig. 5). We
conducted meta-analyses including and excluding these stud-
ies. Overall, statistical evaluations did not confirm publica-
tion bias, although the power to demonstrate this bias is
generally low.53

DISCUSSION
A recent committee review by the National Research

Council recommended that meta-analysis of trichloroethylene
and cancer should (1) identify and include all relevant studies
and if studies are excluded, provide objective criteria for
exclusion, (2) avoid use of subjective quality scoring, (3)
assess heterogeneity, (4) analyze all studies combined (unless
this introduces heterogeneity), and (5) conduct sensitivity
analyses.56 All of these standard procedures for meta-analysis
have been applied in this review.57 In addition, this meta-
analysis included (1) recently published studies; (2) evaluated

subgroups of studies defined by type of work, exposure
assessment methods, and study design; (3) assessed expo-
sure-response patterns; and (4) evaluated potential biases.

Group I Cohort Studies
The group I cohort studies used better exposure assess-

ment methods compared with group II studies and had po-
tentially more homogeneous trichloroethylene exposure com-
pared with the case-control studies. However, the number of
kidney cancer cases in most group I cohort studies was low.
The 3 European cohort studies with biomonitoring had 4–7
cases each; the US aerospace/aircraft workers studies had
7–15 cases in the exposed subcohorts and 30–125 cases in the
total cohorts. The Danish study25 had a total of 103 kidney
cancer cases; the standardized incidence ratio was 1.2 (95%
CI � 0.9–1.5) among all blue-collar workers (76 cases) and
1.4 (1.0–1.8) among the subcohort of blue-collar workers
who were potentially more highly exposed (53 cases)
(eTable, http://links.lww.com/EDE/A354). One of the air-
craft-maintenance-worker studies43 appeared to have some of
the highest trichloroethylene exposures and reported no over-
all excess risk or exposure-response pattern (eTable). This
study was recently updated with follow-up through the year
2000, with similar results.58 The group I cohort studies had
summary relative risk estimates ranging from 1.0 (biomoni-
toring) to 1.44 (aerospace workers), with an overall estimate
of 1.34 (1.07–1.64).

Group II Cohort Studies
The group II cohort studies had less-specific trichloro-

ethylene exposure information. Some of those studies had
other design limitations including short latency,28 lack of
individual exposure data, and limited exposure information
(eg, material safety data sheets information only47). Hen-
schler et al52 conducted a small cohort study of 169 workers
exposed to trichloroethylene at a cardboard factory in Ger-
many, where exposures are reported to be relatively high
(eTable). Numerous limitations of this study have been dis-
cussed in previous reviews.20,21,23 After excluding 2 studies

FIGURE 4. Meta-analysis of occupational trichloroethylene ex-
posure and kidney cancer: All studies: Individual study results
and summary relative risk estimate for cumulative exposure
(Morgan et al42: TCE categorization of high and low based on
months of exposure multiplied by potential exposure score.
Charbotel et al30: Cumulative exposure categorization calcu-
lated based on total exposure doses for each job period and
duration in each job period.)

FIGURE 5. Funnel plot of standard error by log relative risk:
occupational studies of kidney cancer.
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that introduced considerable heterogeneity and had serious
design limitations, the group II studies do not indicate excess
kidney cancer risk among workers potentially exposed to
trichloroethylene (Table).

Case-Control Studies
The findings of the case-control studies were mixed—

some reported positive associations and others reported
equivocal or no associations. Two studies in one region of
Germany identified an increased risk of kidney cancer related
to self-reported trichloroethylene exposure or work his-
tory.29,36 Vamvakas et al conducted a case-control study
using cases defined as all renal cell cancer patients from the
Urology Department of a specific hospital in Germany. How-
ever, shortcomings in case identification procedures, selec-
tion of controls, potential interview bias, and problems with
matching may have led to biased results.20,21 The Bruning et
al study29 improved upon several study design aspects of the
Vamvakas et al study; however, hospital referral patterns in
the region and the use of hospital-based controls may have
introduced bias. All other studies collected data on work
histories and job titles that were incorporated into a job-
exposure matrix for trichloroethylene. Studies of self-re-
ported trichloroethylene exposure reported higher relative
risks than those based on a matrix, which could either
indicate a cancer effect or reflect potential recall bias. A more
recent investigation of occupational exposures in a wider
region of Germany did not find substantial increases in renal
cell cancer risk among men with “high exposure” to trichlo-
roethylene.7 Among French workers there was an expo-
sure-response trend, with an odds ratio of 2.2 in the high
cumulative-exposure group.30 Greenland et al37 reported
no increased risk of kidney cancer among workers from a
US transformer assembly plant. Similarly, Siemiatycki35

evaluated self-reported trichloroethylene exposure as well as
specific occupations and industries, and did not find elevated
odds ratios for kidney cancer. In summary, the interpretation
of the case-control studies depends largely on the weight
given to, and the validity of, the 2 German studies. If these
are included, the estimate is 1.59 (1.00–2.54; test for heter-
ogeneity: P � 0.002); if excluded, the estimate is 1.14
(0.93–1.76; test for heterogeneity: P � 0.80).

Exposure Assessment
A recent comprehensive review of trichloroethylene

exposure in the United States reported several general trends
relevant to this meta-analysis (1) exposures are higher in
degreasing and vapor degreasing activities; (2) metal workers
will likely have higher exposures; (3) trichloroethylene use
was very limited in the dry-cleaning industry; (4) trichloro-
ethylene use dropped dramatically in the 1980s; and (5) for
many industries, trichloroethylene is reported as “having
been used,” but there are only limited data available that
quantify the potential exposures to workers. Many job groups

that have often been listed as “trichloroethylene-exposed”
(eg, electric components, rubber industry, paints, and lac-
quers) likely have had very limited trichloroethylene expo-
sures, which suggests the possibility that case-control studies
overestimate exposure.8

Exposure assessment has been a critical limitation
among epidemiologic studies of trichloroethylene-exposed
workers. Most studies have relied on some type of qualitative
job exposure matrix, often with a dichotomous yes/no clas-
sification. Three European studies used biomonitoring data to
establish their study cohorts, but the number of observed
cancers was small, thus limiting the opportunity to use the
more quantitative exposure information.24,45,46,59 In addition,
the use of the urinary trichloroacetate biomarker may be
limited in assessing long term/historical trichloroethylene
exposure because the half-life of urinary trichloroacetate is
relatively short (ie, days)46 and because, for nearly all par-
ticipants, only a few biomarker measurements were available
to represent an entire work history. The recent case-control
study in France integrated more semi-quantitative exposure
data, thus representing an improvement over most previous
case-control studies.

Although based on limited data, there were no overall
exposure-response patterns for duration of employment or cu-
mulative exposure (Table, Figs. 3, 4). Similarly, study-specific
exposure estimates did not show a consistent pattern of exposure
response (eTable, http://links.lww.com/EDE/A354).

Several studies relied on job exposure or facility expo-
sure matrices to assign individual worker exposure, which
can be limited by unaccounted-for within-worker variability.
For example the largest study25 classified all workers at
trichloroethylene companies with 200 or fewer employees as
“high trichloroethylene” assuming that a high proportion of
workers at such facilities were exposed. In fact, the percent-
age of workers actually exposed at these smaller facilities
varied from 1% to 100%.59,60

Thus it appears that exposure classification protocols in
the Danish and perhaps US studies labeled more workers as
exposed to trichloroethylene than were truly exposed. If this
exposure misclassification was nondifferential it could lead to
underestimating the summary relative risks; if differential, it
could lead to either over- or underestimation of summary
relative risks.

Confounding and Other Potential Biases
Smoking has been consistently identified as a risk

factor for kidney cancer, with an average 2-fold relative risk
and increasing risk with duration of smoking and total pack-
years.6,61 Although data on smoking were not available in the
trichloroethylene cohort studies, general surveys of smoking
prevalence by industries labeled as “metal industries,” “ma-
chinery,” and occupational categories such as “fabrication,”
“crafts workers,” “machine operators,” and “extraction-pre-
cision production” indicate that smoking prevalence is higher
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among these groups as compared with other occupational
groups and the general population.62,63 The Danish investi-
gators also noted that smoking was likely higher among blue
collar workers compared with the general population.25 Thus,
lack of control for smoking may have upwardly biased the
relative risk estimates in the cohort studies that used external
comparisons, but may not have affected case-control studies
or cohort studies using internal comparison groups.

The impact of uncontrolled confounders (such as obe-
sity) on meta-analysis results remains unknown. Diagnostic
bias among employed populations, who may have better
access to health care and thus may be more likely to have
cancer diagnosed, may contribute to upwardly biased risk
estimates, especially in areas such as the United States where
most health insurance coverage depends on employment.
Conversely, potential nondifferential disease misclassifica-
tion when relying on mortality data could bias risk estimates
towards the null value.

We found no consistent indication of publication bias
based on various assessments, although removal of 3 studies (all
reporting positive results) reduced heterogeneity considerably.
All 3 studies were apparently initiated in response to reported
disease clusters, and although researchers attempted to conduct
a full epidemiologic investigation, the results will be predictably
elevated given that the cohort was defined (or cases and controls
were selected) after identification of the cluster.

CONCLUSIONS
While a simple summary meta-analysis of occupational

exposure to trichloroethylene suggests an association with
kidney cancer, more careful analyses of subgroups of studies
indicate no association or, at best, moderately elevated asso-
ciations. Exposure response analysis, although limited, did
not show a pattern of higher risk with higher exposure. In
addition, sources of systematic bias, such as confounding due
to smoking and diagnostic bias, could plausibly explain the
modest association between trichloroethylene and kidney
cancer. Despite modest elevations in some summary relative
risk estimates, insight into the role of trichloroethylene ex-
posure and its association with kidney cancer is limited by the
consideration of unmeasured confounding, the general lack of
quantitative exposure assessment, and the absence of clear
exposure-response trends.

ACKNOWLEDGMENTS
We thank Betty Dowd for graphical assistance.

REFERENCES
1. Jemal A, Siegel R, Ward E, et al. Cancer statistics, 2008. CA Cancer

J Clin. 2008;58:71–96.
2. Janout V, Janoutova G. Epidemiology and risk factors of kidney cancer.

Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2004;148:
95–101.

3. McLaughlin JK, Lipworth L, Tarone RE, Blot WJ. Renal cancer. In:
Schottenfeld D, Fraumeni JF Jr, eds. Cancer Epidemiology and Preven-
tion. New York: Oxford University Press; 2006:1087–1100.

4. Moore LE, Wilson RT, Campleman SL. Lifestyle factors, exposures,
genetic susceptibility, and renal cell cancer risk: a review. Cancer Invest.
2005;23:240–255.

5. Lindblad P, Adami HO. Kidney cancer. In: Adami HO, Hunter D,
Trichopoulos D, eds. Textbook of Cancer Epidemiology. New York:
Oxford University Press; 2002:467–485.

6. Kuper H, Boffetta P, Adami HO. Tobacco use and cancer causation:
association by tumour type. J Intern Med. 2002;252:206–224.

7. Pesch B, Haerting J, Ranft U, et al; MURC Study Group. Occupational
risk factors for renal cell carcinoma: agent-specific results from a
case-control study in Germany. Multicenter urothelial and renal cancer
study. Int J Epidemiol. 2000;29:1014–1024.

8. Bakke B, Stewart PA, Waters MA. Uses of and exposure to trichloro-
ethylene in U.S. industry: a systematic literature review. J Occup
Environ Hyg. 2007;4:375–390.

9. Wong O. Carcinogenicity of trichloroethylene: an epidemiologic assess-
ment. Clin Occup Environ Med. 2004;4:557–589.

10. Blair A. Mortality among workers in the metal polishing and plating
industry, 1951–1969. J Occup Med. 1980;22:158–162.

11. International Agency for Research on Cancer. Trichloroethylene: IARC
Monographs on the Evaluation of Carcinogenic Risks to Humans. Vol
63. Lyon, France. World Health Organization; 1995.

12. US Department of Health and Human Services, Public Health Service,
National Toxicology Program. Report on Carcinogens, Eleventh Edi-
tion. Research Triangle Park, NC: National Institute of Environmental
Health Sciences, 2005.

