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Abstract

We conducted a cohort mortality study of 20,508 aerospace workers who were followed
over the period 1950-1993. A total of 4,733 workers had occupational exposure to
trichloroethylene (TCE). In addition, TCE was present in some of the washing and
dnnkmg water used at the work site. We developed a job-exposure matrix to clasmfy all
jobs by TCE exposure levels into four categories ranging from ¢ none” to “hxoh” exposure
We calculated Standardized Mortality Ratios (SMRs) for the entire cohort and the TCE- |
exposed sub-cohort. -Low SMRs for 411 Causes aod Cardr‘ovasculor mortality indicate a
strong healthy worker effect. In the Sl‘\/[R analyses we observed a consrstent elevation for

_ non-mahgnant respiratory disease attributable primarily to the higher background rates of
respiratory disease in this region. Defining unexposed workers as the reference group, we
also conducted internal cohort analyses using Mantel-Haenszel stratified analysis

. techniques and Cox regression models. All relative risk estimates derived from the Cox
models for nonmalignant respiratory disease were near or less than 1.0 for TCE exposu_re

- groups. We observed elevated rate ratios for ovarian cancer that have not been reported in
prewous TCE studies. We observed slightly elevated risk ratios for cancers of the kldney,
bladder and prostate, but with wide confidence mtervals Our findings do not suggest an
association bemeerl TCE exposure_ and respiratory cancer, liver cancer, leukemia or

lymphoma, or all cancers combined. )

" Keywords: Aerospace workers, cancer, cohort study, epidemiology, healthy worker effect,

respiratory disease, trichloroethylene.
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Introduction

Trichloroefhylene (TCE) has been used in degreﬁsing metal, processilng food, and as an anesthetic
agent.. In 1992, the United States Environmental Protection ;Agency (EPA) withdrew its;
classification of TCE as a "probable human carc_r‘.in.cogen."1 In 1995, the Ixxtez;national Agency for
Research on Cancer (IARC) reclassified TCE té Category 24, indicating that "...a ﬁositive _
assoc;iation has been observed be\meen exposure to the agent...and canéer...but chance, biaé, 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 ér to solvent mixtures containing .
TCE.>*'® Of fifteen published occupational mortality studies mentioning TCE, a few report
positive associations, but no consistent major increases in cancer mortality. “™® Weiss® recently
reviewed studies of TCE production workers (Finland™ al;d Sweden®), civilian air force
employees (Utah)'” and aerospace workers (Arizona).”? He concluded that there was no excess
cancer risk, with the possib'le excepﬁon of non-Hodgkin's lymphoma and cancers of the Lver,

biliary tract, and Hdney.

Anttila, et al repo_rted excess incidence of cancers of the stqmac_:h, liver, prostate, and
lymphohematopoietic systems in Finnish 1w.(irker's exposed to organic solvents including TCE."
He;ischler, et al reported excess incidence of renal ceﬁ cancers in a small (n=169) heavily exposed

~ cohort of German cardboard workers 2!




In a study of aircraft maintenance workers, Spirtés et al. reported elevated SMRs for biliafy
cancer among male employees and multiple myeloma and non-Hodgkin’s lymphoma among
female .ernployees.” Low SMRs were reported for all causes, all cancers combined, and non-
malignant respiratory diseases. Axelson et al. reported an excess of skin cancer among Swedish
workers identified thrdugh 2 TCE surveillance program.* They also report SIRs of 1.6 and 1.4 for
non-Hodgkin’s lymphoma and li\_fer/biliary cancer. An earlier analysis of Hughes aircraft wo.rkersr

found no excess cancer risk or overall impacts on mortality. ?

‘Our study evaluates the r'nortality‘of the same cohort of employees working at .a Hughes Aircraft
mﬁnufacturing site in Arizona. Most TCE exposure occqrred in vapor de;greasing units between
1952;and 1977. Prior to 1981, .the plant had used some contaminated well water (TCjE leveis
estimated between 730 and 2200 lﬁpb) for showers and drinking. Thus, workers were potentially
exposed .thr'ough both o'ccupation (inhalation and skin exposure) and water. We have now
followed the cohort through 1993, with_morg extendéd analﬁses than the 1990 study of this

cohort. &
Methods

From company records, we identified all workers who were émployed at the plant for at least six .
months between January 1, 1950 and Decgmbe; 31, 1985, We determined vital status through the
| Soc.iai- Sécurity Adnﬁﬁstration (SSA) and Nat-ibnal Death Index (NDI). We excluded 27 persons
 from the cohort becéuse of missing information, leaving 'a cohort of 20,508 workers.
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Personnel data included name, social security number, date of birth, sex, race, date of hire, jdb
tit'le and termination date. After ascertaining deaths éithe;' through SSA or NDI, we obtained
death certificates from each state and coded cause of death.acc:‘arding to the Inte;‘national

- Classification of Diseases in use at time of death (Revisions 7-9).

