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MORTALITY AMONG WORKERS EXPOSED TO ETHYLENE OXIDE
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Abstract Background. Ethylene oxide is a sterilant
gas that causes leukemia and other cancers in animals.
Studies in Sweden have shown an excess of leukemia
and stomach cancer in humans exposed to ethylene ox-
ide, but other studies have generally failed to confirm
these findings.

Methods. We conducted a study of mortality in 18,254
U.S. workers exposed to ethylene oxide at 14 plants pro-
ducing sterilized medical supplies and spices. The sub-
jects averaged 4.9 years of exposure to the gas and 16
years of follow-up. The exposure levels in recent years
averaged 4.3 ppm (eight-hour time-weighted adjusted ex-
posure) for sterilizer operators and 2.0 ppm for other work-
ers. The levels in earlier years are likely to have been
several times higher. Mortality in this cohort was com-
pared with that in the general U.S. population.

Results. Overall there was no significant increase in
mortality from any cause in the study cohort. The stand-
ardized mortality ratios (SMRs) were 0.97 for leukemia (95
percent confidence interval, 0.52 to 1.67; 13 deaths ob-
served), 1.06 for all hematopoietic cancers (95 percent

THYLENE OXIDE is a gas used as a chemical
intermediate; since the 1950s it has also been used
to sterilize medical supplies and other materials. The
National Institute for Occupational Safety and Health
(NIOSH) estimates that approximately 270,000 work-
ers in the United States are exposed to ethylene ox-
ide.! Those with relatively high levels of exposure in-
clude approximately 96,000 exposed in hospitals and
21,000 exposed during the commercial sterilization
of medical supplies, pharmaceutical products, and
spices.

Ethylene oxide is a highly reactive epoxide and is a
direct alkylating agent. Three inhalation studies in
rodents have found that multiple cancers, particularly
leukemia and brain cancer, are associated with expo-
sure to ethylene oxide in a dose-related manner.2* Nu-
merous studies have indicated increased sister-chro-
matid exchange, chromosomal aberrations, or both in
workers exposed to ethylene oxide.”!" The findings of
epidemiologic studies of ethylene oxide and cancer
have been contradictory, limited by the small num-
bers of cases, and sometimes difficult to interpret be-
cause of mixed exposures.

Hogstedt et al. studied 733 Swedish workers ex-
posed to ethylene oxide at two production facilities
and one facility using the gas.'”' As of 1988, the
standardized mortality ratio (SMR) for leukemia was
9.21 (95 percent confidence interval, 3.51 to 18.03;
7 deaths observed) and that for stomach cancer was
5.46 (95 percent confidence interval, 2.66 to 10.22; 10
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confidence interval, 0.75 to 1.47; 36 deaths), and 0.94 for
stomach cancer (95 percent confidence interval, 0.45 to
1.70; 11 deaths). Analyses according to job category and
according to the duration of exposure showed no excess
in cancers, as compared with the rate in the general popu-
lation, but there was a significant trend toward increased
mortality with increasing lengths of time since the first ex-
posure for all hematopoietic cancers. The rate of death
from hematopoietic cancer (especially non-Hodgkin’s lym-
phoma) was significantly increased among men (SMR,
1.55; 27 deaths). Mortality from leukemia in recent years
(1985 through 1987) was significantly increased among
men (SMR, 3.45; 5 deaths).

Conclusions. For the entire cohort, there was no in-
crease in mortality from hematopoietic cancer. There was
a slight but significant increase among men, however.
Among men and women combined, there was a trend
toward an increased risk of death from hematopoietic
cancer with increasing lengths of time since the first ex-
posure to ethylene oxide. (N Engl J Med 1991; 324:
1402-7.)

deaths). At all three facilities, there were other poten-
tial confounding exposures, including exposure to the
known animal carcinogens ethylene chlorohydrin and
ethylene dichloride at one of the production facilities.
Historical ethylene oxide levels at the three facilities
were estimated on the basis of limited sampling data
to have been in the range of 5 to 20 ppm.

Although these studies have shown an increased fre-
quency of leukemia and stomach cancer among work-
ers exposed to ethylene oxide, four other studies of a
total of 5903 workers found no excess (the latter were
limited by their small samples or by incomplete infor-
mation on exposure).'®'> Among these 5903 workers
there were 6 cases of leukemia (as compared with 5.4
expected cases) and 23 cases of stomach cancer (as
compared with 18.7 expected; one study did not report
data on stomach cancer). A fifth study®’ of 2174 chem-
ical-plant workers found 7 cases of leukemia, as com-
pared with 3.0 expected, and 3 cases of stomach can-
cer, as compared with 3.7 expected. However, the
excess cases of leukemia in this study were limited to
workers using a particular process that entailed mini-
mal exposure to ethylene oxide but higher exposures
to ethylene chlorohydrin.?'