13. Maltoni C, Lefemine G, Cotti G, Perino G. Long-term carcinogenicity
bioassays on trichloroethylene administered by inhalation to Sprague-Daw-
ley rats and Swiss and B6C3F1 mice. Ann NY Acad Sci. 1988;534:316–342.

14. Fukuda K, Takemoto K, Tsuruta H. Inhalation carcinogenicity of tri-
chloroethylene in mice and rats. Ind Health. 1983;21:243–254.

15. National Toxicology Program. NTP carcinogenesis studies of trichloro-
ethylene (without epichlorohydrin) (CAS No. 79–01–6) in F344/N rats
and B6C3F1 mice (Gavage studies). Natl Toxicol Program Tech Rep
Ser. 1990;243:1–174.

16. Rhomberg LR. Dose-response analyses of the carcinogenic effects of
trichloroethylene in experimental animals. Environ Health Perspect.
2000;108(suppl 2):343–358.

17. National Toxicology Program. NTP Toxicology and Carcinogenesis
Studies of Trichloroethylene (CAS No. 79–01–6) in Four Strains of
Rats (ACI, August, Marshall, Osborne-Mendel) (Gavage Studies). Natl
Toxicol Program Tech Rep Ser. 1988;273:1–299.

18. Henschler D, Elsasser H, Romen W, Eder E. Carcinogenicity study of
trichloroethylene, with and without epoxide stabilizers, in mice.
J Cancer Res Clin Oncol. 1984;107:149–156.

19. Henschler D, Romen W, Elsasser HM, et al. Carcinogenicity study of
trichloroethylene by longterm inhalation in three animal species. Arch
Toxicol. 1980;43:237–248.

20. Mandel JS, Kelsh MA. A review of the epidemiology of trichloroeth-
ylene and kidney cancer. Hum Ecol Risk Assessment. 2001;7:727–735.

21. McLaughlin JK, Blot WJ. A critical review of epidemiology studies of
trichloroethylene and perchloroethylene and risk of renal-cell cancer. Int
Arch Occup Environ Health. 1997;70:222–231.

22. Wartenberg D, Reyner D, Scott CS. Trichloroethylene and cancer:
epidemiologic evidence. Environ Health Perspect. 2000;108(suppl 2):
161–176.

23. Weiss NS. Cancer in relation to occupational exposure to trichloroeth-
ylene. Occup Environ Med. 1996;53:1–5.

24. Hansen J, Raaschou-Nielsen O, Christensen JM, et al. Cancer incidence
among Danish workers exposed to trichloroethylene. J Occup Environ
Med. 2001;43:133–139.

25. Raaschou-Nielsen O, Hansen J, McLaughlin JK, et al. Cancer risk
among workers at Danish companies using trichloroethylene: a cohort
study. Am J Epidemiol. 2003;158:1182–1192.

26. Boice JD Jr, Marano DE, Cohen SS, et al. Mortality among Rocketdyne
workers who tested rocket engines, 1948–1999. J Occup Environ Med.
2006;48:1070–1092.

27. Zhao Y, Krishnadasan A, Kennedy N, Morgenstern H, Ritz B. Estimated
effects of solvents and mineral oils on cancer incidence and mortality in
a cohort of aerospace workers. Am J Ind Med. 2005;48:249–258.

Epidemiology • Volume 21, Number 1, January 2010 Trichloroethylene and Kidney Cancer

© 2009 Lippincott Williams & Wilkins www.epidem.com | 101

This Electronic Copy of Copyrighted Material Was Made and Delivered for Governmental Regulatory/Judicial Purposes  
Under License from Copyright Clearance Center, Inc. - No Further Reproduction is Permitted without a Separate License.

Case 7:23-cv-00897-RJ     Document 481-10     Filed 08/24/25     Page 8 of 16



28. Chang YM, Tai CF, Yang SC, et al. A cohort mortality study of workers
exposed to chlorinated organic solvents in Taiwan. Ann Epidemiol.
2003;13:652–660.

29. Bruning T, Pesch B, Wiesenhutter B, et al. Renal cell cancer risk and
occupational exposure to trichloroethylene: results of a consecutive case-
control study in Arnsberg, Germany. Am J Ind Med. 2003;43:274–285.

30. Charbotel B, Fevotte J, Hours M, Martin JL, Bergeret A. Case-control
study on renal cell cancer and occupational exposure to trichloroethyl-
ene. Part II: epidemiological aspects. Ann Occup Hyg. 2006;50:777–787.

31. Alexander DD, Mink PJ, Mandel JH, Kelsh MA. A meta-analysis of
occupational trichloroethylene exposure and multiple myeloma or leu-
kaemia. Occup Med (Lond). 2006;56:485–493.

32. Mandel JH, Kelsh MA, Mink PJ, et al. Occupational trichloroethylene
exposure and non-Hodgkin’s lymphoma: a meta-analysis and review.
Occup Environ Med. 2006;63:597–607.

33. Lynge E, Anttila A, Hemminki K. Organic solvents and cancer. Cancer
Causes Control. 1997;8:406–419.

34. Alexander DD, Kelsh MA, Mink PJ, et al. A meta-analysis of occupa-
tional trichloroethylene exposure and liver cancer. Int Arch Occup
Environ Health. 2007;81:127–143.

35. Siemiatycki J. Risk Factors for Cancer in the Workplace. Boca Raton,
FL: CRC Press; 1991.

36. Vamvakas S, Bruning T, Thomasson B, et al. Renal cell cancer corre-
lated with occupational exposure to trichloroethene. J Cancer Res Clin
Oncol. 1998;124:374–382.

37. Greenland S, Salvan A, Wegman DH, Hallock MF, Smith TJ. A
case-control study of cancer mortality at a transformer-assembly facility.
Int Arch Occup Environ Health. 1994;66:49–54.

38. Dosemeci M, Cocco P, Chow WH. Gender differences in risk of renal
cell carcinoma and occupational exposures to chlorinated aliphatic
hydrocarbons. Am J Ind Med. 1999;36:54–59.

39. Blair A, Petralia SA, Stewart PA. Extended mortality follow-up of a
cohort of dry cleaners. Ann Epidemiol. 2003;13:50–56.

40. Travier N, Gridley G, De Roos AJ, et al. Cancer incidence of dry
cleaning, laundry and ironing workers in Sweden. Scand J Work Environ
Health. 2002;28:341–348.

41. Boice JD Jr, Marano DE, Fryzek JP, Sadler CJ, McLaughlin JK.
Mortality among aircraft manufacturing workers. Occup Environ Med.
1999;56:581–597.

42. Morgan RW, Kelsh MA, Zhao K, Heringer S. Mortality of aerospace
workers exposed to trichloroethylene. Epidemiology. 1998;9:424–431.

43. Blair A, Hartge P, Stewart PA, McAdams M, Lubin J. Mortality and
cancer incidence of aircraft maintenance workers exposed to trichloro-
ethylene and other organic solvents and chemicals: extended follow up.
Occup Environ Med. 1998;55:161–171.

44. Ritz B. Cancer mortality among workers exposed to chemicals during
uranium processing. J Occup Environ Med. 1999;41:556–566.

45. Axelson O, Selden A, Andersson K, Hogstedt C. Updated and expanded
Swedish cohort study on trichloroethylene and cancer risk. J Occup
Med. 1994;36:556–562.

46. Anttila A, Pukkala E, Sallmen M, Hernberg S, Hemminki K. Cancer

incidence among Finnish workers exposed to halogenated hydrocarbons.
J Occup Environ Med. 1995;37:797–806.

47. Sinks T, Lushniak B, Haussler BJ, et al. Renal cell cancer among
paperboard printing workers. Epidemiology. 1992;3:483–489.

48. Costa G, Merletti F, Segnan N. A mortality cohort study in a north
Italian aircraft factory. Br J Ind Med. 1989;46:738–743.

49. Selden A, Ahlborg G Jr. Mortality and cancer morbidity after exposure
to military aircraft fuel. Aviat Space Environ Med. 1991;62:789–794.

50. Blair A, Haas T, Prosser R, et al. Mortality among United States Coast
Guard marine inspectors. Arch Environ Health. 1989;44:150–156.

51. Garabrant DH, Held J, Langholz B, Bernstein L. Mortality of aircraft
manufacturing workers in southern California. Am J Ind Med. 1988;13:
683–693.

52. Henschler D, Vamvakas S, Lammert M, et al. Increased incidence of
renal cell tumors in a cohort of cardboard workers exposed to trichlo-
roethene. Arch Toxicol. 1995;69:291–299.

53. Rothstein H, Sutton A, Borenstein M. Publication Bias in Meta-Analy-
sis: Prevention, Assessment, and Adjustment. Chichester, UK; John
Wiley and Sons, Ltd; 2005.

54. Comprehensive Meta-Analysis version 2.2.046. Englewood, NJ: Bio-
stat; 2007.

55. Andersson T, Ahlbom A. Episheet software: spreadsheets for the
analysis of epidemiologic data. 2004. Rothman K. Available at:
http://members.aol.com/krothman/episheet.xls.

56. National Research Council of the National Academies. Assessing the
Human Health Risks of Trichlroroethylene: Key Scientific Issues. Wash-
ington, DC: National Academies Press; 2006.

57. Blair A, Burg J, Foran J, et al. Guidelines for application of meta-
analysis in environmental epidemiology. ISLI Risk Science Institute.
Regul Toxicol Pharmacol. 1995;22:189–197.

58. Radican L, Blair A, Stewart P, Wartenberg D. Mortality of aircraft
maintenance workers exposed to trichloroethylene and other hydrocar-
bons and chemicals: an extended follow-up. J Occup Environ Med.
2008;50:1306–1319.

59. Hansen J. Cohort studies of cancer risk among Danish workers exposed
to TCE. In: Symposium on new scientific research related to the health
effects of trichloroethylene; 2004; Washington, DC.

60. Raaschou-Nielsen O, Hansen J, Thomsen BL, et al. Exposure of Danish
workers to trichloroethylene, 1947–1989. Appl Occup Environ Hyg.
2002;17:693–703.

61. Dhote R, Thiounn N, Debre B, Vidal-Trecan G. Risk factors for adult
renal cell carcinoma. Urol Clin North Am. 2004;31:237–247.

62. Leigh JP. Occupations, cigarette smoking, and lung cancer in the
epidemiological follow-up to the NHANES I and the California Occu-
pational Mortality Study. Bull NY Acad Med. 1996;73:370–397.

63. Bang KM, Kim JH. Prevalence of cigarette smoking by occupation and
industry in the United States. Am J Ind Med. 2001;40:233–239.

64. Fevotte J, Charbotel B, Muller-Beaute P, Martin J, Hours M, Bergeret A.
Case-control study of renal cell cancer and occupational exposure to
trichloroethylene. Part 1: Exposure Assessment. Ann Occup Hyg. 2006;
50:777–787.

Kelsh et al Epidemiology • Volume 21, Number 1, January 2010

102 | www.epidem.com © 2009 Lippincott Williams & Wilkins

This Electronic Copy of Copyrighted Material Was Made and Delivered for Governmental Regulatory/Judicial Purposes  
Under License from Copyright Clearance Center, Inc. - No Further Reproduction is Permitted without a Separate License.

Case 7:23-cv-00897-RJ     Document 481-10     Filed 08/24/25     Page 9 of 16



eT
ab

le
 1

. 
T

C
E

 W
or

ke
r 

St
ud

ie
s:

  D
es

cr
ip

tio
n 

of
 C

oh
or

t a
nd

 C
as

e-
C

on
tr

ol
 S

tu
di

es
 a

nd
 S

um
m

ar
y 

of
 E

xp
os

ur
e 

L
ev

el
s a

nd
 E

xp
os

ur
e 

A
ss

es
sm

en
t M

et
ho

ds

Fi
rs

t
A

ut
ho

r,
 

Y
ea

r,
 

(R
ef

 n
o)

. 