Since limited industrial hygien!e measurements were avaﬂable for the I-iughes plant prior to 1975,
Hﬁgﬁes employees with at least 30 years experience ratet.:l TCE exposure for each job |
classification. Hughes industn'él hygienists then compiled these ratings'into a master exposﬁre

'matrix that was reviewed and confirmed by the Hughes employees. -

From the raﬁngs, jobs were classified into exposure categories of izigh, medium, low, or none.
The highest rating involved work on degreaser machines ‘u‘sing TCE, which the industrial
hygienists estimate were equivalent to eprsures above 50 ppm. J obs with a medium rating were
near the éegrea;sing area, with more than occasional contact with TCE. A low e:-cposu_re rating
was given to jobs away from the 'degreasing area, but e_nta‘iling occasiohall contact with TCE. All
other jobs were assigned zero exposure. Most TCE-ex;_:?osed workers had more than one category
of exposure. We did not consider potential exposure to drmkmg or wash water in classifying

Fl

cdcupatibnal TCE exposﬁre.




We assigned exposure scores of 0 for None, 1 for Low, 4 for Medium, and 9 for H;lgh Exposure,
which assumes épotential éxporiehtial éxposure response relationship. We assigned a zero level
to anyone with less than six months of any TCE exposure (n=102‘5). Then, for each job, months
of exposure were multiblied by the TCE rating (0, 1, 4, or 9) and results summed to arrive at a
cumnulative (total) ech;sure score. For internal cohoﬁ analyses, we created exposure groups-using
both cumulative exposure and the job with the highest TCE exposure ratln:g (“peak“ exposure)
(We utilized “peak” exposure to evaluate hypotheses that high-level exposure involves dlfferent

metabolic pathways and may thus be more important in assessing cancer risk.) SMR analyses

‘used cumulative exposure scores and none/any exposure to define €xposure groups.
- !

Statistical Analysis

E’V."{Jife used the OCMAP-PC computer programto calculate Standardzzed Mortahty Ratios (SMRs)
 and 95% confidence limits for the overall cohort and TCE-exposed sub-cohorts.Z For internal
cohort analyses, we used Mantel-Haenszel procedures and Cox propornonal hazard models that
| included exposure classﬂicatlon, age at h1re and gender.” Data concemmg race were too sparse
to use in the stratified analyses or Cox models. Since we ‘found that decade of hire did not
influence relative risk estimates, we did not include it in the final Cox models. We ahalyzed all ‘

- causes of death, non-malignant respiratory disease, and selected cancer outcomes using three

exposure classification systems (ever/never, peak, and cumulative).

To analyze peak exposure, v_\_r'e'_q'omﬁined jobs with no and low exposure into one group, and
medium and high exposed jobs in the second group. To define cumulative e:ﬁposure categories,
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we examined the distribution of cumulative exposure scores to identify any obvious cutpoints.
The distribution was approximately lognormal, with no obvious modes. Therefore, we divided
TCE-exposed group into "low" and "high" based on cumulative exposure score. Expésure groups

were roughly equal (50%), with the low group including any workers with the equivalent of up to

7

five years exposure to jobs at low exposure or 1.4 years of medium exposure. The high exposure

group includes all other TCE exposed workers.

QOur SMR analyses include most causes of death. For internal cohort analyses, we selected
oﬁtcomes on the basis of either previous reports or because of _élevated SMRs in our analyses.
Since results from the Mantel-Haenszel and Cox p;oportiouél hazards models were so similar, we
present only Cox modeling results. Although we used the ever/never exposure classiﬁcation in
both SMR and internal cohort analyses, we do not report those results because they are highly
correlated with both ﬁeak and cumulative exposure classifications. (A-full set of analjtic tables is

available upon request.)

