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M4ortalicy due to pancreatic and lymphopoietic
cancers in chlorohydrin production workers

L 0 Benson, M J Teta

Abstract
Men assigned to the chlorohydrin unit of
Union Carbide's South Charleston plant in the
Kanawha Valley of West Virginia were
followed up for mortality from 1940 to the end
of 1988. This 10 year update was conducted to
verify previous findings of excesses of cancer
among the 278 men assigned to the chloro-
hydrin unit, which primarily produced ethyl-
ene chlorohydrin from 1925 to 1957. This
process produced ethylene dichloride and bis-
chloroethyl ether as byproducts. Mean dura-
tion of assignment was 5'9 years and mean
duration of follow up was 36 5 years.
Standardised mortality ratios (SMRs) were
calculated based on comparisons with the
United States white male population.
Duration-response trends were assessed by
internal comparisons with two different
groups of unexposed chemical workers in the
Kanawha Valley. The evidence that the earlier
finding of an excess of pancreatic cancer was
work related is strengthened by the occur-
rence of two additional cases (0.9 expected).
The SMR for pancreatic cancer was 492 (95%
CI 158-1140), based on eight observed v 1-6
expected deaths. There were no additional
deaths due to leukaemia, but the three to four-
fold excess risk for lymphopoietic cancers per-
sisted due to new cases of non-Hodgkin's
lymphoma and a death from multiple mye-
loma. The SMR for lymphatic and haemato-
poietic cancers was 294 (eight observed v 2-7
expected; 95% CI 127-580). Pronounced
increases in risk were seen for total cancer,
pancreatic cancer, all lymphatic and
haematopoietic cancers, and leukaemia with
increasing durations of assignment to the
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chlorohydrin unit. Most of the cases were first
assigned to the unit in the 1930s when
chemical manufacturing was in its infancy and
exposures were less controlled. These data are
insufficient to identify conclusively the
causative agent or agents. The weight of evi-
dence, however, based on probable exposure,
known toxicity of the chemicals, and animal
responses suggest that high exposures to
ethylene dichloride, perhaps in combination
with other chlorinated hydrocarbons, is the
most likely explanation.

(British J7ournal ofIndustrial Medicine 1993;50:710-716)

In 1990, Greenberg et al reported an excess of
deaths due to pancreatic cancer and leukaemia in
men assigned two years or more to the chloro-
hydrin unit of Union Carbide's South Charleston
plant in the Kanawha Valley West Virginia.' There
were six deaths due to pancreatic cancer (0 7
expected) and three deaths due to leukaemia (0 4
expected) over a period extending from 1940 to the
end of 1978. There was a fourth death due to
leukaemia in a man assigned for less than two years
to the chlorohydrin unit. Statistically significant
trends with duration of assignment to the chloro-
hydrin unit were found for both diseases. The
chlorohydrin unit workers were a subset of men
assigned to departments producing or using ethyl-
ene oxide. The ethylene oxide cohort was drawn
from over 29 000 Union Carbide employees in
three facilities in the Kanawha Valley, who were
included in a previous cohort study.2
The chlorohydrin unit primarily produced ethyl-

ene chlorohydrin from ethylene and chlorine and
produced ethylene dichloride (1,2-dichloroethane)
and bis-chloroethyl ether as byproducts. Ethylene
oxide was intermittently used in this unit to
produce these needed byproducts and for special
production of ethylene chlorohydrin by an alterna-
tive process. The chlorohydrin unit was therefore
classified in the study of Greenberg et al as a low
ethylene oxide exposure department. After the
exclusion of men with assignments to the chloro-
hydrin unit, there were no noticeable increases in
pancreatic cancer, or leukaemia, or trends with

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://oem

.bm
j.com

/
B

r J Ind M
ed: first published as 10.1136/oem

.50.8.710 on 1 A
ugust 1993. D

ow
nloaded from

 

http://oem.bmj.com/


Mortality due to pancreatic and lymphopoietic cancers in chlorohydrin production workers

deMater

Scheme of ethylene chlorohydrin production.

duration of exposure among the ethylene oxide
workers.
An update (1979-88) has been conducted of the

study subjects included in the study of Greenberg et
al.' The 278 men who were ever assigned to the
chlorohydrin unit have been analysed separately to
preclude confounding the findings related to associ-
ations with ethylene oxide. The results to the end
of 1988 for the 1896 ethylene oxide workers who
were never assigned to the chlorohydrin unit are
reported by Teta et al.3 This report presents the
results for the chlorohydrin unit workers with an
additional 10 years of data, to verify the previous
findings and to clarify the nature of specific expo-
sures in that unit, that may explain the increased
risks of cancer seen in the population.