In 1984, on the basis of the results of the animal
studies and the Swedish studies, the Occupational
Safety and Health Administration (OSHA) lowered
the standard for eight-hour time-weighted exposure to
ethylene oxide from 50 ppm to 1 ppm.? In 1987 the
International Agency for Research on Cancer con-
cluded, on the basis of what it considered sufficient
evidence in animals and limited evidence from studies
in humans, that ethylene oxide was a probable human
carcinogen.?

To investigate further whether exposure to ethylene
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oxide increases the risk of cancer, particularly hema-
topoietic, stomach, brain, and pancreatic cancer, we
studied mortality in approximately 18,000 workers ex-
posed to ethylene oxide in 14 industrial plants. Most
were exposed in the course of sterilizing medical
supplies, although workers in three plants treated
spices and those in another manufactured and tested
sterilizers.

METHODS

A feasibility study was conducted in which information was
gathered on 75 facilities in the United States that had used ethylene
oxide for sterilization.?* Fourteen plants in 12 states were selected
because they had adequate records on personnel and exposure and
because their workers had at least 400 person-years at risk before
1978. Using their knowledge of the industrial process or actual
sampling data, industrial hygienists from NIOSH and plant person-
nel worked together to determine in which areas of the plant
workers were exposed to ethylene oxide. Since ethylene oxide in the
air circulates freely, workers in any area sharing the same air with
either the sterilizers or the recently sterilized product were likely
to have had some exposure. Workers judged never to have been
exposed to ethylene oxide were excluded from the study cohort.
Similarly, salaried personnel were generally excluded from the
cohort because they often worked in nonexposed areas or because
their work-history records had insufficient detail to indicate where
they had worked. Only workers with at least three months of
exposure to ethylene oxide were included in the study. Separate
analyses were conducted for workers first exposed before 1978, when
many companies began to install engineering controls to lower
workers’ level of exposure (for example, increased ventilation and
better door seals), after the initial reports of the carcinogenicity of
ethylene oxide.

To validate our identification of the cohort from personnel rec-
ords, alternative lists of employees were used. At two plants we used
social security quarterly earnings reports, and at six other plants we
used payroll lists. No information suitable for validation purposes
was available at the remaining six plants.

The end of follow-up was defined as the date when each member
of the cohort was last known to be alive, and it therefore varied
among the workers. Vital-status follow-up was conducted through
1987 with use of a combination of data from the Social Security
Administration, the National Death Index, the Internal Revenue
Service, and the U.S. Postal Service. If a worker was known to have
been alive after January 1, 1979 (when the records of the National
Death Index begin), and was not found in a search of the index, he
or she was assumed to have been alive at the end of follow-up
(December 31, 1987). The National Death Index has been demon-
strated to list 93 to 98 percent of all known deaths if reliable data
(name, social security number, and birth date) are available for
matching.?

Standard life-table analyses were conducted with use of the
NIOSH life-table program.?® The NIOSH life table groups deaths
into 92 categories, according to the code in the International Classifica-
tion of Diseases (revision at time of death) for the underlying cause of
death. We calculated the number of person-years at risk for each
worker beginning after three months of exposure and ending at the
end of follow-up for each worker.

The U.S. population was used as the reference group. Death rates
in the exposed cohort and the United States were stratified accord-
ing to age, race, sex, and calendar year. Analyses were conducted
for the total cohort and also according to the length of time since the
first exposure, the duration of exposure, race, and sex. Cutoff points
for the categories of duration of exposure were chosen before the
analyses began, with the goal of creating three categories expected
to include approximately equal numbers of deaths. For the length
of time since the first exposure, cutoff points of 10 and 20 years were
chosen on the basis of traditional epidemiologic practice. Tests for
trends in SMRs were conducted as described by Breslow et al.?’
Confidence intervals for each SMR were computed by the method
of Byar® when there were seven or more observed deaths; other-
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wise, exact tests were used. For simplicity’s sake, we used two-sided
significance tests (alpha = 0.05) and 95 percent confidence inter-
vals for all outcomes, a conservative procedure for the outcomes
suspected a priori. In other analyses (data not shown), exposure
was also “lagged” by five years to discount exposure during the
previous five years.?

Data from each plant included each worker’s job title and depart-
ment. In order to group workers at different plants into common
exposure categories, we combined workers with these job titles and
departments into six job categories: laboratory (quality-control)
workers, workers in the sterilizer area who were not sterilizer opera-
tors, warehouse workers, production workers, sterilizer operators,
and maintenance workers. Production workers could be expected to
have been exposed to a more or less constant background level of
ethylene oxide, whereas most other workers could be expected to
have been exposed to the same background level and also to occa-
sional peak levels. Separate analyses were conducted for these expo-
sure categories. In these analyses, the number of person-years at
risk began after the workers had had three months of exposure to
ethylene oxide in any job category plus at least one day in the
specific category of interest. Therefore, a single worker could be
included in more than one of these analyses, if he or she had worked
in more than one job category.