For cancer sites previously identified as possibly ’I‘.CE-ésso‘ciated, we combined our data with -
previously published cohorts to calculate a series of meta-SMRs and associated conﬁdenée limits,

We derived the meta-SMRs from the sums of observed and expected deaths,

 Results

" The cohort is composed of pnmanly white males, and nearly one-half were hired before 1960.




Of 4,052 deaths, we were unable to locate 112 death certificates. Some occupation-al TCE

exposure was experienced by 23% of the cohort (Table 1).

SMR Anafys is

For the full cohort, most SMRs were bel‘ow 100 (Table 2), with elevations for Hodé_kin's—disease
(124.9), and kidney cancer (114.2), although with wide confidence intervals (95% CI: 59.9-229.6
and 78.1-161.3, respectively). SMRs for all respiratory diseases and for suicide were also
elevated. For these conditions, Arizona rates are considerably hig};er thén national rates. When w’e. B

¥

used Arizona rates for comparison instead of U.S. rates, SMRs were lower (data not shown).

The TCE-exposed sub-cohort results resembled the total cohort SMRs for most causes of death
(Table 2). SMRs for respi{ratoxy disease (114.4 (95% CI: 91.6-141.1)) and kidney cancer (131.9
(95% CI: 57.0-255.9)) were elevated, but with wide confidence intervals. SMRs for prostate '
(117.8 (95% CI: 72.9-180.1)), respiratory (111.5 (95% CI: 91.0-135.2)) and bladder (136.2‘
('95% CI: 58.8-268.4)) and ovarian (12(5.6 (95% CI: 52.1-237:6)) cancers, which Weile all below

100 in the overall cohort analysis, were slightly elevated in the TCE-exposed sub-cohort analysis, ,




although, again, with wide confidence 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 non-exposed sub-cohort (data not shown). These results were 'similar to the SMRs for

the overall cohort.

Internal Cohort Analysis

Our Cox proportlonal hazards modeling results are presented in Tables 3, 4 and 5. For all cancers
and nonmahgnant resplratory disease, all risk ratios for peak and cumulatwe €xXposure i
classifications were near 1.0 (Table 3). The risk ratio for respiratory cancers in the low cumulative
exposure group was 1.47 {95% CI: 1.07-2.03); however, both peak and high cumulative equsul;e

- : L

groups had risk ratios near 1.0 (Table 3).

i

For cancers of the'iymphatic and hematc;poietic systems (Table_4);- .risk ratios were close to 1.0
for all of these cancers combined and for leukemia. For lymphosarcoma and reﬁculosarcoma% the
risk .ratios fvc_ere slightly e-levated for the peak exgosure and the low cumulative exposure groups;
lgowever,_ these estimates had wide confidence intervals. For the high cumulative exposure group,
the risk ratio was 0.8, suggesting lack of a dose-responée effect. There were 11 cases of
Hodgkin's disease in the cohort; since only one case was in the 'I:CE-exposed group (Table 2), we

did not conduct internal cohort analyses on this outcome.




For liver, kidney, bladder, prosta_te, and ovarian cancer, we observed somewhat hiéher
ass‘ociations with TCE exposure, but with varying c;onﬁdence intervals _(Table 5). These are based_
oﬁ only a few exposed cases, uniformly leading to wide confidence intervals with all but the lower
confidence limit less than 1.0, except for bladder and ovarian cancers in the high exposure
categories, with confidence intervals of 1.10-6.65 and 2. 14—23.5;4, réspectively. For liver cancers,
there ﬁras no association with the peak exposure classification nor was there an apparent dose-
response trend for cumulat'iv'e exposure. Kidney cancers had a lﬁgher association (RR=1.89 (95%
CI: 0.85-4. 23)) thh peak exposure than hzgh cumnulative exposure (1.59 (95% CI: 0 68-3. 71))
Ovanan cancers had the highest associations with TCE exposure for peak (RR=2. 74) and high

cumulatlve exposures (RR=7.09),

The meta-SMRs ‘which combine results from the four TCE cohorts cited by Weiss,? were all near
1.0, ranging from 1.09 for prostate and kidney cancers to 1.25 and 1.32 for non-Hodgkin’s

lymphoma and hver cancer, respectively (Table 6).
_ Discussion

We observed'slightly elevated relative risks fér kidney, bladder, and prostate cancer and a fairly

high relative risk for avarian cancers, Among some of the cancers previously, but inconsistently,

reported as potentially associated with TCE exposuré (stomach, liver, lymph and blood




malignancies), we observed only mild or no elevations in either relative risks or SMRs.