W
or

kf
or

ce
Si

ze
 (n

) 
Pe

rs
on

-Y
ea

rs
 

C
oh

or
t D

es
cr

ip
tio

n 

Q
ua

nt
ita

tiv
e 

or
 S

em
i-Q

ua
nt

ita
tiv

e 
E

xp
os

ur
e 

E
st

im
at

es
 1

T
yp

e 
of

 W
or

k 
or

  

W
or

k 
A

ct
iv

ity
  

T
C

E
 E

xp
os

ur
e 

M
et

ho
d/

C
om

m
en

ts
 

R
ep

or
te

d 
R

el
at

iv
e 

R
is

ks
 a

nd
 9

5%
 

C
on

fid
en

ce
 In

te
rv

al
s f

or
 K

id
ne

y 
C

an
ce

r 

G
ro

up
 I 

Co
ho

rt 
St

ud
ie

s 

A
xe

ls
on

 
19

94
 

(4
5)

 
16

70
 

23
,5

16
 

M
al

e 
w

or
ke

rs
 <

79
 y

ea
rs

,
bi

om
on

ito
re

d 
fo

r T
C

E 
fr

om
  

11
5 

fa
ci

lit
ie

s i
n 

Sw
ed

en
  

19
55

-1
97

5.
 C

an
ce

r 
in

ci
de

nc
e 

 
fo

llo
w

-u
p 

th
ro

ug
h 

19
87

. 

M
aj

or
ity

 (8
1%

) u
TC

A
 <

 5
0 

m
g/

L,
 

w
hi

ch
 c

or
re

sp
on

ds
 to

 a
n 

av
er

ag
e 

ai
r 

ex
po

su
re

 ~
 2

0 
pp

m
 1

00
 m

g/
m

3

Fa
ci

lit
y 

w
he

re
 T

C
E 

 
w

as
 u

se
d.

  F
re

e 
su

rv
ei

lla
nc

e 
w

as
 o

ff
er

ed
 to

 w
or

ke
rs

.  
 

U
rin

ar
y 

TC
A

 b
io

m
on

ito
rin

g:
 

Ex
po

su
re

 in
di

ce
s:

 
1)

 m
ea

n 
uT

C
A

 a
ll 

ur
in

e 
sa

m
pl

es
 

2)
  h

ig
he

st
 m

ea
n 

uT
C

A
 a

cr
os

s f
or

 3
-

ye
ar

 p
er

io
d

SI
R

 =
 1

.1
6 

(0
.4

2-
2.

52
) 

6 
ca

se
s a

m
on

g 
w

or
ke

rs
 <

 7
9 

ye
ar

s o
ld

 

A
nt

til
a 

19
95

 
(4

6)
 

39
74

 T
ot

al
 

3,
08

9 
(T

C
E)

 
71

,8
00

 T
ot

al
 

59
,9

05
 (T

C
E)

 

Fi
nn

is
h 

m
al

e 
(n

 =
 2

05
0)

 
an

d
fe

m
al

e 
(n

 =
 1

92
4)

 so
lv

en
t 

w
or

ke
rs

 b
io

m
on

ito
re

d 
fo

r 
TC

E.
 O

ve
r 6

00
 d

iff
er

en
t 

w
or

ks
ite

 o
r s

am
pl

in
g 

la
bo

ra
to

ry
 c

od
es

. F
ol

lo
w

-
up

  
(c

an
ce

r i
nc

id
en

ce
) 1

96
7-

19
92

. 

uT
C

A
 B

ef
or

e 
19

70
 (m

ed
ia

n)
: 

M
en

:  
80

-9
0 

 m
ol

/L
 ~

 4
0-

50
 p

pm
   

W
om

: 6
0-

80
 

 m
ol

/L
 ~

 3
0-

40
 p

pm
  

uT
C

A
 O

ve
ra

ll:
 (m

ed
ia

n)
M

en
  4

8 
 m

ol
/L

 ~
 3

5 
pp

m
 

W
om

en
 6

3 
 m

ol
/L

 ~
 4

0 
pp

m
 

TC
E 

us
ed

 p
rim

ar
ily

 in
  

de
gr

ea
si

ng
 o

r c
le

an
in

g 
 

of
 m

et
al

 su
rf

ac
es

. A
ls

o 
 

us
ed

 in
 ru

bb
er

 w
or

k,
 g

lu
in

g,
  

dr
y 

cl
ea

ni
ng

, a
nd

 a
s a

  
co

m
po

ne
nt

 in
 c

le
an

in
g 

flu
id

. 

U
rin

ar
y 

TC
A

 c
on

ce
nt

ra
tio

ns
 

m
ea

su
re

d 
19

65
-1

98
2.

  A
n 

av
er

ag
e 

of
 

2.
5 

m
ea

su
re

m
en

ts
 c

on
du

ct
ed

 p
er

 
w

or
ke

r. 
 

Y
rs

 si
nc

e 
fir

st
 m

ea
su

re
m

en
t: 

A
ll 

yr
s:

   
  S

IR
=0

.8
7 

(0
.3

2-
1.

89
) 

0-
9 

yr
s  

   
 S

IR
=0

.5
3 

(0
.0

1-
2.

95
) 

10
-1

9 
yr

s  
SI

R=
1.

39
 (0

.4
5-

3.
24

) 
20

+ 
yr

s  
   

 (0
 c

as
es

) 

M
or

ga
n 

  
19

98
 

(4
2)

 

20
,5

08
 T

ot
al

 
4,

73
3 

(T
C

E)
 

46
1,

61
7 

To
ta

l 
10

5,
85

2 
(T

C
E)

 

W
or

ke
d 

at
 A

er
os

pa
ce

 
m

an
uf

ac
tu

rin
g 

si
te

 
(A

riz
on

a)
, 1

95
0-

19
85

.  
Th

e 
to

ta
l c

oh
or

t c
on

si
st

ed
 

of
 1

3,
74

2 
m

en
 a

nd
 6

,7
66

 
w

om
en

. F
ol

lo
w

-u
p 

(m
or

ta
lit

y)
 fr

om
 1

95
0-

19
93

. 

“H
ig

he
st

 le
ve

ls
 n

ea
r 5

0 
pp

m
” 

[B
as

ed
 o

n 
IH

 st
ud

ie
s a

ss
um

e 
ra

ng
e 

of
 

30
-5

0 
pp

m
] 

M
os

t T
C

E 
ex

po
su

re
 o

cc
ur

re
d 

 in
 v

ap
or

 d
eg

re
as

in
g 

be
tw

ee
n 

 
19

52
 a

nd
 1

97
7.

  P
ot

en
tia

l  
ex

po
su

re
 fr

om
 d

rin
ki

ng
 w

at
er

  
at

 th
e 

pl
an

t. 

Jo
b-

ex
po

su
re

 m
at

rix
 (J

EM
) 

de
fin

ed
 T

C
E 

su
bc

oh
or

t 
(h

ig
h/

m
ed

iu
m

/lo
w

/n
on

e)
.  

  H
ig

h 
(9

): 
w

or
k 

on
 d

eg
re

as
er

, m
ed

iu
m

 
(4

): 
ne

ar
 d

eg
re

as
er

, 
Lo

w
 (1

): 
oc

ca
si

on
al

 c
on

ta
ct

 o
r 

pr
ox

im
ity

 to
 d

eg
re

as
er

.  

St
an

da
rd

iz
ed

 M
or

ta
lit

y 
A

na
ly

si
s:

 
A

ny
 T

C
E:

   
   

SM
R

=1
.3

2 
(0

.6
-2

.6
) 

“L
ow

” 
TC

E:
  S

M
R

=0
.4

7 
 (0

.0
1-

2.
62

) 
“H

ig
h”

 T
C

E:
  S

M
R

=1
.7

8 
(0

.7
-3

.7
) 

In
te

rn
al

 C
oh

or
t A

na
ly

si
s:

C
um

ul
at

iv
e 

Lo
w

:  
R

R
=0

.3
 (0

.0
4-

2.
4)

 
C

um
ul

at
iv

e 
H

ig
h:

 R
R

=1
.6

 (0
.7

-3
.7

) 
Pe

ak
 H

ig
h:

   
   

   
   

R
R

=1
.9

 (0
.8

-4
.2

)  
 

B
la

ir 
. 

19
98

 
(4

3)
 

14
,4

57
 

N
R

 

U
pd

at
e 

of
 S

pi
rta

s (
19

91
). 

 
M

al
e 

(n
 =

 1
0,

73
0)

 a
nd

 
fe

m
al

e 
(n

 =
 3

72
7)

 
w

or
ke

rs
, a

irc
ra

ft 
m

ai
nt

en
an

ce
 fa

ci
lit

y 
(U

ta
h)

, w
ith

 a
t l

ea
st

 o
ne

 
ye

ar
 o

f w
or

k 
ex

pe
rie

nc
e,

 
19

52
-1

95
7.

 F
ol

lo
w

-u
p 

(c
an

ce
r m

or
ta

lit
y 

an
d 

in
ci

de
nc

e)
 th

ro
ug

h 
19

90
. 

R
ou

gh
 e

st
im

at
es

: 
60

0 
pp

m
 –

 1
93

4-
54

  
40

0 
pp

m
 –

 1
95

5-
67

 
20

0 
pp

m
 –

 1
96

8-
78

 
15

 p
pm

 –
 d

es
kt

op
 c

le
an

in
g 

N
ot

e:
 “

nu
m

be
rs

 sh
ou

ld
 n

ot
 b

e 
in

te
rp

re
te

d 
as

 p
pm

” 

TC
E 

us
ed

 p
rim

ar
ily

 in
 v

ap
or

 d
eg

re
as

er
s 

to
 re

m
ov

e 
oi

ls
 o

r o
th

er
 c

on
ta

m
in

an
ts

 
(la

rg
e 

pa
rts

); 
cl

ea
ni

ng
 sm

al
l e

le
ct

ric
al

 
pa

rts
 w

ith
 sq

ue
ez

e 
bo

ttl
es

.  
A

fte
r 1

97
8 

“C
ol

d 
st

at
e”

 T
C

E 
di

sc
on

tin
ue

d 
in

 
de

gr
ea

se
rs

. 

W
al

k-
th

ro
ug

h 
su

rv
ey

s, 
in

te
rv

ie
w

s, 
hi

sto
ric

al
 re

co
rd

 
re

vi
ew

, c
he

m
ic

al
 in

ve
nt

or
y,

 
re

vi
ew

 o
f a

va
ila

bl
e 

in
du

st
ria

l 
hy

gi
en

e 
da

ta
.  

M
or

ta
lit

y 
A

na
ly

se
s:

 
O

ve
ra

ll 
   

   
   

 R
R

=1
.6

  (
0.

5-
5.

1)
 

M
al

es
 (C

um
ul

at
iv

e 
-T

C
E 

un
it 

yr
s)

N
o 

TC
E 

   
   

   
R

R
=2

.5
 (0

.7
-8

.9
) 

< 
5 

U
-y

rs
   

   
  R

R
=2

.0
 (0

.5
-7

.6
) 

5-
25

 U
-y

rs
   

   
R

R
=0

.4
 (0

.1
-4

.0
)  

25
+ 

U
-y

rs
   

   
 R

R
=1

.2
 (0

.3
-4

.8
) 

Th
is

 E
le

ct
ro

ni
c 

C
op

y 
of

 C
op

yr
ig

ht
ed

 M
at

er
ia

l W
as

 M
ad

e 
an

d 
D

el
iv

er
ed

 fo
r G

ov
er

nm
en

ta
l R

eg
ul

at
or

y/
Ju

di
ci

al
 P

ur
po

se
s 

 
U

nd
er

 L
ic

en
se

 fr
om

 C
op

yr
ig

ht
 C

le
ar

an
ce

 C
en

te
r, 

In
c.

 - 
N

o 
Fu

rth
er

 R
ep

ro
du

ct
io

n 
is

 P
er

m
itt

ed
 w

ith
ou

t a
 S

ep
ar

at
e 

Li
ce

ns
e.