Air-sampling data (from personal samples and eight-hour time-
weighted averages of samples collected with charcoal tubes) were
available from most companies in the study after 1977, when com-
panies first became aware of the potential carcinogenicity of ethyl-
ene oxide (13 of 14 plants in the study had sampling data). These
data were used to quantify exposures in recent years.

REsuLTs

The characteristics of the study population and the
plants are shown in Tables 1 and 2.

Comparison of the cohort identified through per-
sonnel files with alternative lists (payroll records
or social security quarterly earnings reports) at

Table 1. Characteristics of the Study

Population.

No. of workers 18,254

Job category — no. (%)*
Sterilizer operator 1,222 (7)
In sterilizer area, not operator 2,301 (13)
Maintenance 1,937 (11)
Production 14,965 (82)
Laboratory 484 (3)
Warehouse 1,937 (11)

Employed before 1/1/78 15,750 (86)

No. of person-years at risk
Total 286,787

With >7 years of exposure and 12,734
>20 years of potential latency
With >7 years of exposure and 46,350
>10 years of potential latency
Sex (% of cohort)
Male 45
Female 55
Race (% of cohort)
White 79
Black 16
Other 5
Vital status as of 12/31/87 — no. (%)
Alive 16,242 (89.1)
Dead
Death certificate received 1,137 (6.2)
Death certificate not received 40 (0.2)
Untraceable, vital status unknown 820 (4.5)
Average year of first exposure - 1970
Average length of exposure (yr) 4.9
Average length of follow-up (yr) 16.1

*Workers are included in all categories in which they ever
worked.
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eight plants revealed that from
90 to 99 percent of the workers
listed on the alternative lists were
included in our cohort. At the
plant with the least congruence
(90 percent), the alternative list
lacked social security numbers, and
many mismatches probably result-
ed from discrepancies in the spell-
ing of last names. At other plants,
mismatches may have occurred be-
cause of incorrect recording of so-
cial security numbers, which were
used to match workers in the two
lists. In general, we found only
a small number of workers miss-
ing from the personnel records
from which we built our cohort. Al-
though this type of evaluation was
possible at only 8 of the 14 plants,
personnel records appeared to have
been maintained in a similar fash-
ion at the remaining 6 plants, and
there had been no known destruc-
tion of personnel records at these
6 plants.

The average level of exposure to
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Table 3. Mortality According to Cause of Death for All Plants Combined.*

Cause OF DEATH DEATHS SMR 95% Cl SMR 1978
OBSERVED EXPECTED

All causes 1177 1454.3 0.81  0.76-0.86 0.81
All cancers 343 380.3 0.90 0.81-1.00 0.89
All hematopoietic cancers 36 33.8 1.06 0.75-1.47 1.06
Lymphosarcoma—reticulosarcoma 8 53 1.52  0.65-3.00 1.55
Hodgkin’s disease 4 35 1.14  0.31-2.92 1.18
Leukemia—aleukemia 13 13.5 097  0.52-1.67 1.0t
Others 11 1.7 0.93  0.47-1.68 0.88
Non-Hodgkin’s tymphoma 8 6.7 120  0.57-2.37 1.25
Myeloma 3 5.1 059 0.12-1.73 0.40
Brain—nervous system cancer 6 11.6 052  0.19-1.13 0.53
All digestive cancers 80 85.6 093 0.74-1.16 0.93
Stomach 11 11.6 0.95 0.45-1.70 0.97
Esophagus 8 7.7 1.04  0.44-2.06 1.07
Pancreas 16 16.9 095 0.54-1.53 0.96
Respiratory system cancer 96 101.7 094 0.76-1.15 0.92
Breast cancer 42 49.6 0.85 0.61-1.14 0.82
Urinary-organ cancer 17 12.4 1.37  0.80-2.19 1.39
Kidney 13 7.2 1.80  0.96-3.08 1.84
Bladder 4 5.2 0.77  0.21-1.96 0.77
Heart disease 358 430.0 0.83  0.75-0.92 0.84
Nonmalignant respiratory disease 61 76.4 080 0.61-1.03 0.81
Nonmalignant digestive disease 48 79.4 0.60 0.44-0.80 0.60
Nonmalignant genitourinary disease 12 18.8 0.64 0.33-1.12 0.65

*SMR denotes standardized mortality ratio, CI confidence interval, and SMR 1978 the SMR for workers first exposed to
ethylene oxide before January 1, 1978 (86 percent of the cohort).