Of the cancer outcomes noted in the Weiss review as possibly related to TCE (biliary tract, liver,
kidney, and non-Hodgkin's lymphoma), we observed only a sligl;htly elevated relative risk for
kidney cancer. Blha.ry tract cancer was not specifically evalﬁated and there were essentially no
associations v'vit.h TCE for liver cancer and non;Hodgkin's lymphoma. Ourtrelative 'ﬁ;k es';hnates
for kidney cancer showed modest increases (RR=1.89 and 1.59) but were based on small nu.mbers
with wide confidence intervals. For bladder cancer, 'the highest relative risk was in the high
cumulative exposure group with only a modest association with the peak exposure cIassiﬁcétion.’ ‘
Relative risks for prostate cancer‘were modest. We were unable to control for smoking, an |
| established causal factor for bladder éﬁt-icer. Qur data offer little support for an assqc;iation
between TCE expésure and cancer moﬂaﬁty from leukemia, cancer in hematopoietic tissues, and
digesti\}e_, liver 'and respiratory cancers, bur -ﬁﬁdings for kidney, bladder, prostate,- a.nd‘ovar_ian
cancers ghould be viewed cautiously considering .the limitations of small numbers, lack of
information on smoking, and lack of quantitative exposure information.

!

In paﬂicﬂar, bur finding of a potential association between TéE and ovarian cancer has not been
previouslf reported. Very few studies‘have examined occupational exposures and these cancerl

;isks. Among the TCE.studics, Anttila, ef al. found no excess risk 'and Spirtas, et al. repoﬁ similar
ﬁndings (SMR=101).""° A hospital based case-control study in the Washington, DC, area diﬁ not

find an association between ovarian cancer and occupational solvent or polycyclic




aromatic hydrocarbon exposures; however, only a few participants in this study held
manufacturing jobs.** We observed 13 such cancers in the entire cohort and eight among the
TCE-exposed subcohort. The expected numbers in the SMR analyses were 19.4 and 6.6,
respectively. The fact that six of the eight exposed cases were classified as “high” TCE exposure |

.accounts for the higher rate ratios.

Risk factors for o?an'an cancer include family history of ovarian cancer, use of infertility drugs
anﬁ Ioﬁg periods of unprotected irite;course.zs Protective factors for ovarian cancer include use of
oral ccntraceptlves number of pregnancies, breast feeding and history of gynecologmal ,
surgery.?** We reviewed the death certificates for these deaths and did not ﬁnd any smulanty in
last names that could suggest a potential cluster of ovarian cancer cases among the same fanziﬁes.

' This review is limited because we relied only on names of workers in the cohort; we did not
condtict interviews or collect other data on family history of ovarian cancer. Qur results are

| dependent on six exposed cases, gnd'exposure nﬁs;:lassiﬁcation'or aﬁothe_r cause froma
competing risk factor in one or two cases could substantially reduce the association. The lack of
previous research suggesting ovarian cancer risk, the small number of c—:aseéinvolvéd, and the
numerous unmeasured potential confounding factors limit our ability to interprét these findings.

Given the largely unknown etiology of ovarian cancer, further reséé.rch may be warranted.

To compare these updated results with previous research, we calculated meta-SMRs for liver,

prostate, and kidney cancers, and non-Hodgkin's lymphoma across the studies evaluated in the
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recent review by Weiss.® Although these four studies do not represent the comI:;Iete set of TCE
studies, IARC considered them to be the most relevant for assessmg TCE carcmogemczty In
general, the meta-SMRs offer little support for a relationship between TCE exposure and non-
Hodgkin’s lymphoma or cancers of the kidney, bladder, and prostate (Table 6). Small numbers of
cases (except for prostate cancer), even aggregated across all four studies, firther limits causal

interpretation of these findings. -

Tq address the pron_eunced healthy worker eﬂ'ect (HWE) in this cohort, we employed Cox
proportional hazards models, using peak and cumulative exposures. In eur study, howe\rer, the
Cox method is limited by small numbers of canr:ers in the exposed, unexposed, or both groups.