Case 7:23-cv-00897-RJ     Document 481-10     Filed 08/24/25     Page 10 of 16



R
itz

19
99

 
(4

4)
 

3,
81

4 
12

0,
23

7 

M
al

e 
ur

an
iu

m
 p

ro
ce

ss
in

g 
w

or
ke

rs
 

(O
hi

o)
. F

ol
lo

w
-u

p 
(m

or
ta

lit
y)

 fr
om

 
19

51
 th

ro
ug

h 
19

89
.  

R
is

k 
es

tim
at

es
 

on
ly

 fo
r b

la
dd

er
 a

nd
 k

id
ne

y 
ca

nc
er

 
co

m
bi

ne
d.

 

Ei
gh

ty
 p

er
ce

nt
 o

f c
oh

or
t h

ad
 so

m
e 

TC
E 

ex
po

su
re

, n
on

 c
la

ss
ifi

ed
 a

s h
ea

vy
.  

2,
79

2 
w

or
ke

rs
: “

lig
ht

” 
TC

E 
ex

p 
17

9 
w

or
ke

rs
: “

m
od

er
at

e”
 T

C
E 

[A
ss

um
e 

lo
w

 e
xp

os
ur

e 
<

 1
0 

pp
m

]

M
al

e 
ur

an
iu

m
 p

ro
ce

ss
in

g 
w

or
ke

rs
 –

 
us

ed
 T

C
E 

an
d 

ot
he

r c
he

m
ic

al
s, 

19
52

-
19

77
 

IH
 c

la
ss

ifi
ed

 T
C

E 
ex

po
su

re
 

ca
te

go
rie

s:
 n

on
e 

(0
), 

lig
ht

 (1
), 

m
od

er
at

e 
(2

), 
he

av
y 

(4
). 

A
ll 

w
or

ke
rs

:  
 S

M
R

=0
.6

5 
 (0

.2
-1

.5
) 

La
g 

15
 y

rs
 b

y 
du

ra
tio

n:
* 

 
>2

 y
rs

   
   

   
   

 R
R

=1
.0

3 
(0

.3
-3

.7
) 

>5
 y

rs
   

   
   

   
 R

R
=1

.0
2 

(0
.3

-4
.1

)  
D

ur
at

io
n,

 “
Li

gh
t”

 T
C

E 
Ex

p*
:

2-
10

 y
rs

   
   

   
 R

R
=1

.9
 (0

.6
-6

.4
) 

10
 y

rs
 +

   
   

   
 R

R
=0

.8
 (0

.1
-4

0.
0)

  

Th
is

 E
le

ct
ro

ni
c 

C
op

y 
of

 C
op

yr
ig

ht
ed

 M
at

er
ia

l W
as

 M
ad

e 
an

d 
D

el
iv

er
ed

 fo
r G

ov
er

nm
en

ta
l R

eg
ul

at
or

y/
Ju

di
ci

al
 P

ur
po

se
s 

 
U

nd
er

 L
ic

en
se

 fr
om

 C
op

yr
ig

ht
 C

le
ar

an
ce

 C
en

te
r, 

In
c.

 - 
N

o 
Fu

rth
er

 R
ep

ro
du

ct
io

n 
is

 P
er

m
itt

ed
 w

ith
ou

t a
 S

ep
ar

at
e 

Li
ce

ns
e.

Case 7:23-cv-00897-RJ     Document 481-10     Filed 08/24/25     Page 11 of 16



Fi
rs

t
A

ut
ho

r 
&

 
Y

ea
r

W
or

kf
or

ce
Si

ze
 (n

) 
Pe

rs
on

-Y
ea

rs
 

C
oh

or
t D

es
cr

ip
tio

n 

Q
ua

nt
ita

tiv
e 

or
 S

em
i-

Q
ua

nt
ita

tiv
e 

E
xp

os
ur

e 
E

st
im

at
es

 
1A

T
yp

e 
of

 W
or

k 
or

 W
or

k 
A

ct
iv

ity
  

T
C

E
 E

xp
os

ur
e 

M
et

ho
d/

C
om

m
en

ts
 

R
ep

or
te

d 
R

el
at

iv
e 

R
is

ks
 a

nd
 9

5x
 

C
on

fid
en

ce
 In

te
rv

al
s f

or
 K

id
ne

y 
C

an
ce

r 

B
oi

ce
19

99
 

(4
1)

  

77
,9

65
 T

ot
al

 
2,

26
7 

(r
ou

tin
e 

TC
E 

ex
po

su
re

) 

1,
88

9,
79

5 
To

ta
l 

66
,1

83
 (T

C
E)

 

A
irc

ra
ft 

m
an

uf
ac

tu
rin

g 
(B

ur
ba

nk
,  

C
al

ifo
rn

ia
) w

or
ke

rs
 (m

en
: n

 =
 

62
,4

77
; w

om
en

: n
 =

 1
5,

48
8)

.  
C

an
ce

r (
m

or
ta

lit
y)

 fo
llo

w
-u

p 
be

tw
ee

n 
19

60
-1

99
1.

  

~ 
 3

,0
00

 w
or

ke
rs

 “
in

te
rm

itt
en

t”
 

ex
po

su
re

 
~ 

2,
07

5 
w

or
ke

rs
 “

ro
ut

in
e”

 
ex

po
su

re
 

N
o 

ai
r s

am
pl

in
g 

pr
io

r t
o 

19
70

s. 
[B

as
ed

 o
n 

IH
 d

at
a 

– 
as

su
m

e 
ra

ng
e 

of
 3

0-
50

- p
pm

  f
or

 
ae

ro
sp

ac
e 

wo
rk

er
s]

 

 A
er

os
pa

ce
 w

or
ke

rs
 m

ai
nl

y:
 

- P
ro

ce
ss

 e
qu

ip
 o

pe
r &

 h
el

pe
rs

 
- E

le
ct

ro
pl

at
er

s 
- M

et
al

 b
an

d 
as

se
m

bl
er

s 
- S

he
et

 m
et

al
 fo

rm
er

s 
 T

C
E 

pr
im

ar
y 

or
ga

ni
c 

so
lv

en
t u

se
d 

in
 

va
po

r d
eg

re
as

er
s u

nt
il 

19
66

.  

W
al

k-
th

ro
ug

h 
su

rv
ey

s, 
in

te
rv

ie
w

s, 
re

vi
ew

 o
f a

va
ila

bl
e 

in
du

st
ria

l h
yg

ie
ne

 d
at

a,
 a

nd
 jo

b 
de

sc
rip

tio
ns

. T
ou

re
d 

si
m

ila
r 

fa
ci

lit
ie

s. 
 A

cc
ou

nt
ed

 fo
r 

ve
nt

ila
tio

n,
 re

sp
ira

to
ry

 p
ro

te
ct

io
n.

   

R
ou

tin
e 

TC
E 

Ex
po

su
re

: 
A

ll 
W

or
ke

rs
:  

 S
M

R
=0

.9
9 

 (0
.4

-2
.0

) 
< 

1 
yr

s:
   

   
   

   
SM

R
=0

.9
7 

 (0
.4

-2
.5

) 
1-

4 
yr

s:
   

   
   

   
SM

R
=0

.1
9 

(0
.0

2-
1.

4)
 

5+
 y

rs
:  

   
   

   
  S

M
R

=0
.7

 (0
.2

-2
.1

)  
SM

R
s l

es
s t

ha
n 

1.
0 

fo
r:

as
se

m
bl

y,
 fa

br
ic

at
io

n,
 p

ro
ce

ss
in

g,
 a

nd
 

m
ai

nt
en

an
ce

 w
or

ke
rs

 

H
an

se
n 

20
01

 
(2

4)
 

80
3 

16
,7

30
 

D
an

is
h 

m
al

e 
(n

 =
 6

58
) a

nd
 

fe
m

al
e 

(n
 =

 1
45

) w
or

ke
rs

 2
75

 
co

m
pa

ni
es

.  
Fo

llo
w

-u
p 

(c
an

ce
r 

in
ci

de
nc

e)
 w

as
 b

et
w

ee
n 

19
69

 -
19

96
.  

uT
C

A
: (

M
ea

n/
m

ed
ia

n)
 

 m
ol

/L
 

19
47

-8
9:

 4
0/

15
 

19
47

-6
4:

  6
2/

25
 

19
65

-7
3:

  4
3/

15
 

19
74

-7
9:

  3
0/

10
 

19
80

-8
9:

   
9/

2 

A
ir 

M
on

ito
rin

g 
(m

g/
m

3 )
19

47
-8

9:
 1

01
  ~

 2
0 

pp
m

 
19

74
-7

9:
 3

72
  ~

 7
5 

pp
m

 
19

80
-8

9:
   

  7
9~

 1
5 

pp
m

 
W

or
ke

rs
 fr

om
 2

75
 c

om
pa

ni
es

, u
TC

A
 o

r 
br

ea
th

in
g 

zo
ne

 a
ir 

m
ea

su
re

m
en

ts
, 1

94
7-

19
89

.  

U
rin

ar
y 

TC
A

 o
r b

re
at

hi
ng

 z
on

e 
TC

E 
m

ea
su

re
m

en
ts

. A
ve

ra
ge

 o
f 

2.
2 

m
ea

su
re

m
en

ts
 p

er
 w

or
ke

r. 
 

Th
e 

la
rg

es
t g

ro
up

:  
m

et
al

 a
nd

 ir
on

 
in

du
st

ry
.  

C
an

ce
r i

nc
id

en
ce

 ri
sk

 in
 8

03
 w

or
ke

rs
: 

M
en

:  
   

   
   

SI
R

=0
.9

 (0
.2

-2
.6

) 
W

om
en

:  
   

 S
IR

=2
.4

 (0
.0

3-
14

.0
) 

C
om

bi
ne

d:
  S

IR
=1

.1
  

R
aa

sc
ho

u- N
ie

ls
en

 . 
20

03
 

(2
5)

 [I
H

 
da

ta
 

fr
om

 
R

aa
sc

ho
u- N

ie
ls

en
20

02
] 

(5
9,

  

40
,0

49
 T

ot
al

 
14

,3
60

 (T
C

E)
 

70
6,

31
7 

To
ta

l 
33

9,
48

6 
(T

C
E)

 

D
an

is
h 

bl
ue

 c
ol

la
r w

or
ke

rs
 

fr
om

 3
47

 T
C

E-
us

in
g 

co
m

pa
ni

es
.  

M
en

 c
on

tri
bu

te
d 

58
8,

04
7 

p-
y 

an
d 

w
om

en
 

co
nt

rib
ut

ed
 1

18
,2

70
 p

-y
.  

Fo
llo

w
-u

p 
(c

an
ce

r i
nc

id
en

ce
) 

w
as

 b
et

w
ee

n 
19

68
-1

99
7.

 

uT
C

A
 (m

ea
ns

 m
g/

L)
: 

19
47

-5
3 

   
78

 ~
 5

0 
pp

m
 

19
60

-6
4 

   
58

 ~
 4

0 
pp

m
 

19
70

-7
4 

   
49

 ~
 3

5 
pp

m
 

19
80

-8
5

14
  ~

 1
0 

pp
m

  

TC
E 

ai
r m

ea
su

re
m

en
ts

 (t
ot

al
):

19
50

s  
 5

86
 m

g/
m

3
 ~

 1
17

 p
pm

 
19

60
s  

 3
18

 m
g/

m
3
 ~

 6
3 

pp
m

  
19

70
s  

 1
98

 m
g/

m
3
 ~

 4
0 

pp
m

 
19

80
s  

  7
5 

m
g/

m
3

~ 
15

 p
pm

 

Ir
on

 &
 m

et
al

 w
or

ke
rs

: 
A

ir 
(m

ea
n/

m
ed

ia
ns

) m
g/

m
3

19
47

-5
9:

 6
93

/3
23

 ~
 1

38
/6

5 
pp

m
 

19
60

-6
9:

 3
22

/2
61

~ 
65

/5
2 

pp
m

19
70

-7
9:

 3
02

/1
04

~ 
60

/2
1 

pp
m

 
 1

98
0-

89
: 7

0/
27

 ~
 1

4/
1.