The chlorohydrin unit
The chlorohydrin unit, which operated from 1925
to 1967, was one of the first chemical production
units constructed at the South Charleston plant. It
produced ethylene chlorohydrin, from 1925 to
1957, by reacting ethylene with hypochlorous acid.
The main byproducts formed in this reaction were
ethylene dichloride and bis-chloroethyl ether. The
ethylene chlorohydrin was pumped over to another
unit where it was used in the synthesis of ethylene
oxide (figure).
The chlorohydrin unit produced ethylene chloro-

hydrin exclusively from 1925 to 1931. For the next
10 years, three of the seven reaction towers were
used for "special production" of propylene chloro-

hydrin. Bis-chloroethyl ether, ethylene dichloride,
and concentrated ethylene chlorohydrin were then
produced infrequently, from ethylene oxide. After
production of ethylene chlorohydrin ceased in
1957, the equipment was used for the production
of propylene chlorohydrin, dichloropropanol, and
epichlorohydrin until December 1967 when the
unit was shut down.4

Methods
The study cohort consisted of 278 male workers
who had ever been assigned to the chlorohydrin
unit at Union Carbide's South Charleston plant
between 1 January 1940 and 31 December 1967.
Updated vital status (1979-88) for the chloro-
hydrin unit workers was obtained from company
records and matches with the United States
National Death Index. Work history data were not
updated beyond 1978. This did not affect calcula-
tions of duration of assignment for the chlorohydrin
unit as it closed in 1967.

Standardised mortality ratio (SMR) analyses
were conducted with general United States popula-
tion mortality for white males through 1988 to
calculate expected deaths.5 Person-years were
accrued from date of first assignment to the chloro-
hydrin unit or 1 January 1940 if the first assignment
was before 1940. Person-years were accumulated
into five year age groups beginning at age 15 and
five year calendar specific intervals starting in 1940.
Internal comparisons were also conducted with two
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Table 1 Vital status at 31 December 1988 of the
chlorohydrin unit cohort (n = 278) by decade offirst
chlorohydrin unit assignment and duration of chlorohydrin
unit employment

Vital status
Duration of
employment in Total Alive Dead Unknown
chlorohydrin unit (n = 126) (n = 147) (n =5)

First assignment before 1940:
<2 years 30 10 20 -

2-9 years 47 14 32 1
10-19 years 19 3 16 -

20 years 16 3 13 -

Total 112 30 81 1
First assignment 1940-9:

<2 years 35 14 20 1
2-9 years 36 17 19 -

10-19 years 19 9 10
> 20 years 4 1 3 -

Total 94 41 52 1
First assignment 1950-9:
<2 years 17 12 3 2
2-9 years 10 8 2 -

Total 27 20 5 2
First assignment 1960-9:

<2years 32 27 4 1
2-9 years 13 8 5 -

Total 45 35 9 1

comparison groups: (1) 26 965 workers in the
Kanawha Valley plants, who never worked in the
chlorohydrin unit or in any other unit producing or

using ethylene oxide before 1978 (Kanawha Valley
group); (2) 1986 workers in Kanawha Valley plants
who worked with ethylene oxide, but never worked
in the South Charleston chlorohydrin unit (ethyl-

ene oxide group). As described previously, linear
trends in relative risk (RR) for total malignancies,
pancreatic cancer, all lymphatic and haemato-
poietic cancers, and leukaemia were evaluated over
levels of duration of assignment to the chlorohydrin
unit, stratified by age, calendar year, and interval
since first assignment to the chlorohydrin unit.

Results
Of the 278 workers in the study cohort, 53% were
deceased at the close of the study. Vital status was

complete for 98% of the study group and death cer-
tificates were obtained for 99% of the 147 who had
died (table 1). Mean duration in the chlorohydrin
unit was 5.9 years and mean duration of follow up
was 36-5 years. Forty per cent of the cohort was

first assigned to the chlorohydrin unit before 1940.
Of these 112 persons, 81 were deceased at the close
of the study, accounting for 55% of the deaths in
the total cohort.