". Thus, narrowly defining exposure groups, while reducing potential exposure misclassification,
creates emaﬂer groups, which produces rrrore imprecise estimares of relative risk. These faetors
have to be consicieredininterpretihg internal cohort analysis,remﬂts.. The small number of cases in |
the TCE sub-cohort limits .our ability to assess the risks for rare cancers. In addition, although
nearly two-thirds of the TCE-expdsed cohort had a latency of more than twenty years (Table D), it

is possible that higher risks could be observed in future years.

In addition to its modest staﬂst:cai power this study has other limitations. We lack data on
potentzal confounders such as smoking, diet, or exposure to other solvents. Furthermore, w:th no
direct measurements of personal exposure, we had to rely on experts to assign estimated levels of
TCE exposure, although we believe.the extensive review process should have helped to reduce

exposure misclassification.

11




The recent IARC review of uiciﬂoroethyicne carcinogenicity considered positive ﬁhdings from
three occupational stlidies (Anttila," Axelson® and Spirtas”) for liver/biliary cancer and non-
Hodgkin's fymphoma as suggestive of TCE carcincg‘enicity.2 Our results and the meta-SMRs do
not suggest high cancer risks for these outcomes. Because TCE is nio longer widely used, there -
will be limited 'opponur'ﬁty for further study of worker populations to help resolve tiie -
discrepancies among existing studies. The identification and analysis of other historically e}iposed
cohorts, improved exposure assessment; more comprehensive meta-analysis, and cvaluaticii of

female cancers will help to resolve cancer risk questions.
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TABLE 3: All Cancers and Respiratory Diseases: Internal Cohort Anatyses for Peak and Cumulative Exposure
Classifications Using Cox Propertional Hazards Models
"Aerospace Workers Cohort, 1950-1993

Exposed Unexposed R.R LowerC.l. UpperC.i.
(m) (n)
All Cancers S S : :
Peak: med and high 177 923 . ] 1.057 0.900 1.242
vs. low and no exposure .
Curnulative 114 830 1215 0.993 1.486
(Low) ‘
Curmulative 156 830 1.006 0.847 L.194
(High) : _ ' '
Non-Malignant Respiratory Disease <= -, DR TR e e
Peak: med and high - 59 330 0.967 0.733 1.276
vs. low and no exposure
Cumnulative , 32 302 1.010 0.696 1.467
(Low) : ' ‘
Cumulative - 55 ' 302 0.994 0.745 1.326 e
_ (High)
Respiratory Cancers - f° .70 ey
Peak: med and high , 64 324 0.818 1401
vs. low and no exposure
Cutnulative 45 291 1.473 1.067 2.034
(Low)
Cumulative . 52 291 0963 0716 1.294
(High) '




TABLE 4: Lymphatic and Hematopoietic Cancers: Internal Cohort Analyses for Peak and Cumulative
Exposure Classifications Using Cox Proportional Hazards models
Aerospace Worker Cohert, 1950-1993

Exposed Unexposed R.R  LowerC.l. UpperC.L
(n) (n) :
Lymphatic.& Hematopoietic. - L - : .
Peak: ried and high 17 90 1.081 0.642 1.813
vs. low and no exposure _
Curnuiative T -8 1.0%4 0.558 2.143
(Low) . .
Cumulative . 15 82 1.031 0.593 1.792
_ (High) _
Lenkemia - = -7 o e o e o -
Peak: med and high 7 35 1.102 0.489 2486
-vs. low and no exposure
Cumulative 3 32 0.691 0206 2316
(Low)
Cumulative ‘ 7 32 - 1141 - 0502 - 2.597
Lymphosarcoma & Reticilosarcoma g
Peak: med and high 2 _ 9 1.305 0.280 6.079 -
- vs. low and no exposure ’
Cumulative S 2 8 ] 2.248 0.455 11.091
{Low) ' : -
Cumulative 1 8 0.806 0:100 6.491
(High) : _ ) _




Exposure Using Cox Proportional Hazards Models

Aerospace Worker Cohort, 1950-1993

TABLE 3: Urinary Tract and Reproductive Cancers: Internal Cohort Analyses for Peak and Cumulative

