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Mortality of Aerospace Workers Exposed to
Trichloroethylene
Robert W. Morgan, Michael A. Kelsh, Ke Zhao, and Shirley Heringer

We measured mortality rates in a cohort of 20,508 aerospace
workers who were followed up over the period 1950-1993. A
total of 4,733 workers had occupational exposure to trichloro-
ethylene. In addition, trichloroethylene was present in some of
the washing and drinking water used at the work site. We
developed a job-exposure matrix to classify all jobs by trichlo-
roethylene exposure levels into four categories ranging from
“none” to “high” exposure. We calculated standardized mor-
tality ratios for the entire cohort and the trichloroethylene-
exposed subcohort. In the standardized mortality ratio analy-
ses, we observed a consistent elevation for nonmalignant
respiratory disease, which we attribute primarily to the higher
background rates of respiratory disease in this region. We also
compared trichloroethylene-exposed workers with workers in
the “low” and “none” exposure categories. Mortality rate ratios

for nonmalignant respiratory disease were near or less than
1.00 for trichloroethylene exposure groups. We observed ele-
vated rate ratios for ovarian cancer among those with peak
exposure at medium and high levels Jrelative risk (RR) = 2.74;
95% confidence interval (CI) = 0.84-8.99] and among
women with high cumulative exposure (RR = 7.09; 95% CI =
2.14-23.54). Among those with peak exposures at medium
and high levels, we observed slightly elevated rate ratios for
cancers of the kidney (RR = 1.89; 95% CI = 0.85-4.23),
bladder (RR = 1.41; 95% CI = 0.52-3.81), and prostate
(RR = 1.47; 95% CI = 0.85-2.55). Our findings do not
indicate an association between trichloroethylene exposure
and respiratory cancer, liver cancer, leukemia or lymphoma, or
all cancers combined. (Epidemiology 1998;9:424-431)

Keywords: aerospace workers, cancer, cohort study, healthy worker effect, respiratory disease, trichloroethylene.

Trichloroethylene (TCE) has been used in degreasing
metal, processing food, and as an anesthetic agent. In
1992, the U.S. Environmental Protection Agency
(EPA) withdrew its classification of TCE as a “probable
human carcinogen.” In 1995, the International Agency
for Research on Cancer (IARC) reclassified TCE to
Category 24, indicating that “. . . a positive association
has been observed between exposure to the agent. . . and
cancer. . . but chance, bias, or confounding could not be
ruled out with reasonable confidence.” At least two
reviewers questioned the IARC classification.??
Previous studies examined cohorts exposed either to
TCE or to solvent mixtures containing TCE.3-!8 Of 15
published occupational mortality studies mentioning
TCE, a few report positive associations, but among
them, there is no consistent major increase in cancer
mortality.*-'® Weiss® recently reviewed studies of TCE
production workers (Finland'? and Sweden?), civilian air
force employees (Utah!?), and aerospace workers (Ari-
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zona; ENSR Health Sciences. Final Report: Historical
Prospective Mortality Study of Hughes Aircraft Employ-
ees at Air Force Plant #44. ENSR Health Sciences, May
1990, unpublished report). He concluded that there was
no excess cancer risk, with the possible exception of
non-Hodgkin’s lymphoma and cancers of the liver, bil-
iary tract, and kidney.

Anttila et al'” reported excess incidence of cancers of
the stomach, liver, prostate, and lymphohematopoietic
systems in Finnish workers exposed to organic solvents,
including TCE. Henschler et al®® reported excess inci-
dence of renal cell cancers in a small (N = 169) heavily
exposed cohort of German cardboard workers. In a study
of aircraft maintenance workers, Spirtas et al'? reported
elevated standardized mortality ratios (SMRs) for biliary
cancer among male employees and multiple myeloma
and non-Hodgkin’s lymphoma among female employees.
Low SMRs were reported for all causes, all cancers
combined, and nonmalignant respiratory diseases. Axel-
son et al* reported an excess of skin cancer among male
Swedish workers identified through a TCE surveillance
program. They also report standardized incidence ratios
for men of 1.6 and 1.4 for non-Hodgkin’s lymphoma and
liver/biliary cancer, respectively. An earlier analysis of
Hughes aircraft workers found no excess cancer risk or
overall impact on mortality (ENSR Health Sciences,
unpublished report).