4 
pp

m
   

El
ec

tro
ni

cs
 w

or
ke

rs
: 

A
ir 

(m
ea

n/
m

ed
ia

ns
) m

g/
m

3

19
47

-5
9:

 1
25

/1
09

 ~
 2

5/
22

 p
pm

 
19

60
-6

9:
 2

02
/1

98
~ 

40
/4

0 
pp

m
19

80
-8

9:
 4

2/
4

~8
.4

/0
.8

 p
pm

H
is

to
ric

al
 IH

 m
ea

su
re

m
en

t f
ile

s. 
 

Pr
ed

ic
to

r v
ar

ia
bl

es
 fo

r T
C

E 
ex

po
su

re
: 1

) s
iz

e 
of

 c
om

pa
ny

, 2
) 

du
ra

tio
n 

of
 e

xp
os

ur
e,

 3
) y

ea
r o

f f
irs

t 
ex

po
su

re
. C

oh
or

t r
es

tri
ct

ed
 to

 
w

or
ke

rs
 fr

om
 sm

al
le

r c
om

pa
ni

es
 (<

 
20

0)
 a

ss
um

in
g 

in
cr

ea
se

d 
lik

el
ih

oo
d 

of
 T

C
E-

ex
po

su
re

.  
M

os
t c

om
m

on
 

ty
pe

s o
f w

or
ke

rs
: “

m
et

al
 w

or
k”

 
(5

4%
), 

el
ec

tro
ni

cs
 w

or
ke

rs
 (1

1%
). 

M
en

:  
   

  S
IR

=1
.2

  (
0.

97
-1

.4
8)

 
W

om
en

:  
SI

R
=1

.2
  (

0.
56

-2
.1

1)
  

Su
bc

oh
or

t S
IR

=1
.4

  (
1.

0-
1.

8)
 

# 
em

pl
oy

ee
s:

 
< 

50
   

   
   

   
   

 S
IR

=0
.7

  (
0.

3-
1.

4)
 

50
-1

00
   

   
   

   
SI

R
=1

.6
  (

1.
0-

2.
4)

 
10

1-
20

0 
   

   
   

SI
R

=1
.2

  (
0.

8-
1.

6)
 

D
ur

at
io

n 
of

 e
m

pl
oy

m
en

t (
m

en
): 

  
< 

1 
yr

:  
   

   
   

SI
R

=0
.8

  (
0.

5–
1.

4)
 

1-
4.

9 
yr

:  
   

   
 S

IR
=1

.2
 (0

.8
-1

.7
) 

5+
 y

r: 
   

   
   

   
SI

R
=1

.6
 (1

.1
–2

.3
) 

Y
r f

irs
t e

m
pl

oy
m

en
t (

m
en

):
< 

19
70

:  
   

   
  S

IR
=1

.7
 (1

.2
-2

.3
) 

19
70

-7
9:

   
   

  S
IR

=0
.7

  (
0.

4-
1.

2)
 

19
80

+:
   

SI
R

=0
.9

 (0
.4

-1
.7

) 

Zh
ao

 
 2

00
5 

(4
0)

 

5,
04

9 
(in

ci
de

nc
e 

co
ho

rt)
 

80
,7

84
  

(e
st

im
at

ed
 b

y 
m

ea
n 

du
ra

tio
n 

of
 e

m
pl

oy
m

en
t) 

M
al

e 
w

or
ke

rs
 e

m
pl

oy
ed

 b
ef

or
e 

19
80

 in
 th

e 
ae

ro
sp

ac
e 

di
vi

si
on

 
of

 S
SF

L 
(R

oc
kw

el
l/R

oc
ke

td
yn

e 
fa

ci
lit

y)
.  

Fo
llo

w
-u

p 
(in

ci
de

nc
e 

co
ho

rt)
 st

ar
te

d 
in

 1
98

8 
an

d 
co

nt
in

ue
d 

th
ro

ug
h 

20
00

. 

M
ea

n 
cu

m
 e

xp
 sc

or
e 

= 
10

.2
 

M
ed

ia
n 

cu
m

 e
xp

 sc
or

e 
= 

8.
0 

[B
as

ed
 o

n 
IH

 d
at

a 
– 

as
su

m
e 

ra
ng

e 
of

 5
0-

10
0 

pp
m

] 

TC
E 

ex
po

su
re

 o
cc

ur
re

d 
du

rin
g 

cl
ea

ni
ng

 
of

 ro
ck

et
 e

ng
in

es
, a

ls
o 

us
ed

 a
s a

 g
en

er
al

 
de

gr
ea

si
ng

 so
lv

en
t t

o 
cl

ea
n 

m
et

al
 p

ar
ts

. 

In
du

st
ria

l h
yg

ie
ne

 re
vi

ew
, w

al
k-

th
ro

ug
h 

vi
si

ts
, i

nt
er

vi
ew

s w
ith

 
m

an
ag

er
s a

nd
 w

or
ke

rs
, h

is
to

ric
al

 
fa

ci
lit

y 
re

po
rts

.  
JE

M
 c

on
st

ru
ct

ed
:  

hi
gh

, m
ed

iu
m

, l
ow

, n
on

e.
   

M
or

ta
lit

y 
A

na
ly

si
s:

 
M

ed
iu

m
 T

C
E:

   
   

R
R

=1
.4

 (0
.5

-4
.2

) 
H

ig
h 

TC
E:

   
   

   
   

R
R

=2
.0

 (0
.5

-8
.3

) 
In

ci
de

nc
e 

A
na

ly
si

s:
M

ed
iu

m
 T

C
E:

   
   

R
R

=1
.9

 (0
.6

-6
.2

) 
H

ig
h 

TC
E:

   
   

   
   

R
R

=4
.9

  (
1.

2–
19

.6
)  

B
oi

ce
20

06
 

(3
9)

  

41
,3

51
 a

ll 
R

oc
ke

td
yn

e 
w

or
ke

rs
 

56
,2

86
 T

es
t 

st
an

d
m

ec
ha

ni
cs

25
4,

19
8 

Sa
nt

a 
Su

za
nn

a 
Fa

ci
lit

y
1,

13
8,

61
0 

A
ll 

R
oc

ke
td

yn
e 

R
oc

ke
td

yn
e 

w
or

ke
rs

 (m
en

: n
 =

 
70

83
; w

om
en

: n
 =

 1
28

9)
 

em
pl

oy
ed

 a
t t

he
 S

an
ta

 S
us

an
a 

Fi
el

d 
La

bo
ra

to
ry

 (S
SF

L)
 

(C
al

ifo
rn

ia
), 

a 
ro

ck
et

 e
ng

in
e 

te
st

in
g 

fa
ci

lit
y.

  C
an

ce
r 

(m
or

ta
lit

y)
 fo

llo
w

-u
p 

w
as

 
be

tw
ee

n 
19

48
-1

99
9.

 

[B
as

ed
 o

n 
IH

 d
at

a 
– 

as
su

m
e 

ra
ng

e 
of

 5
0-

10
0 

pp
m

] 

Te
st

 st
an

d 
m

ec
ha

ni
cs

 h
ad

 th
e 

gr
ea

te
st

 
po

te
nt

ia
l f

or
 T

C
E 

ex
po

su
re

.  
O

th
er

s 
(m

ai
nt

en
an

ce
, m

ac
hi

ni
st

s)
 h

ad
 m

uc
h 

le
ss

 
ex

po
su

re
 (d

iff
er

en
t f

ro
m

 Z
ha

o 
et

 a
l 

as
se

ss
m

en
t).

 

Jo
b 

tit
le

s e
xt

ra
ct

ed
 fr

om
 w

or
k 

an
d 

pe
rs

on
ne

l l
is

tin
gs

 (p
ho

ne
 

di
re

ct
or

ie
s)

.  
W

al
k-

th
ro

ug
h 

su
rv

ey
s a

nd
 p

er
so

nn
el

 in
te

rv
ie

w
s. 

M
or

ta
lit

y 
A

na
ly

si
s –

 T
es

t S
ta

nd
 

M
ec

ha
ni

cs
:

Te
st

 S
ta

nd
 M

ec
h:

 S
M

R
=1

.8
 (0

.8
-2

.5
) 

A
ny

 T
C

E:
   

   
   

   
 S

M
R

=2
.2

 (0
.9

-4
.6

) 
Y

ea
rs

 a
s T

es
t S

ta
nd

 M
ec

ha
ni

c:
  

< 
1 

yr
s  

   
   

   
   

   
  R

R
=1

.3
 (0

.2
-9

.3
) 

 1
-4

 y
rs

   
   

   
   

   
   

R
R

=2
.1

  (
0.

7-
6.

2)
 

 5
 +

 y
rs

   
   

   
   

   
   

R
R

=2
.1

  (
0.

6-
7.

1)
  

 Y
ea

rs
 E

ng
in

e 
Fl

us
h:

 
< 

4 
yr

s  
   

   
   

   
   

  R
R

=2
.5

 (0
.3

-4
.4

) 
4 

+ 
yr

s  
   

   
   

   
   

  R
R

=3
.1

 (0
.7

-1
3.

2)
  

Th
is

 E
le

ct
ro

ni
c 

C
op

y 
of

 C
op

yr
ig

ht
ed

 M
at

er
ia

l W
as

 M
ad

e 
an

d 
D

el
iv

er
ed

 fo
r G

ov
er

nm
en

ta
l R

eg
ul

at
or

y/
Ju

di
ci

al
 P

ur
po

se
s 

 
U

nd
er

 L
ic

en
se

 fr
om

 C
op

yr
ig

ht
 C

le
ar

an
ce

 C
en

te
r, 

In
c.

 - 
N

o 
Fu

rth
er

 R
ep

ro
du

ct
io

n 
is

 P
er

m
itt

ed
 w

ith
ou

t a
 S

ep
ar

at
e 

Li
ce

ns
e.

Case 7:23-cv-00897-RJ     Document 481-10     Filed 08/24/25     Page 12 of 16



G
ro

up
 II

 C
oh

or
t S

tu
di

es
 

 
 

Fi
rs

t A
ut

ho
r 

&
 Y

ea
r 

W
or

kf
or

ce
Si

ze
 (n

) 
Pe

rs
on

-Y
ea

rs
 

C
oh

or
t D

es
cr

ip
tio

n 
Q

ua
nt

ita
tiv

e 
or

 S
em

i-Q
ua

nt
ita

tiv
e 

E
xp

os
ur

e 
E

st
im

at
es

  
T

yp
e 

of
 W

or
k 

or
 W

or
k 

A
ct

iv
ity

  
T

C
E

 E
xp

os
ur

e 
M

et
ho

d/
C

om
m

en
ts

 
R

ep
or

te
d 

R
el

at
iv

e 
R

is
k 

G
ar

ab
ra

nt
 

19
88

 (5
1)

 
14

,0
67

 
22

2,
10

0 

A
irc

ra
ft 

m
an

uf
ac

tu
rin

g 
(S

an
 

D
ie

go
 C

ou
nt

y,
 C

al
ifo

rn
ia

). 
 

M
al

e 
(n

 =
 1

1,
89

8)
 a

nd
 fe

m
al

e 
(n

 =
 2

16
9)

 w
or

ke
rs

.  
Fo

llo
w

-
up

 (c
an

ce
r m

or
ta

lit
y)

 fr
om

 
19

58
 th

ro
ug

h 
19

82
. 

[B
as

ed
 o

n 
IH

 st
ud

ie
s a

ss
um

e 
ra

ng
e 

of
 

30
-5

0 
pp

m
]

A
irc

ra
ft 

m
an

uf
ac

tu
rin

g:
  A

ss
um

e 
de

gr
ea

si
ng

/s
ol

ve
nt

 e
xp

os
ur

es
. T

C
E 

m
en

tio
ne

d.
   

Es
tim

at
ed

 th
at

 3
7%

 o
f c

oh
or

t 
ha

d 
TC

E 
ex

po
su

re
, b

as
ed

 o
n 

in
te

rv
ie

w
s o

f s
m

al
l s

am
pl

e 
of

 
w

or
ke

rs
. 