Table 2 shows the observed and expected deaths
from selected causes. The SMR for total malignant
neoplasms was 130 (95% CI 93-177). There was a

statistically non-significant excess of deaths due to
gastrointestinal cancers, based on 12 observed and
8-4 expected deaths (SMR = 143, 95% CI
74-250). This finding was explained by a signifi-
cant excess of deaths due to pancreatic cancer
observed (eight v 1 6 expected; SMR = 492, 95%
CI 158-1140). A statistically significant excess of

Table 2 Observed and expected deaths (1940-88) by selected causes for men assigned to departments producing or using
chlorohydrin unit usinglproducing departments (n=278)

Observedlexpected
Cause of death deaths t SMR t (95% CI)

All causes 147/140-78 104 (88-123)
Malignant neoplasms, total 40/30 77 130 (93-177)

Digestive organs and peritoneum 12/8-40 143 (74-250)
Oesophagus 0/0-73 - (0-505)
Stomach 1/1-42 - (2-392)
Intestine except rectum 2/2 89 - (8-250)
Rectum 1/0 84 - (3-663)
Liver unspecified and primary 0/0 74 - (0-498)
Pancreas 8/1-63 492** (158-1140)

Respiratory system 15/11-06 136 (76-224)
Male genital organs 1/2 36 - (1-236)
Kidney 0/0-75 - (0-492)
Bladder and other urinary organs 0/0 89 - (0-415)
Skin 0/0-51 - (0-723)
Brain and other parts of nervous system 1/0 85 - (3-656)
Lymphatic and haematopoietic tissue 8/2 72 294* (127-580)

Lymphosarcoma and reticulosarcoma 1/0 50 - (5-1114)
Leukaemia and aleukaemia 4/1-14 - (96-894)
Hodgkin's disease 0/0 24 - (0-1537)
Other lymphatic and haematopoietic tissue 3/0-84 - (74-1044)

Benign neoplasms of the brain 0/0 07 - (0-5270)
Heart disease 58/58 52 99(75-128)
Cerebrovascular disease 7/8 37 84 (34-172)
Other 42/43 05 98 (70-132)
Unable to locate death certificates 1

*p<005; **p <0-01.
tExpected deaths based on white male death rates, 1940-88, in the United States.
tSMR not calculated when observed and expected numbers of deaths were both less than five.
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Table 3 Observed deaths, RR estimates, and 95% CIs for selected causes by cumulative duration in the chlorohydrin unit

Duration of assignments in chlorohydrin unit. (y)

None <2 2-9 10-20 >20 Test
Cause of death RRt RRtf(obs) RRt(obs) RRt(obs) RRt (obs) for
category (obs) (95% CI) (95% CI) (95% CI) (95% CI) trend (p Value)

Kanawha Valley groupt
Total 1(2048) 0 82(9) 1-35(16) 1-75(9) 2-51*(6) 0 009

malignancies (0-42-1-57) (0 82-2 22) (0-88-3-31) (1-11-5-64)
Pancreatic 1(94) 0 00(0) 5-56*(3) 11-21*(3) 17-80*(2) 0 000

cancer - (1 74-17 65) (3 52-35-75) (4-31-73-42)
Lymphatic and 1(204) 2-01(2) 2 97(3) 6 00*(3) 0(0) 0-002

haematopoietic (0 50-8-12) (0-94-9-34) (1-90-18 99)
Leukaemia 1(78) 2-71(1) 2-65(1) 10-09*(2) 0(0) 0 003

(0-38-19-56) (0-36-19-21) (2-45-41-53)
Ethylene oxide group5
Total 1(103) 0-85(9) 1-45 2 07(9) 2 42*(6) 0-013

malignancies (0-42-1-73) (0 85-2 50) (0-99-4 33) (1 01-5 84)
Pancreatic 1(4) 0(0) 10-48*(3) 34.73*(3) 38.26*(2) 0-000

cancer - (1-77-61-97) (3-95-305 56) (4 07-359 57)
Lymphatic and 1(5) 479(2) 5-46*(3) 20 02*(3) 0(0) 0-013

haematopoietic (68-33 82) (1-23-24-19) (2-34-171-02)
Leukaemia 1(4) 2-89(1) 2-35(1) 19-74*(2) 0(0) 0-144