tincludes the following di designated by the codes indicated in the Inter [ Classification of Diseases,
9th revision: lymph icul (200), Hodgkin's disease (201), leukemia (204—208), and other hematopoiet-

. LTHP
ic cancers (202, 203), divided in this table into non-Hodgkin's lymphoma (202) and myeloma (203).

ethylene oxide for sterilizer opera-

tors during the period from 1976

through 1985, calculated on the basis of 627 personal
eight-hour samples obtained at 13 of the 14 study
plants, was 4.3 ppm. The average level of exposure
for other exposed workers, based on 1888 personal
samples, was 2.0 ppm. These other exposed workers
worked primarily in production, but also in the
categories of maintenance, warehouse, and labora-

Table 2. Study Population According
to Plant.

FirsT YEAR OF

tory. Most of the samples were obtained in the
1980s, either during or just after the introduction of
engineering controls designed to lower workers’ level
of exposure.

Table 3 shows the numbers and causes of death for
all 14 plants combined, with increased detail for the
cancers. No category had a significantly increased
number of deaths, as compared with the general pop-
ulation. Mortality was lower for all causes, heart dis-
ease, and nonmalignant digestive diseases, probably
largely because of the healthy-worker effect.?* The

PLANT NO.OF  PERSON-YEARS  REGULAR ETHYLENE only type of cancer for which the increase in mortality
No.  WorkeRs AT Risk Oxioe Use* approached statistical significance was kidney cancer,
1 1,466 20,908 1966 for which there was no a priori hypothesis in this
2 2,03 26716 1968 study.
3 705 10,019 1958 Engineering controls and new work practices were
4 1,895 33314 1957 generally adopted by ethylene oxide users in 1978 and
500 LM 21597 1943 1979, when the first reports of carcinogenesis ap-
6 40 6.617 1959 peared. Table 3 shows the mortality from cancer
! 253 3221 1969 for those first exposed to ethylene oxide before 1978
8 760 10,758 1964 .
o 1281 19637 1960 (86 percent of the cohort). The results for this sub-
0 1385 19.754 1063 group were virtually identical to those for the entire
1 1,218 18,849 1966 cohort, and no further analyses of this subgroup are
12 1536 27,057 1938t presented here.
13 1,835 29,865 1963 Table 4 shows the mortality according to the dura-
14 233 38475 1962 tion of exposure and for selected cancers as well as for
Total 18,254 286,787 — all cancers. There were no significant trends in mortal-

*At four plants there was some limited use of ethylene oxide,
either intermittently or on an experimental basis, before the be-
ginning of ethylene oxide use in full-scale production.

fPerson-years at plant 12 were calculated beginning in 1967
because personnel records were unavailable for employees who
left the plant before that year.

ity with increased duration of exposure. In analyses in
which exposure lagged by five years, this pattern did
not change (data not shown). As Table 5 shows, we
found trends toward increased SMRs with increasing
lengths of time since the first exposure to ethylene
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Table 4. Standardized Mortality Ratios (SMRs) and Numbers of
Observed Deaths for Selected Cancers, According to Duration of
Exposure to Ethylene Oxide.

TyPE OR SITE OF CANCER DURATION OF EXPOSURE

<1 YR* 1-7 YR >7 YR

SMR (no. of deaths)

All cancers 0.88 (65) 0.97 (152) 0.83 (126)t
All hematopoietic 0.69 (5) 1.25 (18) 1.07 (13)
Leukemia—aleukemia 0.98 (3) 0.87 (5) 1.09 (5)
Hodgkin’s disease 0.00 (0) 2.40 (4) 0.00 (0)
Lymphosarcoma-reticulosarcoma 1.81 (2) 1.29 (3) 1.63 (3)
Other 0.00 (0) 1.28 (6) 1.03 (5)
Non-Hodgkin’s lymphoma 0.00 (0) 1.50 (4) 1.52 (4)
Myeloma 0.00 (0) 1.00 (2) 0.45 (1)
Kidney 2233 1.71 (5) 1.68 (5)
Brain 0.00 () 0.59 3) 0.76 (3)
Stomach 0.00 (0) 1.47 (7) 0.82 4)
Pancreas 1.38 (4) 1.18 (8) 0.55 (4)

*Only subjects with at least three months of exposure are included.
tSignificantly different from 1.00 at the P = 0.05 level.

oxide (potential latency) for all cancers (P = 0.04)
and for hematopoietic cancers (P = 0.03). The SMR
for hematopoietic cancer among those with more than
20 years of latency approached statistical significance
(SMR, 1.76; 95 percent confidence interval, 0.94 to
3.01). The excess mortality from kidney cancer among
the workers with the longest latency period was signifi-
cant (SMR, 3.27; six deaths). When we restricted the
analysis to the workers in the categories with the long-
est duration of exposure and the longest time since
the first exposure (those with more than 7 years of
exposure and more than 20 years since the first expo-
sure), the SMR was 1.88 (95 percent confidence inter-
val, 0.86 to 3.56; nine deaths) for all hematopoietic
cancers.