Our study evaluates the mortality of the same cohort
of employees working at a Hughes Aircraft manufactur-
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ing site in Arizona. Most TCE exposure occurred in  important in assessing cancer risk.) In the SMR analyses,
vapor degreasing units between 1952 and 1977. Before = we used cumulative exposure scores and a dichotomous
1981, the plant had used some contaminated well water ~ measure (none/any) to define exposure groups.
(TCE levels estimated between 730 and 2,200 parts per

—— billion)-for-showers-and-drinking. Thus, workers.were —__ STATISTICAL-ANALYSES

potentially _exposed through both occupation (inhala-  \ye ysed the OCMAP-PC computer program to calcu-
tion and skin exposure) and water. We have now fol-  |are SMRs and 95% confidence limits for the overall
lowed the cohort through 1993, with more extended . hore and TCE-exposed subcohorts.?! For internal co-
analyses than the 1990 study of this cohort (ENSR  por analyses, we used Mantel-Haenszel procedures and
Health Sciences, unpublished report). Cox proportional hazard models that included exposure
classification, age at hire, and gender.? Data concerning
race were too sparse to use in the stratified analyses or

Methods o Cox models. Because we found that decade of hire did

From company records, we identified all workers who  p6¢ influence relative risk estimates, we did not include
-~ were employed at the plant for at least 6 months be- i i1, the final Cox models. We analyzed all causes of

tween January I, 1950, and December 31, 1985. We death, nonmalignant respiratory disease, and selected

d?‘ef‘“‘“?d vital status through the Social Security Ad- 31 cer outcomes using three exposure classification sys-
ministration (SSA) and National Death Index (NDI). o1 (ever/never, peak, and cumulative).

W_e .exc.luded 2? persons from the cohort because of To analyze peak exposure, we combined jobs with no
missing information, leaving a cohort of 20,508 workers. 514 [ow exposure into one group and jobs with medium
Personnel data included name, Social Security number, 5.4 high exposure into a second group. To define cu-
date ‘of bu-th, sex, race, date. of hire, job title, an.d mulative exposure categories, we examined the distribu-
termination date. After ascertaining deaths through ei- o of cumulative exposure scores to identify any obvi-

ther SSA or NDI, we obtained death certificates from ;¢ cutpoints. The distribution was approximately
each state and coded cause of death according to the lognormal, with no obvious modes. Therefore, we di-
Ifnemanonal Classxﬁc':auon of Diseases (ICD) in use at  yided the TCE-exposed group into “low” and “high”
time of deat}} (1"ev151<‘)ns 7_9_)' ) based on cumulative exposure score. Exposure groups
Becau§e limited industrial hygiene measurements oo roughly equal (50%), with the low group including
were available for the Hughes plant before 1975, Hughes any workers with the equivalent of up to 5 years of
employees with at least 30 years of experience rated TCE exposure to jobs at low exposure or 1.4 years of medium
exposure for each job classification. Hughes industrial exposure. The high-exposure group includes all other
hygienists then compiled these ratings into a master TCE-exposed workers.
exposure matrix that was reviewed and confirmed by the Our SMR analyses include most causes of death. For
Hughes employ@es. . o internal cohort analyses, we selected outcomes either on
From the ratings, 101?5 were classified into €XpOSUre  the basis of previous reports or because of elevated SMRs
categories of high, medium, low, or none. The highest i our analyses. Because results from the Mantel-Haen-
rating involved work on degreaser machines using TCE, e[ and Cox proportional hazards models were so simi-
which the industrial hygienists estimate were equivalent lar, we present only Cox modeling results. Although we
to exposures above 50 parts per million. Jobs with @ ysed the ever/never exposure classification in both SMR
medium rating/were near th? degreasing area, with more 514 internal cohort analyses, we do not report those
thgn occasxgnal contact with TCE. A low €XpOSUT®  results, because they are highly correlated with both
rating was given to jobs away from the degreasing area,  peak and cumulative exposure classifications. (A full set
%)ut entailing ‘occasmnal contact with TCE. All other ¢ analytical tables is available upon request.)
jobs were assigned zero exposure. Most TCE—expose.d For cancer sites previously identified as possibly TCE
workers hf’d more tha'n one category of €Xpaosure. Wedid  a550ciated, we combined our data with previously pub-
not C‘?m‘def .p(?tentlal exposure to drinking or wash  Jished cohorts to calculate a series of meta-SMRs and
water in classifying occupational TCE exposure. associated confidence limits. We derived the meta-