Exposed Unexposed R.R LowerC.l. UpperC..
(m) (n)
|Liver : L '
Peak: med and high 3 17 0.977 0.285 3345 .
vs. low and no exposure ‘
Cumulative 3 14 2.123 0.589 7.659
(Low)
Cumulative 3. i4 1.189 0.339 4.163
(High)
Kidney Cancer ' . i SR
’ Peak: med and high 24 1.893
vs. low and no exposure .
Cumulative 1 24 0.312 0.041 © 233
- (Low) '
Cumuiative 7 24 1.589 0.681 3.705
__(High)
Bladder*s - ¥ e N ) '
Peak: med and high -5 18 1.413 0.524 3.310
vs. low and no exposure
Cumulative i 15 0.693 0.090 3.359
(Low)
Cumulative 7 15 2.707 1.102 6.649
(High)
Prostate Cancer* - . - R
Peak: med and high 16 60 1.468 0.845 2.551
vs. low and no exposure
" Cumuiative 7 55 1.050 0.479 2.321
(Low) | :
Cumuiative 14 35 1.352 0.751 2435
. (High) ' -
Ovarian Cancer* :
¢ Pezk: med and high 4 9 2.743 0.837 8.986
vs. low and no exposure
Cumulative - 2 5 3454 0.664 17.970
(Low) )
- Cumnulative 6 - 7.092 2.136 23.540
(High) :

*Cox modeis include age only as indepandent van'ab}e .

ey i
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Aerospace Workers Cohort
Standardized Mortality Ratios for Selected Causes of Death

Qverall Cohort

95% Confidence Interval

Cause of Death | Observed| Expected SMR Lower|. Upper
All Causes of Death 4052 4772.00 84.9 823 87.6
All Malignant Neoplasms v 1100 1267.00 86.8 81.7 92 1
Cancer of Digestive Organs & Peritoneum 255 307.80 82.8 73.0 93.7
Cancer of Stomach 22 44 62 49.3 30.8 74.7
Cancer of Large Intestine 121 109.80f  110.0 913p 1314
Cancer of Rectumr 18 2525 71.3 422" 112.7
Cancer of Biliary Passages & Liver 20 . 26.00 76.9 47.0 118.8
Cancer of Pancreas 47 6190 75.9 55.8 . 101.0
Cancer of Respiratory System 401 423.90 94.6 85.5 104.3
Cancer of Bronchus, Trachea & Lung * ‘388 404.20 95.8 86.5 105.8
Cancer of Breast . 47 62.78 74.9 55.0 89,5
All Uterine Cancers (Females Only) 6 17.43 34 4 12.6| 749"
“Cancer of Other Female Genital Organs 43 19.35 67.2 35.8 114.91
Cancer of Prostate (Males Only) 76 81.41 93.4 736 116.8{.
Cancer of Bladder & Other Urinary 23 27.34]  84.1 533 126.2
Cancer of Kidney ) 32 28.01 114.2 78.1 161.3
Cancer of Central Nervous System 28 33.29 84.1 855.9 121.6
Cancer of All Lymphatic, Haematopoietic 107 11140 . 96.0 78.7 116
Lymphosarcoma & Reficulosarcoma 11 14.20 77.5 . 387 138.6
Hodgkin's Disease 10 8.01] 1249 59.9 2296
Leukemia & Aleukemia . ' 42 42.83 88.1 70.7 1326
Cancer of All Other Lymphopoietic Tissue 44 46.45 94.7 68.8 127.2
All Other Mafignant Neoplasms 67 9522 704 5450 89.4
Diabetes Melfitus _ . 47 85.92 54.7 402 727
All Heart Disease 1409 1751.00 804 76.3] 84.8
Cerebrovascular Disease 170 278.00 61.1 523 714
Nonmalignant Respiratory Disease 389 337.70 1152} 104.0 127.2
Bronchitis, Emphysema, Asthma 118 71.08] 1632 134.8| 195.7
Bronchitis ' 23 10.78 2134 135.3| 3201
Emphysema 66 551 1281 29.1 163.0
Asthma 27 8.80 3069 2023 . 445.6
Other Nonmalignant Respiratory 171 153.90 1111 95.1 129.1
Cirrhasis of Liver : 65 115.00 56.5 436 72.0
Nephritis & Nephrosis , 36 36.13 89.6] . 62.8 137.9
All External Causes of Death 293 366.70 79.9 71.0 - 89.6f
Accidents 156 224.90 69.3 £8.8 81.1
Motor Vehicle Accidents 88 104.90 83.9 67.3 1033
All Other Accidents 68 120.00 56.6| - 44.0 71.8
Suicides 115 89.14] 1290 106.5 154.9
Homicides & Other External Causes 22 §2.58° 418 26.2 63.3
All Other Causes of Death 385 483.80. 78.3 70.6 86.6
112