Table 6 shows the SMRs for the cancers of interest
in our a priori hypothesis, as well as for kidney cancer
and all cancers combined, among workers who were
ever employed in particular job categories. Sterilizer
operators, who were likely to have had the highest
exposure, had some increase in deaths from all hema-
topoietic cancers (especially leukemia and lymphosar-
coma-reticulosarcoma), but these results are based on
small numbers of deaths and are not statistically sig-
nificant.

Plant-specific analyses were also performed for all
14 plants, but the results are not presented here. The
numbers of observed deaths for each plant were small.
For the principal cancers of interest (hematopoietic
cancers and cancers of the brain, stomach, and pan-
creas) only one SMR (for “other hematopoietic can-
cers”) at one plant (three deaths) was significantly
increased.

Sex-specific analyses showed that men had an ele-
vated rate of death from all hematopoietic cancers,
as compared with the general population, whereas
women had a lower rate (Table 7). For all hematopoi-
etic cancers combined, mortality among men was
significantly elevated (SMR, 1.55; 95 percent confi-
dence interval, 1.02 to 2.27) and was concentrated in
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the categories of lymphosarcoma-reticulosarcoma
and non-Hodgkin’s lymphoma. There were no signifi-
cant positive trends in mortality with duration of
exposure among men, but there were significant up-
ward trends with increasing lengths of time since
the first exposure among men both for all hematopoi-
etic cancers and for leukemia. Among the men with
the longest time since the first exposure (>20 years)
and the longest duration of exposure (>7 vyears),
the SMR for all hematopoietic cancers was 2.63 (95
percent confidence interval, 1.05 to 5.42). Five of
the seven men who died of leukemia died in the most
recent calendar period (1985 through 1987), generat-
ing a statistically significant excess mortality for those
years (SMR, 3.45; 95 percent confidence interval, 1.11
to 8.06).

Further analyses according to race (data not
shown) indicated that although mortality from hema-
topoietic cancer was increased in men of both racial
groups, such cancers were more common among non-
whites (SMR, 2.54; 95 percent confidence interval,
1.02 to 5.25; 7 deaths) than among whites (SMR,
1.37; 95 percent confidence interval, 0.84 to 2.12; 20
deaths). Among white and nonwhite men, the greatest
excesses in mortality from hematopoietic cancer were
for non-Hodgkin’s lymphomas. Among women, both
whites and nonwhites had similar decreases in mortal-
ity from all hematopoietic cancers as compared with
the general population (SMR, 0.53 for whites and 0.65
for nonwhites).

DiscussioN

Ethylene oxide is a potent mutagen and animal car-
cinogen. The data on the relation of ethylene oxide
exposure to human cancer have been contradictory.
Hogstedt et al. found a ninefold excess of leukemia
and a fivefold excess of stomach cancer among work-
ers in Sweden exposed to ethylene oxide.”” Some of
these workers, however, were also exposed to other

Table 5. Standardized Mortality Ratios (SMRs) and Numbers of
Observed Deaths for Selected Cancers, According to Length of
Time Since the First Exposure to Ethylene Oxide
(Potential Latency).

TYPE OR SITE OF CANCER POTENTIAL LATENCY

<10 YR* 10-20 YR >20 YR
SMR (no. of deaths)

All cancers* 0.77 (90)t  0.91 (157)  1.03 (96)
All hematopoietic* 0.71 (9 0.98 (14) 1.76 (13)
Leukemia—aleukemia 0.40 (2) 1.07 (6) 1.79 (5)

Hodgkin’s disease 0.49 (1) 1.74 (2) 2.97 (1)
Lymphosarcoma—reticulosarcoma 1.31 (3) 1.91 4) 1.10 (1)
Other 1.06 (3) 0.36 (2) 1.77 (6)
Non-Hodgkin’s lymphoma 1.30 (2) 0.31 (1) 1.92 (5)
Myeloma 0.80 (1) 0.42 (1) 0.68 (1)
Kidney 0.95 (2) 1.52 (5) 3.27 (6)t
Brain 0.44 (2) "0.19 (1) 1.39 3)
Stomach 0.80 (3) 0.99 (5) 1.06 (3)
Pancreas 1.31 (6) 0.77 (6) 0.86 (4)

*The test for trend for SMRs was significant for all cancers (P = 0.04) and for hematopoietic
cancers (P = 0.03).