We assigned exposure scores of 0 for none, 1 for low,  SMRs from the sums of observed and expected deaths.
4 for medium, and 9 for high exposure, which assumes a

potential exponential exposure-response relation. We

assigned a zero level to anyone with less than 6 months %&:sult; ) d orimarily of whi I
of any TCE exposure (N = 1,025). Then, for each job, € conort 15 composed primarily of white men, nearly
we multiplied months of exposure by the TCE rating (0, half of whom were hired before 1960. Of 4,052 deaths,

1, 4, or 9) and summed the results to amive at a cumu- W€ Were unable to locate 112 death certificates. Some
lative (total) exposure score. For internal cohort analy- occupational TCE exposure was experienced by 23% of
ses, we created exposure groups using both cumulative the cohort (Table 1).

exposure and the job with the highest TCE exposure

rating (“peak” exposure). (We used “peak” exposure to ~ SMR ANALysIs

evaluate hypotheses that high-level exposure involves  For the full cohort, most SMRs were below 1.00 (Table
different metabolic pathways and may, thus, be more  2), with elevations for Hodgkin’s disease (1.25) and
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TABLE 1. Distribution of Aerospace Worker Cohort by Sex, Race, Birth Decade, Hire Decade, and Exposure Classification
Nonexposed TCE Exposed Totals
Demographic
Factor % PY* %PY N % PY %PY N % PY %PY
Sex
Male 11,187.0 709 250,4100 704 2,555.0 54.0 57,879.0 54.7 13,7420 67.0 308,289.0 66.8
Female 4,588.0 29.1 1053550 296 12,1780 46.0 47,973.0 453 6,766.0 33.0 153,328.0 33.2
20,508.0 461,617.0
Race
White 14,698.0 932 331,0720 931 4,132.0 873 91,561.0 86.5 18,830.0 91.8  422,633.0 91.6
Nonwhite 1,077.0 6.8 24,693.0 6.9 601.0 12.7 14,291.0 13.5 1,678.0 8.2 38,984.0 8.4
20,508.0 461,617.0
Birth year
1920 3,168.0 20.1 88,953.0 250 11,0220 216 29,711.0 281 4,190.0 204  118,664.0 25.7
1920-1929 3,171.0 201 96,1520 27.0 893.0 189 23,9500 226 4,064.0 19.8 120,102.0 260
1930-1939 3,252.0 20.6 89,186.0 25.1 803.0 17.0 19,382.0 183 4,055.0 19.8  108,568.0 235
1940-1949 2,288.0 145 37,9680 10.7 11,0080 213 19,779.0 18.7 3,296.0 16.1 57,741.0 12.5
1950-1959 2,8400 180 33,669.0 9.5 749.0 158 10,558.0 10.0 3,589.0 175 44,227.0 9.6
=1960 1,056.0 6.7 9,838.0 2.8 258.0 55 2,472.0 23 1,314.0 6.4 12,310.0 2.7
20,508.0 461,618.0
Hire date
<1960t 6,941.0 440 222,557.0 626 1,563.0 33.0 48,779.0 46.1 8,504.0 415  271,336.0 58.8
1960-1969 1,782.0 113 44,0800 124 913.0 288 23,0450 218 2,695.0 13.1 67,125.0 14.5
1970-1979 2,448.0 155 42,5450 120 1,3220 189 24,6250 233 3,770.0 18.4 67,170.0 14.6
19801989 4,604.0 292 46,5840 13.1 9350 165 9,403.0 8.9 5,539.0 27.0 55,987.0 12.1
Totals 15,775.0 769 355,766.0 77.1 4,733.0 231 105,852.0 18.7 20,508.0 100 461,618.0 100.0