Unknown Causes of Death




Aerospace Workers Cohort
Standardized Mortality Ratios for Selected Causes of Death

TCE-Exposed Sub-Cohort

Cause of Death

95% Confidence interval

Unknown Causes of Death

Observed| Expected SMR Lower Upper
« Al Causes of Death 917 1088.0 84.2 78.8 89.9
All Malignant Neoplasms 270 295.0 91.5 80.9 103.1
_Cancer of Digestive Organs & Peritoneum .55 71.34 77.1 58.1 100.4
Cancer of Stomach 1 10.37 9.6 02 53.7
Cancer of Large Intestine ' 26 2563 101.4 66.3 148.6
Cancer of Rectum 8 5.66| 1059 38.9 230.6
Cancer of Biliary Passages & Liver 8 6.13 97.9 35.9 2131
Cancer of Pancreas 11 14.40 76.4 38.1 1367
Cancer of Respiratory System 103 82.40 1115 g1.0 135.2
Cancer of Bronchus, Trachea & Lung 97! 88.31 109.8 89.1 134.0
Cancer of Breast 16 21.27 752 43.0 1221
All Utering Cancers (Females Only) 1l 6.12 16.3 0.4 91.0
Cancer of Other Female Genital Organs 8 6.63] ~ 1206 52.1 2376
Cancer of Prostate (Males Only) 21 17.83] - 11'7.8 72.9| 180.1
Cancer of Bladder & Other Urinary 8 5.87 136.2 - 58.8 268.4
Cancer of Kidney - 8 6.06 1318 57.0| - 250.9} -
. Cancer of Central Nervous System 4 732 547 14.9 139.9
Cancer of All Lymphatic, Haematopoietic 25 25.17| 98.3 64.3 146.6
Lymphosarcoma & Reticulosarcoma 3 3.12 g6.2 19.9 281.2}"
Hodgkin's Disease 1 1.67 60.0 1.5 3345
Leukemia & Aleukemia 10 9.53 104.9 50.3 192.9
Cancer of All Other Lymphopoietic Ti T‘ssue 11 10.88 101.3 506 181.3
All Other Malignant Neoplasms 13 2222 58.5 312 160.1
Diabetes Mellitus 9 21.33] 422 19.3 -80.1
All Heart Disease . 290 3874 74.8 66.5 84.0
Cerebrovascular Disease 40 67.43 59.3 424 80.8
Nonmalignant Respiratory Disease 87 76.07 114.4 - 916 141.1
Bronchitis, Emphysema, Asthma 271 1569 1721} 1134 280.4
_ Bronchitis . 6l - - 2.35 254.9 -93.6 §54.9
Emphysema 18} 1107 1355 75.8| 223.4
Asthma 6 = 226 265.3 974 577.5
Other Nonmalignant Resparatcly 39 3476 1122 79.8 1534
Cirthosis of Liver ' 14 25.34 55.3 30.2 92.7
Nephritis & Nephrosis 6| '8.96 66.9 246 145.7
All External Causes of Death 68 -80.13 B4.9 65.9 1076
Accidents £1 48.86 83.9 60.2 1138
Motor Vehicle Accidents ' 23 22.76} 1010 641 1516
All Other Accidents 18 26.09 69.0 40.9 109.0
Suicides - 20f - - 1836 108.9 66.5 168.2
Horicides & Other External Causes 7 12.91 542 21.8 111.7
All Other Causes of Death 101 114.10 88.5 72.1 107.5
16 '




Aerospace Workers Cohort
Standardized Mortality Ratios for Selected Causes of Death