(0-21-39-81) (0 23-23 76) (1-72-226-78)

*p<0 05.
tEstimates of RR with the non-exposed level as baseline adjusted for age, calendar period, and interval since assignments.
fNever worked in the ethylene oxide unit or in the chlorohydrin unit.
SWorked in the ethylene oxide unit but never in the chlorohydrin unit.

deaths was also seen due to lymphatic and
haematopoietic tissue cancers (eight observed v 2-7
expected; SMR = 294, 95% CI 127-580). The
contribution to this category arose from deaths due
to leukaemia, (four observed v 1 1 expected; 95%
CI 96-894) and other lymphatic and haemato-
poietic tissue cancers (three observed v 0-8 expec-
ted; 95% CI 74-1044). This last group included
one death due to multiple myeloma and two deaths
due to lymphoma.

When the cohort was limited to the 164 workers
who had worked two or more years in the chloro-
hydrin unit, the excess of all malignant neoplasms
was statistically significant (31 observed v 19-8
expected; 95% CI 106-223). There was also an
almost eightfold excess of pancreatic cancer (eight
observed v 1 0 expected; SMR = 762, 95% CI 245,
1769). The SMR for lymphatic and hematopoietic
tissue cancers was 347 (95% CI 127-755), based
on six observed v 1-7 expected deaths.

Table 4 Characteristics of those who diedfrom pancreatic cancer and lymphopoietic cancers among 278 men in the chlorohydrin
unit, 1940-88

Chlorohydrin unit
Year offirst Age atfirst Duration
exposure exposure (y) ofexposure (y) Latency (y) Age at death (y)

Pancreatic cancer
1 1929 26 19 43 68
2 1928 23 9 48 71
3 1933 26 11 34 60
4 1935 30 30 31 61
5 1942 29 2 33 62
6 1946 32 2 34 66
7 1938 32 30 45 77
8 1932 29 18 26 56
Leukaemia
1 1935 44 16 39 82
2 1937 29 11 34 63
3 1935 26 7 36 62
4 1932 33 1 18 52
Lymphosarcoma
1 1938 28 19 19 47
Lymphoma
1 1947 36 9 48 83
2 1935 25 0* 44 69
Multiple myeloma
1 1944 36 10 36 72

*Less than one year.
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Based on comparisons with the Kanawha Valley
group, pronounced increases in risk were found for
total cancer, pancreatic cancer, all lymphatic and
haematopoietic cancers, and leukaemia with
increasing durations of assignment to the chloro-
hydrin unit (table 3). The pancreatic cancer RRs
for the three greater than two year duration cate-
gories (mean 5-6, 11-2, 17-8 years) were each
statistically significant. There were no leukaemia
deaths among men assigned 20 years or more (0 1
expected) but a significant RR among those
assigned for 10 to 20 years (RR = 10-1; CI
2-5-41-5). The duration-response trends based on
comparisons with the ethylene oxide group were
similar to those seen based on comparisons with the
Kanawha Valley group.
Those who died from pancreatic cancer were all

hired before 1947, with six of the eight cases hired
in the 1920s and the 1930s (table 4). These cases
had a mean latency period of 36-8 years ranging
from 26 to 48 years. The four who died from
leukaemia were hired between 1932 and 1937 and
had a somewhat shorter time since first assignment
to the chlorohydrin unit (mean 31 8 years.).

Discussion
Although the chlorohydrin unit study group was
small and the diseases of interest rare, power was
enhanced by nearly 50 years of follow up, an extra-
ordinarily long period since first exposure, and the
high levels of exposure that characterised the start
up of these chemical manufacturing processes in
the early years of the industry. An additional 10
years of observation support the original report of
cancer excesses in this group. Two more deaths
due to pancreatic cancer occurred between 1979
and the end of 1988 (0-9 expected), resulting in an
almost fivefold excess of deaths due to this cause.
The persistance of an excess over a further 10 years
of observation strengthens the evidence for a work
related effect. There have not been any additional
deaths from leukaemia, but the three to fourfold
increased risk for lymphatic and haematopoietic
cancers has remained at the same level, due to new
cases of non-Hodgkin's lymphoma and a death due
to multiple myeloma (0-3 expected). The large
excesses and trends with duration of assignment to
this unit, after controlling for major potential con-
founders by comparisons with unexposed workers
in the same geographic region, provide strong
evidence that the adverse effects are related to
exposures in the chlorohydrin unit.