* PY = person-years.
+ Only 27 employees started before 1950.

kidney cancer (1.14), although confidence intervals
(CI) were wide (95% CI = 0.60-2.30 and 0.78-1.61,
respectively). SMRs for all respiratory diseases and for
suicide were also elevated. For these conditions, Arizona
rates are considerably higher than national rates. When
we used Arizona rates for comparison instead of U.S.
rates, SMRs were lower (data not shown).

The TCE-exposed subcohort results resembled the
total cohort SMRs for most causes of death (Table 2).
SMRs for respiratory disease (1.14; 95% CI = 0.92-
1.41) and kidney cancer (1.32; 95% CI = 0.57-2.60)
were elevated, but with wide confidence intervals. SMRs
for prostate (1.18; 95% CI = 0.73-1.80), respiratory
(1.12; 95% CI = 0.91-1.35), bladder (1.36; 95% CI =
0.59-2.68), and ovarian (1.21; 95% CI = 0.52-2.38)
cancers, which were all below 1.00 in the overall cohort
analysis, were slightly elevated in the TCE-exposed
subcohort analysis, although, again, with wide confi-
dence intervals. For respiratory cancers, we observed
higher SMRs in the low-exposure category than in the
high-exposure group. We also examined SMRs among
the nonexposed subcohort (data not shown). These
results were similar to the SMRs for the overall co-
hort.

INTERNAL COHORT ANALYSIS

Qur Cox proportional hazards modeling results are pre-
sented in Tables 3-5. For all cancers and nonmalignant
respiratory disease, all risk ratios for peak and cumulative
exposure classifications were near 1.00 (Table 3). The
risk ratio for respiratory cancers in the low-cumulative-
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exposure group was 1.47 (95% CI = 1.07-2.03); how-
ever, both peak- and high-cumulative-exposure groups
had risk ratios near 1.00 (Table 3).

For cancers of the lymphatic and hematopoietic sys-
tems (Table 4), risk ratios were close to 1.00 for all of
these cancers combined and for leukemia. For lympho-
sarcoma and reticulosarcoma, the risk ratios were slightly
elevated for the peak-exposure and the low-cumulative-
exposure groups; however, these estimates had wide con-
fidence intervals. For the high-cumulative-exposure
group, the risk ratio was 0.81, indicating lack of a dose-
response effect. There were 11 cases of Hodgkin’s disease
in the cohort; because only one case was in the TCE-
exposed group (Table 2), we did not conduct internal
cohort analyses on this outcome.

For liver, kidney, bladder, prostate, and ovarian can-
cer, we observed somewhat higher associations with
TCE exposure, but with varying confidence intervals
(Table 5). These are based on only a few exposed cases,
uniformly leading to wide confidence intervals. For blad-
der and ovarian cancers in the high-exposure categories,
the confidence intervals were 1.10-6.65 and 2.14-23.54,
respectively. For liver cancers, there was no association
with the peak exposure classification, nor was there an
apparent dose-response trend for cumulative exposure. Kid-
ney cancers had a higher association (RR = 1.89; 95%
CI = 0.85-4.23) with peak exposure than high cumulative
exposure (RR = 1.59; 95% CI = 0.68-3.71). Ovarian
cancers had the highest associations with TCE exposure for
peak (RR = 2.74) and high cumulative exposures
(RR = 7.09).
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