Overall Cohort

SMRs by Exposure Categories
None or Low Medium High
Cause of Death Obs |SMR |Gbs |[SMR |Obs |SMR
All Causes of Death 3436 86.5 295 86.0 321 704
All Malignant Neoplasms . g15| 87.4| 90| 963 95| 76.8
Cancer of Digestive Organs & Peritoneum 2187 855 18| 79.4 18} 630
Cancer of Large Intestine 103} 113.0 8 981 10 93.8
Cancer of Pancreas . 40f 781 4 873 3] 493
Cancer of Respiratory System 330 93.3 311 1095 40 95.2
Cancer of Breast 41 B2.8 5{ 66.5 1 17.3
Cancer of Prostate (Males Only) 61| .80.7 51 904 - 101 116.4
Cancer of Bladder & Other Urmary 17] 743 3| 1666(., 3f 1127
Cancer of Kidney 24| 102.3 2| 106.8 6| 223.1
Cancer of All Lymphatic, Haematopoietic 90; 96.8 ol 1132 8 757
Lymphosarcoma & Reticulosarcoma 107  84.1 1] 100.4 4 —
Hodgkin's Disease g{ 1322 1 189.3 0, —
Leukemia & Aleukemia 35 97.7 3] 100.1 4] 9938
- Cancer of All Other Lymphopoietic Tissue 36| 936 41 1187 4] - 874
All Heart Disease iisg} 819 88| 713 125 74.2
Cerebrovascular Disease 143] 623 11 501 16y S59.9
Nonmalignant Respiratory Disease 322 11486 34 1437 33] 99.8
Bronchitis, Emphysema, Asthma 96] 161.9 10] 2029 10] 1458
Emphysema | 54} 1254 6] 173.6 €] 1202
Other Nonmalignant Respiratory - - 137] 107.3 171 158.8 17| 109.2
Cirrhosis of Liver g 58| 60.1 5 64.1 2| 1858
All External Causes of Death . 255! 825 231 90.0 15] 471
Accidents - ' 138y 717 12| 768 8| - 40.9
Suicides 101j 1334 , 8] 1398 6] 78.0
All Other Causes of Death 3231 805 31 857 25] '54.0




Aerospace Workers Cohort
© Standardized Mortality Ratios for Selected Causes of Death

TCE-Exposed Sub-Cohort by Duration of Employ.ment

Cohort by Duration
<10 years 10 - 19 years 20+ years
Cause of Death Obs. SMR Obs. SNMR Obs. SMR
- jAll Causes of Death 306 78.8 393 84.81 218 92.0
All Malignant Neoplasms 91 86.71 110 929 69 96.3
Cancer of Digestive Organs & Peritoneum 18]. 724 21 707 16 95.3
Cancer of Large Intestine 8 93.1 8 75.4 10 1585.5
Cancer of Pancreas 5 102.1 2 33.5 -4 1134
Cancer of Respiratory System 35 112.2 41 113.6; 27| 107.5
Cancer of Breast 8 87.0 7 89.8 1 23.3
Cancer of Prostate (Males COnly) 7 155.8 8 88.1 6] 141.0
Cancer of Bladder & Other Urinary 0 - 4 153.5 4 276.9
Cancer of Kidney . 3 138.5 3 128.9 2 127.4|
Cancer of All Lymphatic, Haematopoietic 7 73.4] 16 164.3 2 33.9{ ..
Hodgkin's Disease T 110 o} - — "ol -
Leukemia & Aleukemia _ 3 81.8 " 6| - 1637 1 45.5
Cancer of All Other Lymphopaietic Tissue 2 54.9 8 187.6] 1 339
All Heart Disease 89 69.8 130 75.2 71 81.4
Cerebrovascular Disease 6 27.2 21 638 13 104.6
Nonmalignant Respiratory Disease 22 93.3 42| - 1244 23 1228
Bronchitis, Emphysema, Asthma 8 157.3 14 200.2 "5 - 1385
Emphysema 5 148.2 7 138.1 3 112.5
Other Nonmalighant Respiratory 11 109.0 17 117.3 " 108.0
Cimhosis of Liver ' 4 365 7 73.7 3 61.6
All External Causes of Death 37 83.3 24 934 7 68.7
Accidents 22 84.1| 15 91.1 4 64.2
Suicides 9 91.3}. 8- 1404 3 106.8
All Other Causes of Death 36 86.2 44 88.9 21 91.6
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