Other studies of men assigned to ethylene oxide
production by the chlorohydrin process may have
included men who also had assignments to chloro-
hydrin production units, but these men were not
analysed separately." In some cases it was impossi-

ble to do so because the two processes, chlorohy-
drin production and ethylene oxide production (by
the chlorohydrin process), were in a single unit.
Texaco manufactured ethylene oxide by the chloro-
hydrin process from 1948 to 1964 and later by
direct oxidation at one of their Texas locations. An
ethylene oxide study at this facility recently updated
to the end of 1985 reported three deaths due to
pancreatic cancer, all in men employed more than
20 years (0-9 expected) (Divine B, American
College of Occupational Medicine, Houston, 1990,
unpublished data). There were no deaths due to
leukaemia. A subset of the cohort in the United
Kingdom studied by Gardner et a17 worked in
ethylene oxide production by the chlorohydrin
process. There were weak excesses of pancreatic
cancer, non-Hodgkin's lymphoma, and leukaemia,
based on small numbers. No information was pro-
vided as to whether the men in these studies also
had exposures to chlorohydrin production.
Hogstedt et al reported excesses of stomach cancer
and leukaemia, but not pancreatic cancer, in men
who worked in chlorohydrin production, simultane-
ously with their involvement in ethylene oxide pro-
duction in the same unit.8 Workers were reported
by Hogstedt et al to be able to taste the chemical
reaction product. The present investigation did not
find an excess of stomach cancer (one observed v
1-4 expected). Teta et al did not report any deaths
from stomach cancer among men assigned to ethyl-
ene oxide production by the chlorohydrin process.'
The chlorohydrin unit findings show that con-
founding can occur in studies of ethylene oxide
workers in the manufacturing setting and also show
the necessity for cautious interpretation.
The challenge remains to identify the carcino-

gens present in the chlorohydrin unit, which pro-
duced several chemicals and involved numerous
others as raw materials and byproducts, including
ethylene oxide. Greenberg et al concluded that
ethylene oxide did not play a part in the chloro-
hydrin unit findings, because it was used sporadi-
cally and in low volume in the chlorohydrin unit
and because the remaining ethylene oxide study
cohort did not exhibit similar excesses.' The results
of the internal comparisons of the chlorohydrin unit
workers with the remaining ethylene oxide workers
support this conclusion. Also, the men included in
the 10 year update of the ethylene oxide workers
never assigned to the chlorohydrin unit experienced
a deficit of deaths due to pancreatic and lympho-
poietic tissue cancers and the number of deaths due
to leukaemia (five observed) was similar to that
expected (4 7).3
The chlorohydrin unit primarily produced ethyl-

ene and propylene chlorohydrin. During the period
when the cases of pancreatic cancer and leukaemia
were first assigned to the unit, ethylene chloro-
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hydrin was produced in the largest volume or was

the only chemical produced. Only two of the cases

were still working after 1957, when production of
ethylene chlorohydrin ceased and production of
propylene chlorohydrin expanded. These were

closely related processes, however, with chemically
related byproducts.
Company industrial hygiene data were not avail-

able until the late 1970s. Retired industrial hygien-
ists recall that the chlorohydrin unit existed in a

closed building, at least until about 1949. The
technology at the time limited the effectiveness of
mechanical ventilation, creating reliance primarily
on natural air exchange. Strong odours were preva-

lent well into the 1950s.
The findings are best interpreted in the context

of the evidence related to the toxicity of the three
chemicals involved in the production of ethylene
chlorohydrin and exposure potential. Ethylene
chlorohydrin, ethylene dichloride, and bis-chloro-
ethyl ether are solvents which can penetrate the
skin.9-1 Bis-chloroethyl ether is acutely toxic and
highly irritating to the skin, eyes, nose, and respira-
tory passages in humans. It has a pungent odour,
detectable at low concentrations (about 0 049
ppm). It has been positive in some mutagenicity
tests and has caused liver hepatomas in two strains
of male mice. These results are not considered con-