To
ta

l C
oh

or
t: 

 
SM

R
 =

 0
.9

3 
(0

.5
-1

.6
) 

B
la

ir
19

89
 (5

0)
 

1,
76

7 
(I

ns
pe

ct
or

s)
 

36
,7

20
 

M
al

e 
U

.S
. C

oa
st

 G
ua

rd
 

m
ar

in
e 

in
sp

ec
to

rs
 (1

94
2-

19
70

). 
Fo

llo
w

-u
p 

(m
or

ta
lit

y)
 

th
ro

ug
h 

19
79

. 

[C
an

no
t b

e 
de

te
rm

in
ed

 o
r e

st
im

at
ed

 
fr

om
 IH

 d
at

a,
 h

ig
hl

y 
va

ri
ab

le
 g

iv
en

 
in

sp
ec

to
rs

 c
ha

ng
in

g 
jo

b 
si

te
s]

 

M
al

e 
U

.S
. C

oa
st

 G
ua

rd
 m

ar
in

e 
in

sp
ec

to
rs

 (1
94

2-
19

70
). 

 E
xp

os
ed

 to
 

va
rio

us
 c

he
m

ic
al

s. 
TC

E 
w

as
 n

ot
 

ev
al

ua
te

d 
as

 a
 se

pa
ra

te
 e

xp
os

ur
e.

 

Jo
b 

tit
le

 a
na

ly
se

s o
nl

y 

To
ta

l C
oh

or
t  

(n
=1

,7
67

) 
SM

R
 =

 1
.0

6 
(0

.2
-3

.1
)  

C
os

ta
 1

98
9 

(4
8)

 
8,

62
6 

13
2,

04
2 

76
76

 m
en

 a
nd

 9
50

 w
om

en
. 

Fo
llo

w
-u

p 
(m

or
ta

lit
y)

 
be

tw
ee

n 
19

54
-1

98
1 

(u
rin

ar
y 

sy
st

em
 c

an
ce

rs
). 

[B
as

ed
 o

n 
IH

 st
ud

ie
s a

ss
um

e 
ra

ng
e 

of
 

30
-5

0 
pp

m
]

A
irc

ra
ft 

m
an

uf
ac

tu
rin

g 
w

or
ke

rs
 (I

ta
ly

). 
A

ss
um

e 
de

gr
ea

si
ng

/s
ol

ve
nt

 e
xp

os
ur

e,
 

TC
E.

.

So
lv

en
ts

 li
st

ed
 a

m
on

g 
ha

za
rd

ou
s s

ub
st

an
ce

s u
se

d;
 T

C
E 

no
t s

pe
ci

fic
al

ly
 m

en
tio

ne
d.

 

To
ta

l C
oh

or
t  

A
ll 

Y
rs

   
   

   
   

 S
M

R
 =

 0
.7

 (0
.3

-1
.5

) 
H

ire
d 

< 
19

54
   

 S
M

R
=0

.4
 (0

.1
-1

.3
) 

H
ire

d 
> 

19
54

   
 S

M
R

=1
.6

  (
0.

4-
4.

0)
 

Se
ld

en
 &

 
A

hl
bo

rg
 

19
91

 (4
9)

 
2,

17
6 

21
,4

63
 

M
al

e 
Sw

ed
is

h 
A

rm
ed

 F
or

ce
s 

(S
A

F)
.  

Fo
llo

w
-u

p 
(c

an
ce

r 
in

ci
de

nc
e)

 b
et

w
ee

n 
19

75
-

19
83

. 

[C
an

no
t b

e 
de

te
rm

in
ed

 o
r e

st
im

at
ed

, 
ve

ry
 li

m
ite

d 
TC

E 
ex

po
su

re
 a

ss
oc

ia
te

d 
w

ith
 d

eg
re

as
in

g 
ac

tiv
iti

es
]

Je
t f

ue
l e

xp
os

ur
e 

du
rin

g 
th

re
e-

ye
ar

 
pe

rio
d 

19
72

-1
97

4.
   

TC
E 

us
ed

 fo
r m

et
al

 d
eg

re
as

in
g 

to
 a

 li
m

ite
d 

ex
te

nt
. N

o 
da

ta
 o

n 
in

di
vi

du
al

 e
xp

os
ur

es
. 

To
ta

l C
oh

or
t (

n=
2,

17
6)

 
SM

R
 =

 1
.0

3 
(0

.2
-3

.0
) 

Si
nk

s e
t a

l. 
19

92
 (4

7)
 

2,
08

6 
36

,7
44

 

W
or

ke
rs

 fr
om

 a
 p

ap
er

bo
ar

d 
m

an
uf

ac
tu

rin
g 

an
d 

pr
oc

es
si

ng
 

pl
an

t (
G

eo
rg

ia
). 

 F
ol

lo
w

-u
p 

(c
an

ce
r m

or
ta

lit
y 

an
d 

in
ci

de
nc

e)
 b

et
w

ee
n 

19
57

-
19

98
. 

[T
C

E 
ex

po
su

re
 n

ot
 d

em
on

st
ra

te
d 

–
m

ay
 

ha
ve

 h
ad

 li
ttl

e 
op

po
rt

un
ity

 fo
r 

ex
po

su
re

] 

 C
he

m
ic

al
s u

se
d 

in
 fi

ni
sh

in
g 

de
pa

rtm
en

t, 
in

k 
m

ix
in

g,
 st

or
ag

e 
ro

om
s 

TC
E 

lis
te

d 
on

 M
SD

S 
fo

rm
s, 

no
 

ex
po

su
re

 a
ss

es
sm

en
t. 

 

M
or

ta
lit

y 
A

na
ly

se
s:

 
A

ll 
w

or
ke

rs
:  

   
  S

M
R

=1
.4

 (0
.0

-7
.7

) 
In

ci
de

nc
e 

A
na

ly
se

s:
 

A
ll 

w
or

ke
rs

:  
   

  S
IR

=3
.7

 (1
.4

-8
.1

) 
Fi

ni
sh

in
g 

D
ep

t: 
 S

IR
=1

6.
6 

(1
.7

-4
53

.1
)  

  

H
en

sc
hl

er
 

et
 a

l. 
19

95
 

(5
2)

 

16
9 

(E
xp

os
ed

) 
19

0 
(U

ne
xp

os
ed

) 

5,
18

8 
(E

xp
os

ed
) 

6,
10

0 
(U

ne
xp

os
ed

) 

M
al

e 
ca

rd
bo

ar
d 

m
an

uf
ac

tu
re

rs
, w

or
ke

d 
at

 
le

as
t 1

 y
ea

r (
G

er
m

an
y)

, 1
95

6-
19

75
. F

ol
lo

w
-u

p 
(in

ci
de

nc
e)

 
th

ro
ug

h 
19

92
. 

Fe
vo

tte
 e

st
im

at
es

 :
13

5 
pp

m
 (r

an
ge

 6
0-

27
0)

 
C

he
rr

ie
 e

st
im

at
ed

 le
ve

ls
:

10
 –

 2
25

 p
pm

 fo
r h

ot
 d

eg
re

as
in

g 
 

pe
ak

s t
o 

20
00

 p
pm

 

TC
E 

us
ed

 in
: 1

) c
ar

db
oa

rd
 m

ac
hi

ne
 

ar
ea

 (p
ar

ts
 c

le
an

ed
 tw

ic
e/

w
ee

k 
~ 

4-
5 

ho
ur

s)
 2

) l
oc

ks
m

ith
 e

le
ct

ric
ia

n 
sh

op
 –

 
co

nt
in

uo
us

 e
xp

os
ur

es
, l

ow
er

 
co

nc
en

tra
tio

ns
, 3

) c
le

an
in

g 
flo

or
 a

nd
 

cl
ot

hi
ng

. 1
95

6 
to

 1
97

5.
  

W
al

k-
th

ro
ug

h 
su

rv
ey

s a
nd

 
in

te
rv

ie
w

s w
ith

 lo
ng

-te
rm

 
em

pl
oy

ee
s. 

  

C
an

ce
r I

nc
id

en
ce

 b
y 

Co
m

pa
ris

on
 G

ro
up

: 
G

er
m

an
 D

at
a:

   
 S

IR
=9

.6
6 

(3
.1

-2
2.

6)
 

D
en

m
ar

k 
D

at
a:

  S
IR

=7
.9

7 
(2

.6
-8

.7
) 

D
is

tri
bu

tio
n 

of
 c

as
es

: 
bo

ar
d 

m
ac

hi
ni

ng
 (2

) 
lo

ck
sm

ith
 (1

) 
el

ec
tri

ci
an

s (
2)

 

C
ha

ng
 2

00
3 

(2
6)

 
86

,8
68

 
1,

02
2,

09
4 

W
or

ke
rs

 (m
en

: n
 =

 1
6,

13
3;

 
w

om
en

: n
 =

 7
0,

73
5)

. F
ol

lo
w

-
up

 (m
or

ta
lit

y)
 b

et
w

ee
n 

19
85

-
19

97
 

[L
ev

el
s r

ep
or

te
d 

in
 e

le
ct

ro
ni

cs
 fa

ci
lit

y 
(S

in
ga

po
re

) ~
 3

0p
pm

 –
 h

ow
ev

er
 n

o 
TC

E 
su

bc
oh

or
t i

de
nt

ifi
ed

]  

El
ec

tro
ni

cs
 m

an
uf

ac
tu

rin
g 

fa
ct

or
y 

(T
ai

w
an

). 
 N

o 
jo

b 
tit

le
 o

r s
ub

gr
ou

p 
an

al
ys

es
.

TC
E 

in
 w

el
ls

 n
ea

r f
ac

ili
ty

, 
as

su
m

e 
w

or
ke

r e
xp

os
ur

es
, n

o 
sp

ec
ifi

c 
da

ta
. 

C
oh

or
t M

or
ta

lit
y 

A
na

ly
se

s:
M

al
es

:  
   

   
 S

M
R

=0
.0

  (
no

 c
as

es
 o

bs
) 

Fe
m

al
es

   
   

 S
M

R
=1

.1
8 

(0
.2

-3
.4

) 

Th
is

 E
le

ct
ro

ni
c 

C
op

y 
of

 C
op

yr
ig

ht
ed

 M
at

er
ia

l W
as

 M
ad

e 
an

d 
D

el
iv

er
ed

 fo
r G

ov
er

nm
en

ta
l R

eg
ul

at
or

y/
Ju

di
ci

al
 P

ur
po

se
s 

 
U

nd
er

 L
ic

en
se

 fr
om

 C
op

yr
ig

ht
 C

le
ar

an
ce

 C
en

te
r, 

In
c.

 - 
N

o 
Fu

rth
er

 R
ep

ro
du

ct
io

n 
is

 P
er

m
itt

ed
 w

ith
ou

t a
 S

ep
ar

at
e 

Li
ce

ns
e.

Case 7:23-cv-00897-RJ     Document 481-10     Filed 08/24/25     Page 13 of 16



C
as

e-
co

nt
ro

l S
tu

di
es

 
 

 
 

Fi
rs

t
A

ut
ho

r 
&

 
Y

ea
r

So
ur

ce
 o

f C
as

es
 (n

) 
So

ur
ce

 o
f 

C
on

tr
ol

s (
n)

2
C

on
fo

un
de

rs
 E

va
lu

at
ed

Q
ua

nt
ita

tiv
e 

or
 S

em
i-Q

ua
nt

ita
tiv

e 
E

xp
os

ur
e 

E
st

im
at

es
T

yp
e 

of
 W

or
k 

or
 W

or
k 

A
ct

iv
ity

T
C

E
 E

xp
os

ur
e 

M
et

ho
d/

C
om

m
en

ts
R

ep
or

te
d 

R
el

at
iv

e 
R

is
k

Si
em

ia
ty

ck
i 

19
91

 (3
3)

  

M
et

ro
po

lit
an

 
M

on
tre

al
 h

os
pi

ta
ls

. 
(1

77
 c

as
es

) 

H
os

pi
ta

l 
co

nt
ro

ls
: 

m
et

ro
po

lit
an

 
M

on
tre

al
. 

Po
pu

la
tio

n 
co

nt
ro

ls
: 

el
ec

to
ra

l l
is

ts
 

&
 R

D
D

.  
(5

33
 

po
pu

la
tio

n 
co

nt
ro

ls
; 2

48
1 

ot
he

r c
an

ce
rs

 –
 

2nd
 c

on
tro

l 
gr

ou
p)

  

A
ge

, s
ex

, s
m

ok
in

g.
 