*Significantly different from 1.00 at the P = 0.05 level.

The New England Journal of Medicine
Downloaded from nejm.org at Stephen B. Thacker CDC Library on January 28, 2015. For personal use only. No other uses without permission.
Copyright © 1991 Massachusetts Medical Society. All rights reserved.



1406 THE NEW ENGLAND JOURNAL OF MEDICINE

Table 6. Standardized Mortality Ratios (SMRs) and Numbers of Observed Deaths for
Selected Cancers, According to Job Category.

May 16, 1991

also found a significant excess of
hematopoietic cancers among men

TyPE OR SITE OF CANCER JoB CATEGORY*

(SMR, 1.55), concentrated in the
subcategories of lymphosarcoma—

STERILIZER IN STERILIZER
OPERATOR AREA MAINTENANCE WAREHOUSE PRODUCTION reticulosarcoma (SMR, 260) and
SMR (o. of deaths) non-Hodgkin’s lymphoma (SMR,
2.16) (these diseases might be
All cancers 1.08 (22) 0.87 (44) 0.99 (49) 0.93(34)  0.86 (265) combined into a broader category
All hematopoietic 1.80 (4) 0.94 (4) 1.31 (6) 0.89 (3) 0.96 (26) £ Hodekin’s 1 h

Leukemia 278 2) 1.22 2) 1.12 2) 1.49 (2) 0.83 (9) of non-Hodgkin’s lymphomas).

Hodgkin’s disease 0.00 (0) 0.00 (0) 0.00 (0) 0.00 (0) 1.42 (4) Women, in contrast, had a lower

Lymphosarcoma— 6.68 (2) 1.37(1) 1.39 (1) 0.00 (0) 1.32 (6) rate of mortality from hematopoiet-

reticulosarcoma :

Other 0.00 (0) 0.68 (1) 1.85 3) 091 ()  0.78(D ic cancers than the general U.S.
Kidney 2.77 (1) 3.62 (3) 2.44 (3) 1.32 (1) 1.81 (10) population. Such differences be-
Brain 1.64 (1) 0.00 (0) 0.63 (1) 0.90 (1) 0.54 (5) tween the sexes were not observed
Stomach 0.00 (0) 147 2) 0.54 (1) 0.77 (1) 0.96 (9) for other types of cancer. There is
Pancreas 0.00 (0) 221 () 0.00 (0) 0.59 (1) 1.10 (15) little evidence in the literature of

*Workers contributed person-years at risk to a category if they had ever worked in it. They could have worked in more than
one category and hence have contributed both person-years and observed deaths to more than one category The calculanon of
Results for

a sex-specific carcinogenic effect of
ethylene oxide in either animals or

person-years at risk for any worker began when he or she entered the category in q

Y
not presented here because there were very few deaths in this group; laboratory workers made up only 3 percent of the smdy

population.
TSignificantly different from 1.00 at the P = 0.05 level.

carcinogens. Other studies in humans, although limit-
ed by small numbers and by uncertainties about expo-
sure, have not shown an increased risk.

This is the largest cohort of workers exposed to eth-
ylene oxide studied to date. The study population had
documented exposure to ethylene oxide and no evi-
dence of confounding exposure to other occupational
carcinogens. Exposure levels have been relatively low
since the late 1970s (averaging 1 to 2 ppm for produc-
tion workers and 5 ppm for sterilizer operators). Expo-
sure levels are likely to have been higher, however,
before the installation of engineering controls, when
the OSHA standard was 50 ppm instead of the pres-
ent 1 ppm.

We did not find the same excess mortality from leu-
kemia or stomach cancer that was found in the Swed-
ish studies. However, we did find an excess of hemato-
poietic cancers that approached statistical significance
among workers in the longest latency category. We

Table 7. Standardized Mortality Ratios (SMRs) and
Numbers of Observed Deaths for Selected Can-
cers, According to Sex.

TYPE OR SITE OF CANCER MeN WOMEN
SMR (no. of deaths)

All cancers
All hematopoietic

0.99 (175) 0.82 (168)
1.55 27)* 0.54 (9)

Leukemia—aleukemia 1.16 (8) 0.77 (5)
Hodgkin’s disease 1.98 (4) 0.00 (0)
Lymphosarcoma-reticulosarcoma  2.60 (7)*  0.38 (1)
Other 1.38(8) 0.50 (3)
Non-Hodgkin’s lymphoma 2.16 (7) 0.29 (1)
Myeloma 0.40 (1) 0.78 (2)
Kidney 2.11 (9) 1.34 4)
Brain 0.86 (5) 0.17 (1)*
Stomach 0.56 (4) 1.54 (7)
Pancreas 0.69 (6) 1.21 (10)