[“
An

y”
 a

nd
 ”

su
bs

ta
nt

ia
l”

 
ca

te
go

ri
es

 - 
ca

nn
ot

 b
e 

de
te

rm
in

ed
 o

r 
es

tim
at

ed
 fr

om
 IH

 d
at

a,
 A

ir
cr

af
t m

fg
 

an
d 

m
et

al
 fa

br
ic

at
io

n 
– 

ca
n 

as
su

m
e 

30
-5

0 
pp

m
 b

as
ed

 o
n 

IH
 st

ud
ie

s]

“W
id

el
y 

us
ed

 in
 v

ap
or

 d
eg

re
as

in
g 

si
nc

e 
19

30
s”

. S
ol

ve
nt

 fo
r a

dh
es

iv
es

 
an

d 
lu

br
ic

an
ts

. M
ai

n 
O

cc
up

at
io

ns
: 

M
ac

hi
ni

st
, a

irc
ra

ft 
m

ec
ha

ni
cs

, 
in

du
st

ria
l e

qu
ip

m
en

t m
ec

ha
ni

cs
. 

Se
lf 

re
po

rte
d 

oc
cu

pa
tio

na
l h

is
to

ry
 

cl
as

si
fie

d 
in

to
 T

C
E 

JE
M

 - 
 tw

o 
ca

te
go

rie
s “

an
y 

ex
po

su
re

” 
an

d 
“s

ub
st

an
tia

l”
 e

xp
os

ur
e.

  

TC
E 

Ex
po

su
re

 c
la

ss
ifi

ca
tio

n:
 

A
ny

 E
xp

os
ur

e 
   

   
   

   
 O

R
=0

.8
  (

0.
4-

2.
0)

 
Su

bs
ta

nt
ia

l E
xp

   
   

   
   

O
R

=0
.8

 (0
.2

–2
.6

)  
O

cc
up

at
io

ns
/In

du
str

ie
s:

 
A

irc
ra

ft 
M

fg
 (a

ny
)  

   
   

O
R

=1
.0

 (0
.6

-1
.8

) 
A

irc
ra

ft 
M

fg
 (s

ub
t) 

   
   

O
R

=1
.0

 (0
.4

-2
.7

) 
M

et
al

 F
ab

 &
 M

ac
h 

(a
)  

O
R

=1
.0

 (0
.7

-1
.6

) 
M

et
al

 F
ab

 &
 M

ac
h 

(s
)  

O
R=

1.
3 

(0
.8

-2
.3

)  
   

 

G
re

en
la

nd
 

19
94

 (3
5)

 

N
es

te
d 

ca
se

-c
on

tro
l 

st
ud

y 
tra

ns
fo

rm
er

 
as

se
m

bl
y 

w
or

ke
rs

  
(1

2)
 

N
on

-c
an

ce
r 

de
at

hs
.  

(1
20

2 
to

ta
l c

on
tro

ls
) 

A
ge

, y
ea

r o
f d

ea
th

. 
[B

as
ed

 o
n 

IH
 st

ud
ie

s a
ss

um
e 

ra
ng

e 
of

 3
0-

50
 p

pm
]

TC
E 

w
as

 u
se

d 
fr

om
 1

93
0 

to
 1

97
7 

as
 a

 
de

gr
ea

se
r i

n 
pl

an
t. 

W
or

k 
hi

st
or

ie
s, 

TC
E 

JE
M

: n
o 

ex
po

su
re

 (0
) o

r a
ny

 e
xp

os
ur

e 
(1

). 

M
or

ta
lit

y 
A

na
ly

si
s)

: 
A

ny
 T

C
E 

ex
p:

   
   

O
R

=0
.9

9 
(0

.3
-3

.3
2)

 

V
am

va
ka

s 
et

 a
l. 

19
98

 
(3

4)
 

K
id

ne
y 

ca
nc

er
 

pa
tie

nt
s, 

ne
ph

re
ct

om
y 

in
 

G
er

m
an

 h
os

pi
ta

l. 
(5

8 
ca

se
s)

A
cc

id
en

t 
w

ar
ds

 fr
om

 
th

re
e 

ho
sp

ita
ls

 
< 

20
 k

m
 fr

om
 

ca
se

 h
os

pi
ta

l, 
19

93
. (

84
 

co
nt

ro
ls

)  

A
ge

, g
en

de
r, 

ob
es

ity
, 

hi
gh

 b
lo

od
 p

re
ss

ur
e,

 
sm

ok
in

g,
 d

iu
re

tic
 in

ta
ke

. 

[C
an

no
t b

e 
de

te
rm

in
ed

 o
r e

st
im

at
ed

 
fr

om
 IH

 d
at

a]
  

 
O

cc
up

at
io

na
l h

is
to

ry
 

qu
es

tio
nn

ai
re

. I
nt

er
vi

ew
 w

ith
 

pa
tie

nt
s o

r t
he

ir 
co

lle
ag

ue
s/

 
re

la
tiv

es
 re

ga
rd

in
g 

w
or

k 
hi

st
or

y 
an

d 
co

nd
iti

on
s. 

O
dd

s r
at

io
s b

y 
ex

po
su

re
 g

ro
up

s:
  

++
+ 

   
   

   
   

   
   

 O
R

=1
1.

4 
 (2

.0
-6

6.
8)

 
++

   
   

   
   

   
   

   
  O

R
=1

1.
9 

(2
.6

-5
5.

6)
 

+ 
   

   
   

   
   

   
   

   
O

R
=6

.6
  (

0.
5-

87
.8

) 
A

ll 
ag

e 
gr

ou
ps

:
O

R
=9

.0
  (

2.
9-

27
.8

) 

D
os

em
ec

i e
t 

al
. 1

99
9 

(3
6)

 

M
in

ne
so

ta
 C

an
ce

r 
Su

rv
ei

lla
nc

e 
Sy

st
em

. 
(4

38
 c

as
es

)  

Po
pu

la
tio

n 
ba

se
d 

co
nt

ro
ls

. 
(6

87
 c

on
tro

ls
) 

A
ge

, s
m

ok
in

g,
 

hy
pe

rte
ns

io
n,

 u
se

 o
f 

di
ur

et
ic

s a
nd

 o
r a

nt
i 

hy
pe

rte
ns

io
n 

dr
ug

s, 
an

d 
B

M
I.

O
ve

ra
ll 

13
%

 o
f c

as
es

 e
xp

os
ed

 to
 

TC
E,

 1
0%

 o
f c

on
tro

l s
ub

je
ct

s 
ex

po
se

d.
 [C

an
no

t b
e 

de
te

rm
in

ed
 o

r 
es

tim
at

ed
 fr

om
 IH

 d
at

a]

Pe
rs

on
al

 in
te

rv
ie

w
s w

ith
 p

at
ie

nt
s 

an
d 

ne
xt

 o
f k

in
, o

cc
up

at
io

na
l 

hi
st

or
y 

qu
es

tio
nn

ai
re

s;
 JE

M
s 

de
ve

lo
pe

d 
by

 N
C

I. 

O
R

s f
or

 T
C

E 
ex

po
su

re
 b

y 
se

x;
 

M
al

es
:  

   
   

  O
R

=1
.0

  (
0.

6-
1.

7)
 

Fe
m

al
es

:  
   

 O
R

=1
.9

6 
(1

.0
-4

.0
) 

B
ot

h 
Se

xe
s  

O
R

=1
.3

 (0
.9

-1
.9

) 

Th
is

 E
le

ct
ro

ni
c 

C
op

y 
of

 C
op

yr
ig

ht
ed

 M
at

er
ia

l W
as

 M
ad

e 
an

d 
D

el
iv

er
ed

 fo
r G

ov
er

nm
en

ta
l R

eg
ul

at
or

y/
Ju

di
ci

al
 P

ur
po

se
s 

 
U

nd
er

 L
ic

en
se

 fr
om

 C
op

yr
ig

ht
 C

le
ar

an
ce

 C
en

te
r, 

In
c.

 - 
N

o 
Fu

rth
er

 R
ep

ro
du

ct
io

n 
is

 P
er

m
itt

ed
 w

ith
ou

t a
 S

ep
ar

at
e 

Li
ce

ns
e.

Case 7:23-cv-00897-RJ     Document 481-10     Filed 08/24/25     Page 14 of 16



Pe
sc

h 
et

 
al

. 2
00

0 
(7

) 

K
id

ne
y 

ca
nc

er
 

pa
tie

nt
s f

ro
m

 fi
ve

 
G

er
m

an
 re

gi
on

s. 
(9

35
 c

as
es

) 

Fr
eq

ue
nc

y 
m

at
ch

ed
 

co
nt

ro
ls

 b
y 

ag
e,

 se
x 

an
d 

ar
ea

 fr
om

 lo
ca

l 
re

si
de

nc
y 

re
gi

st
ry

. (
42

98
 

co
nt

ro
ls

) 

A
ge

, s
tu

dy
 c

en
te

r, 
sm

ok
in

g.
 

JE
M

 –
 C

an
no

t e
st

im
at

e 
ex

po
su

re
 

le
ve

ls
, [

D
eg

re
as

in
g 

ac
tiv

iti
es

 c
ou

ld
 

ra
ng

e 
fr

om
 3

0-
10

0 
pp

m
 b

as
ed

 o
n 

Eu
ro

pe
an

 IH
 d

at
a 

(R
aa

sc
ho

u-
N

ie
ls

en
, 2

00
2)

] 

Ex
po

su
re

 in
di

ce
s i

nc
or

po
ra

te
 d

ur
at

io
n,

 
pr

ob
ab

ili
ty

 a
nd

 in
te

ns
ity

 o
f T

C
E 

ex
po

su
re

 

Q
ue

st
io

nn
ai

re
 a

sc
er

ta
in

in
g 

oc
cu

pa
tio

na
l h

is
to

ry
. E

xp
os

ur
es

 
de

fin
ed

 a
cc

or
di

ng
 to

 B
rit

is
h 

JE
M

, 
G

er
m

an
 JE

M
 a

nd
 jo

b-
ta

sk
 

ex
po

su
re

 m
at

rix
 (J

TE
M

). 

R
es

ul
ts

 b
y 

jo
b 

an
d 

jo
b/

ta
sk

 m
at

ric
es

: G
er

m
an

 
Jo

b 
ex

po
su

re
 m

at
rix

:
M

ed
iu

m
:  

   
 O

R
=1

.1
 (0

.7
-1

.8
) 

H
ig

h 
   

   
   

   
O

R
=1

.1
 (0

.9
-1

.4
) 

Su
bs

ta
nt

ia
l :

 O
R

=1
.3

 (0
.9

-1
.8

) 
Jo

b 
Ta

sk
 E

xp
os

ur
e 

M
at

rix
: 

M
ed

iu
m

   
   

  O
R

=1
.3

 (1
.0

-1
.8

) 
H

ig
h 

   
   

   
   

 O
R

=1
.1

 (0
.8

-1
.5

) 
Su

bs
ta

nt
ia

l: 
  O

R
=1

.3
 (0

.8
-2

.1
) 

Jo
b 

Ti
tle

s:
 

M
et

al
 P

ro
ce

ss
in

g 
  O

R
=1

.1
 (0

.7
-1

.8
) 

M
et

al
 C

le
an

in
g 

   
  O

R
=1

.3
 (0

.7
-2

.3
) 

B
ru

ni
ng

 e
t 

al
.

20
03

(2
7)

 

K
id

ne
y 

ca
nc

er
 

pa
tie

nt
s f

ro
m

 
A

rn
sb

er
g,

 G
er

m
an

y;
 

ur
ol

og
y 

de
pa

rtm
en

t. 
(1

54
 c

as
es

) 

H
os

pi
ta

l 
co

nt
ro

ls
 fr

om
 

lo
ca

l s
ur

ge
ry

 
de

pa
rtm

en
ts

 
w

ith
ou

t 
de

m
en

tia
 o

r 
ca

nc
er

,
m

at
ch

ed
 b

y 
ag

e 
an

d 
se

x.
 