*Significantly different from 1.00 at the P = 0.05 level.

humans. It is possible that the
men were more heavily exposed; we
found some evidence, based on
small numbers, that workers in
more highly exposed job categories (such as sterilizer
operators) had a higher risk. Men have historically
predominated in jobs with higher levels of exposure,
whereas women have most often been employed in
general production. The average calendar year of first
exposure was similar for men and women, indicating
similar potential latency. Although the men are likely
to have smoked more than women, hematopoietic can-
cers in general are not strongly related to smoking,
and confounding by smoking is unlikely to explain the
differences in the risk of hematopoietic cancer be-
tween men and women.*’ The SMRs for lung cancer
among men and women (0.93 and 0.89) indicate that
smoking habits in both groups differed little from
those in the general U.S. population.

The large size of our study cohort meant that we
could exclude high risks with a reasonable degree
of confidence. For example, for the entire cohort
the SMR for leukemia was 0.97 with an upper 95 per-
cent confidence bound of 1.67. When subgroups
with presumably higher exposure levels were exam-
ined, however, the upper bounds were considerably
higher. For example, for the combined category of
sterilizer operators and others who worked in the ster-
ilizer area, the SMR was 1.46 with an upper confi-
dence bound of 4.28.

It is possible that we have studied a cohort with an
insufficient length of exposure or potential latency
period for disease to appear. When we restricted our
analysis to those with the longest duration of ex-
posure and the longest time since the first exposure,
we found an excess of all hematopoietic cancers
that was not statistically significant (SMR, 1.68;
95 percent confidence interval, 0.73 to 3.32; eight
deaths). Among men, however, the increase in the
SMR was statistically significant (SMR, 2.63; 95 per-
cent confidence interval, 1.05 to 5.42; seven deaths).
On the basis of data on radiation-induced leukemia,
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excess leukemia caused by ethylene oxide might be
expected to be evident within 10 years of the ini-
tial exposure,® although chemical-induced leukemia
could have a longer latency period. Our cohort aver-
aged 16 years of potential latency, and 86 percent of
the cohort had at least 9 years. On the other hand,
only 8 percent of the cohort had at least 20 years of
potential latency.

Although our study is the largest to date of workers
exposed to ethylene oxide, the results for the relatively
rare cancers of a priori interest are still limited by
the small numbers of cases and perhaps limited by
the short follow-up. Our findings are therefore not
conclusive.

This project was conducted collaboratively by NIOSH and the
National Cancer Institute. We are indebted to the NIOSH clerical
staff, who did a magnificent job of microfilming personnel records at
the 14 study plants, for data collection; to Drs. Howard Rockette,
Brian MacMahon, Thomas Smith, and Henry Anderson, who kind-
ly served on a peer-review panel that reviewed this study from
design to completion; and to the companies involved in the study
and the Health Industry Manufacturers’ Association for their valu-
able cooperation.

REFERENCES

I. National Institute for Occupational Safety and Health. National Occupation-
al Exposure Survey: sampling methodology. Cincinnati: Department of
Health and Human Services, 1990. (DHHS publication no. (NIOSH) 89-
102.)

2. Lynch DW, Lewis TR, Moorman WJ, et al. Chronic inhalation study of
ethylene oxide and propylene oxide in F344 rats. Toxicol Appl Pharmacol
1984; 76:69-84.

3. Snellings W, Weil C, Maronpot R. A two-year inhalation study of the
carcinogenic potential of ethylene oxide in Fischer 344 rats. Toxicol Appl
Pharmacol 1984; 75:105-17.

4. National Toxicology Program. Toxicology and carcinogenesis studies of
ethylene oxide, NTP TR 326. Washington, D.C.: Government Printing
Office, 1987. (NIH publication no. 88-2582.)

5. Stolley P, Soper K, Galloway S, Nichols WW, Norman SA, Wolman SR.
Sister-chromatid exchanges in association with occupational exposure to
ethylene oxide. Mutat Res 1984; 129:89-102.

6. Sarto F, Comminator I, Pinton AM, et al. Cytogenetic damage in workers
exposed to ethylene oxide. Mutat Res 1984; 138:185-95.

7. Laurent C, Frederic J, Leonard AY. Sister chromatid exchange frequency in
workers exposed to high levels of ethylene oxide, in a hospital sterilization
service. Int Arch Occup Environ Health 1984; 54:33-43.

8. Garry V, Hozier J, Jacobs D, Wade RL, Gray DG. Ethylene oxide:
evidence of human chromosomal effects. Environ Mutagen 1979; 1:375-
82.

9. Yager H, Hines C, Spear R. Exposure to ethylene oxide at work increases
sister chromatid exchanges in peripheral lymphocytes. Science 1983:
219:1221-3.

MORTALITY IN WORKERS EXPOSED TO ETHYLENE OXIDE — STEENLAND ET AL.

10.
11.

12.

13.

17.

18.
19.
20.

21.

22.
23.
24.
25.

26.

27.
28.

29.
30.

31.

32.

1407

Richmond GW, Abrahams RH, Nemenzo JH, Hine CH. An evaluation of
possible effects on health following exposure to ethylene oxide. Arch Envi-
ron Health 1985; 40:20-5.

Galloway S, Barry P, Nicols W, et al. Chromosome aberrations in individ-
uals occupationally exposed to ethylene oxide, and in a large control popula-
tion. Mutat Res 1986; 170:55-74.

Hogstedt C, Malmqvist N, Wadman B. Leukemia in workers exposed to
ethylene oxide. JAMA 1979; 241:1132-3.

Hogstedt C, Rohlen O, Berndtsson B, Axelson O, Ehrenberg L. A cohort
study of mortality and cancer incidence in ethylene oxide production work-
ers. Br J Ind Med 1979; 36:276-80.

Hogstedt C, Aringer L, Gustavsson A. Epidemiologic support for ethylene
oxide as a cancer-causing agent. JAMA 1986; 255:1575-8.

Hogstedt C. Epidemiologic studies on ethylene oxide and cancer: an update.
In: Bartsch H, Hemminiki K, O’Neill I, eds. Methods for detecting DNA
damaging agents in humans: applications in cancer epidemiology and pre-
vention. IARC scientific publications no. 89. New York: Oxford University
Press, 1988:265-70.

Morgan R, Claxton K, Divine B, Kaplan SD, Harris VB. Mortality among
ethylene oxide workers. J Occup Med 1981; 23:767-70.

Thiess A, Frentzel-Beyme R, Link R, et al. Mortality study on employees
exposed to alkylene oxides (ethylene oxide/propylene oxide) and their de-
rivatives. In: Prevention of occupational cancer. Occupational safety and
health series no. 46. Geneva: International Labour Office, 1982:249-59.
Gardner MJ, Coggon D, Pannett B, Harris EC. Workers exposed to ethylene
oxide: a follow-up study. Br J Ind Med 1989; 46:860-5.

Kiesselbach N, Ulm K, Lange H-J, Korallus U. A multicentre mortality
study of workers exposed to ethylene oxide. Br J Ind Med 1990; 47:182-8.
Greenberg HL, Otto MG, Shore RE. Men assigned to ethylene oxide pro-
duction or other ethylene oxide-related chemical manufacturing: a mortality
study. Br J Ind Med 1990; 47:221-30.

National Toxicology Program. Toxicology and carcinogenesis studies of
ethylene chlorohydrin (case no. 107007-3). Research Triangle Park, N.C.:
Department of Health and Human Services, 1985. (NIH technical report
series 275.)

Ethylene oxide. 29 CFR 1910.1047, 1988.

International Agency for Research on Cancer. Overall evaluations of carci-
nogenicity: an updating of IARC monographs 1-42. Suppl 7. Lyons, France:
International Agency for Research on Cancer, 1985.

Steenland K, Stayner L, Greife A. Assessing the feasibility of retrospective
cohort studies. Am J Ind Med 1987; 12:419-30.

Patterson B, Bilgrad R. Use of the National Death Index in cancer studies.
J Natl Cancer Inst 1986; 77:877-81.

Steenland K, Beaumont J, Spacth S, et al. New developments in the Life
Tables Analysis System of the National Institute for Occupational Safety
and Health. J Occup Med 1990; 32:1091-8.

Breslow N, Lubin J, Marek P, et al. Multiplicative models and cohort
analyses. J Am Stat Assoc 1983; 78:1-12.

Rothman K, Boice J. Epidemiologic analysis with a programmable calcula-
tor. Washington, D.C.: Government Printing Office, 1979. (NIH publica-
tion no. 79-1649.)

Checkoway H, Pearce N, Hickey J, Dement JM. Latency analysis in occu-
pational epidemiology. Arch Environ Health 1990; 45:95-100.

Fox A, Collier PF. Low mortality rates in industrial cohort studies due to
selection for work and survival in the industry. Br J Prev Soc Med 1976;
30:225-30.

Axelson O, Steenland K. Indirect methods of assessing the effects of tobac-
co use in occupational studies. Am J Ind Med 1988; 13:105-18.

Kohn HI, Fry RIM. Radiation carcinogenesis. N Engl ] Med 1984; 310:504-
1.

The New England Journal of Medicine
Downloaded from nejm.org at Stephen B. Thacker CDC Library on January 28, 2015. For personal use only. No other uses without permission.
Copyright © 1991 Massachusetts Medical Society. All rights reserved.