(4
01

 c
on

tro
ls

) 

A
ge

, s
ex

, s
m

ok
in

g.
 

[S
el

f r
ep

or
t- 

ca
nn

ot
 p

ro
vi

de
 

ex
po

su
re

 e
st

im
at

es
. D

eg
re

as
in

g 
ac

tiv
iti

es
 c

ou
ld

 ra
ng

e 
fr

om
 3

0-
10

0 
pp

m
 b

as
ed

 o
n 

Eu
ro

pe
an

 IH
 

da
ta

(R
aa

sc
ho

u-
N

ie
ls

en
, 2

00
2)

]  

Se
lf 

re
po

rte
d 

w
or

k 
hi

st
or

y 
(o

cc
up

at
io

na
l q

ue
st

io
nn

ai
re

) a
nd

 
TC

E 
us

e,
 c

la
ss

ifi
ed

 a
cc

or
di

ng
 to

 
B

rit
is

h 
JE

M
. 

Se
lf 

re
po

rte
d 

TC
E:

Se
lf 

re
po

rt:
   

   
   

   
   

   
   

O
R

=2
.5

 (1
.4

-4
.5

) 
Se

lf 
re

po
rt 

by
 d

ur
at

io
n:

  
 <

10
 y

rs
   

   
   

   
   

   
   

   
  O

R
=3

.8
 (1

.5
-9

.3
) 

10
-2

0 
yr

s  
   

   
   

   
   

   
   

 O
R

=1
.8

 (0
.7

-4
.8

) 
20

+ 
yr

s  
   

   
   

   
   

   
   

   
 O

R
=2

.7
 (0

.8
-8

.7
) 

In
du

st
ry

, j
ob

 ti
tle

 o
r w

or
k 

ac
tiv

ity
: 

M
et

al
 d

eg
re

as
in

g 
   

   
  O

R
=5

.6
 (2

.3
-1

3.
3)

 
D

eg
re

as
in

g 
(J

EM
)  

   
   

O
R

=1
.0

 (0
.4

-2
.5

) 
Ir

on
/S

te
el

 In
du

st
ry

   
   

 O
R

=1
.2

 (0
.3

-4
.5

) 
C

on
ta

ct
 w

/ m
et

al
s  

   
   

O
R

=1
.5

 (0
.9

7-
2.

4)

Th
is

 E
le

ct
ro

ni
c 

C
op

y 
of

 C
op

yr
ig

ht
ed

 M
at

er
ia

l W
as

 M
ad

e 
an

d 
D

el
iv

er
ed

 fo
r G

ov
er

nm
en

ta
l R

eg
ul

at
or

y/
Ju

di
ci

al
 P

ur
po

se
s 

 
U

nd
er

 L
ic

en
se

 fr
om

 C
op

yr
ig

ht
 C

le
ar

an
ce

 C
en

te
r, 

In
c.

 - 
N

o 
Fu

rth
er

 R
ep

ro
du

ct
io

n 
is

 P
er

m
itt

ed
 w

ith
ou

t a
 S

ep
ar

at
e 

Li
ce

ns
e.

Case 7:23-cv-00897-RJ     Document 481-10     Filed 08/24/25     Page 15 of 16



Fi
rs

t A
ut

ho
r 

&
 Y

ea
r

So
ur

ce
 o

f C
as

es
 (n

) 
So

ur
ce

 o
f C

on
tr

ol
s (

n)
2  

C
on

fo
un

de
rs

 E
va

lu
at

ed
Q

ua
nt

ita
tiv

e 
or

 S
em

i-Q
ua

nt
ita

tiv
e 

Ex
po

su
re

 
E

st
im

at
es

T
yp

e 
of

 W
or

k 
or

 W
or

k 
A

ct
iv

ity
T

C
E

 E
xp

os
ur

e 
M

et
ho

d/
C

om
m

en
ts

R
ep

or
te

d 
R

el
at

iv
e 

R
is

k

C
ha

rb
ot

el
 e

t 
al

. 2
00

6 
(2

8)
  

[in
 F

ev
ot

te
 e

t 
al

., 
20

06
] 

(6
4)

 

K
id

ne
y 

ca
nc

er
 c

as
es

 
fr

om
 a

 re
gi

on
 in

 F
ra

nc
e 

w
ith

 a
 T

C
E-

us
in

g 
sc

re
w

 
cu

tti
ng

 in
du

st
ry

. (
86

 
ca

se
s)

C
on

tro
ls

 re
si

de
nt

s i
n 

th
e 

ge
og

ra
ph

ic
 st

ud
y 

ar
ea

 a
t 

th
e 

tim
e 

of
 c

as
e 

di
ag

no
si

s, 
m

at
ch

ed
 o

n 
ag

e 
an

d 
ge

nd
er

. 
(3

16
 c

on
tro

ls
) 

M
at

ch
ed

 o
n 

ge
nd

er
 a

nd
 

ye
ar

 o
f b

irt
h.

 A
dj

us
te

d 
fo

r t
ob

ac
co

 a
nd

 B
M

I. 
[s

om
e 

an
al

ys
es

 a
ls

o 
ad

ju
st

ed
 fo

r c
ut

tin
g 

flu
id

s 
an

d 
ot

he
r p

et
ro

le
um

 o
ils

] 

A
rv

e 
V

al
le

y 
(s

cr
ew

 c
ut

tin
g)

:  
19

60
s a

ir:
  1

80
-6

00
 p

pm
 

19
60

s T
CA

  2
20

-5
05

 m
g/

L 

19
75

 a
ir:

  7
0-

80
0 

pp
m

 w
as

hi
ng

 a
re

as
 

2-
 5

0 
pp

m
 a

dj
ac

en
t a

re
as

 

19
84

 a
ir:

 u
p 

to
 2

00
 p

pm
 w

ith
in

 6
m

 o
f d

eg
re

as
in

g 
m

ac
hi

ne

O
f s

cr
ew

 c
ut

te
rs

:  
72

%
  <

 3
5p

pm
 

13
%

  >
  5

0 
pp

m
 

5%
   

 >
 7

5 
pp

m
 

M
os

tly
 sc

re
w

 c
ut

tin
g 

in
du

st
ry

, w
he

re
 

de
gr

ea
si

ng
 a

nd
 so

lv
en

t u
se

 c
om

m
on

.  
A

ls
o 

ge
ne

ra
l T

C
E 

us
e 

as
 so

lv
en

t i
n 

ot
he

r i
nd

us
tri

es
. 

Ex
po

su
re

 c
at

eg
or

ie
s i

n 
ep

id
em

io
lo

gi
c 

an
al

ys
is

:
V

er
y 

lo
w

: 1
-3

5 
pp

m
  

Lo
w

:  
35

-5
0 

pp
m

 
M

ed
iu

m
: 5

0-
75

 p
pm

 
H

ig
h:

  7
5-

10
0 

pp
m

 
V

er
y 

H
ig

h:
  >

 1
00

pp
m

 

In
te

rv
ie

w
s, 

qu
es

tio
nn

ai
re

.  
Ta

sk
 

sp
ec

ifi
c 

ex
po

su
re

 m
at

rix
:  

O
pe

n 
co

ld
 d

eg
re

as
er

: 
15

-1
8 

pp
m

; 5
0 

pp
m

 a
bo

ve
 ta

nk
 

O
pe

n 
ho

t d
eg

re
as

in
g:

 
12

0 
pp

m
; 3

00
 p

pm
 a

bo
ve

 ta
nk

. 
H

al
f –

 O
pe

n 
H

ot
 d

eg
re

as
er

s:
 

35
pp

m
; 7

5 
pp

m
 a

bo
ve

 ta
nk

  
Em

pt
yi

ng
 a

nd
 re

fil
lin

g 
de

gr
ea

se
r:

av
er

ag
e 

le
ve

ls
:  

30
0 

pp
m

  
H

an
d 

di
pp

in
g:

  3
0 

pp
m

 a
ss

ig
ne

d 

A
fte

r  

R
es

ul
ts

 b
y 

TC
E 

Ex
po

su
re

 In
de

x:
A

ny
 T

C
E 

ex
p 

   
 O

R
=1

.6
 (0

.9
5-

2.
8)

 
Lo

w
 c

um
l e

xp
   

   
 O

R
=1

.6
 (0

.8
-3

.5
) 

M
ed

 c
um

l e
xp

   
   

 O
R

=1
.2

 (0
.5

-2
..8

) 
H

ig
h 

cu
m

l e
xp

   
   

 O
R

=2
.2

 (1
.0

-4
.6

) 
H

ig
h 

co
nf

id
en

ce
 in

 T
C

E 
ex

po
su

re
 a

ss
ig

n:
 

A
ny

 T
C

E 
   

   
   

   
O

R
=1

.9
 (0

.9
-4

.0
) 

Lo
w

 c
um

l e
xp

   
   

O
R

=0
.9

 (0
.1

-7
.4

) 
M

ed
  c

um
l e

xp
   

   
O

R
=1

.0
 (0

.3
-3

.7
) 

H
ig

h 
cu

m
l e

xp
   

  O
R

=3
.3

  (
1.

3-
8.

7)
 

O
th

er
 E

xp
os

ur
e 

m
ea

su
re

s:
 

A
ny

 m
et

al
 w

or
k:

   
   

  O
R

=1
.0

2 
(0

.6
-1

.8
) 

Sc
re

w
 c

ut
tin

g 
sh

op
s  

 O
R

=1
.3

 (0
.7

-2
.3

) 
M

et
al

 w
or

ke
rs

   
   

   
   

 O
R

=1
.0

 (0
.6

-1
.8

) 
N

ot
es

:
A

. R
el

at
io

ns
hi

p 
be

tw
ee

n 
bi

ol
og

ic
al

 m
ea

su
re

m
en

ts 
an

d 
ai

rb
or

ne
 le

ve
ls

 (F
ev

ot
te

 e
t a

l):
   

   
  B

. 1
 p

pm
 ~

 5
.2

7 
m

g/
m

3

- l
ow

 U
TC

A
 +

 T
C

E 
< 

40
 m

g/
g 

 ~
 <

 3
0 

pp
m

 
- m

ed
 U

TC
A

+ 
TC

E 
 4

0-
10

0 
m

g/
g 

~ 
30

-6
0 

pp
m

 
- h

ig
h 

U
TC

A
 +

 T
C

E 
10

0-
17

0 
m

g/
g 

~ 
60

-8
0 

pp
m

 
- v

er
y 

hi
gh

 U
TC

A
 +

 T
C

E 
17

0-
30

0 
m

g/
g 

 ~
 >

 8
0 

pp
m

   

1.
 C

om
m

en
ts

 in
 it

al
ic

s i
nd

ic
at

e 
im

pu
ta

tio
n 

by
 a

ut
ho

rs
 b

as
ed

 o
n 

av
ai

la
bl

e 
in

di
ca

te
d 

hy
gi

en
e 

lit
er

at
ur

e 
(R

aa
sc

ho
u-

N
ie

ls
en

, 2
00

1,
 2

00
2;

 F
ev

ot
te

, 2
00

6;
 B

ak
ke

, 2
00

7)
. 

2.
R

D
I =

 ra
nd

om
 d

ig
it 

di
al

in
g 

Th
is

 E
le

ct
ro

ni
c 

C
op

y 
of

 C
op

yr
ig

ht
ed

 M
at

er
ia

l W
as

 M
ad

e 
an

d 
D

el
iv

er
ed

 fo
r G

ov
er

nm
en

ta
l R

eg
ul

at
or

y/
Ju

di
ci

al
 P

ur
po

se
s 

 
U

nd
er

 L
ic

en
se

 fr
om

 C
op

yr
ig

ht
 C

le
ar

an
ce

 C
en

te
r, 

In
c.

 - 
N

o 
Fu

rth
er

 R
ep

ro
du

ct
io

n 
is

 P
er

m
itt

ed
 w

ith
ou

t a
 S

ep
ar

at
e 

Li
ce

ns
e.

Case 7:23-cv-00897-RJ     Document 481-10     Filed 08/24/25     Page 16 of 16