clusive evidence because mouse liver hepatomas are

questioned as a reliable indicator of carcinogenicity.
The International Agency for Research on Cancer
has classified bis-chloroethyl ether as group 3 ("not
classifiable as to its carcinogenicity to humans").'2
Tumours have been induced by ethylene dichloride
in both rats and mice by the dermal and oral
routes, but not by inhalation. Ethylene dichloride
has been shown to produce an increased incidence
of haemangiosarcomas of the spleen, liver, pan-

creas, and adrenal gland in a mouse gavage study.
It also affects the immune and haematopoietic sys-
tems."3 Most people can detect ethylene dichloride
at about 6 ppm. The IARC has classified ethylene
dichloride as group 2B ("possibly carcinogenic to
humans").'2 Ethylene chlorohydrin has not been
associated with the occurrence of tumours in
animal studies. It is, however, acutely toxic at low
concentrations." The odour threshhold is 0-4 ppm.

Hogstedt et al' estimated exposure concentra-
tions, based on production of ethylene chlorohydrin
in the 1940s at an old Swedish processing plant, to
be 1-5 ppm for ethylene chlorohydrin, 24-7 ppm for
ethylene dichloride, and 0-0086 ppm for bis-
chloroethyl ether, well above the odour threshholds
for all three chemicals. Production levels were not
reported. Chlorohydrin unit efficiency records at
the South Charleston plant for January 1946 also
document that ethylene dichloride was the major
byproduct (1 8 million lb v 0-2 million lb for bis-

chloroethyl ether). The levels of exposure to ethyl-
ene chlorohydrin and bis-chloroethyl ether are like-
ly to have been low in the South Charleston
chlorohydrin unit, based on the estimates of
Hogstedt et a18 for a similar process and because of
their acutely toxic properties. In the South
Charleston operation, ethylene dichloride, which is
not an irritant at low concentrations, was by far the
major byproduct. Historical production and
research and development reports document two
further sources of exposure to ethylene dichloride
in the chlorohydrin unit. In 1939 both the chloro-
hydrin "make" tank and the chlorohydrin oxide
feed tank had wooden covers with open manholes
in the centre, about 3 feet by 4 feet, through which
"make" and circulating lines entered the tanks.
Losses of both ethylene chlorohydrin and ethylene
dichloride from these sources were documented
during an attempt to improve production efficien-
cies. Secondly, from 1939 to 1943, blowback gas
from the ethylene dichloride synthesis unit was
cooled and its ethylene dichloride content reduced
by passing it into the gas cooler of one of the
chlorohydrin units. This procedure made it more
difficult to run the chlorohydrin unit and over-
loaded the gas cooler. Because it was a potential
hazard for the chlorohydrin unit through which it
was passed, in 1943 a new ethylene dichloride syn-
thesis unit was started up with a lime scrubber sys-
tem that served both ethylene dichloride
production units.

Plant medical records were located for five of the
eight workers who died from pancreatic cancer,
who were all operators in the chlorohydrin unit.
Multiple visits for accidental overexposures to eth-
ylene dichloride or propylene dichloride were
recorded for three of these five men. The occur-
rences were often the result of transferring liquid
chemicals. One case primarily worked in refining,
considered part of the chlorohydrin unit, where he
experienced numerous injuries related to ethylene
dichloride. Ethylene chlorohydrin was the major
raw material in chlorohydrin based ethylene oxide
production, which operated in parallel with the
ethylene chlorohydrin production unit and used
virtually all of the product in ethylene oxide synthe-
sis. Of the 78 men who worked in this unit (and not
in the chlorohydrin unit), none died from pancre-
atic cancer (0 59 exp expected).'

Several epidemiological studies have implicated
short chain chlorinated hydrocarbons in the occur-
rence of pancreatic cancer. An almost twofold
excess of pancreatic cancer was reported among
men exposed to methylene chloride in photograph-
ic film manufacture, although no trends were seen
with cumulative exposure or latency.'4 15 The mean
time since first exposure for these cases was over 30
years. The authors discussed other possible solvent
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exposures, including ethylene dichloride, which
were not independently evaluated. Exposure levels
to ethylene dichloride for certain areas were similar
to methylene chloride levels. Exposure to methyl-
ene chloride (and not ethylene dichloride) was not
associated with pancreatic cancer in textile manu-
facture.'6
An excess of pancreatic cancer (three observed v

0-9 expected) was reported by Ott et al among men
assigned to production of chlorinated methanes in
the 1940s.'7 These workers were not known to have
had exposure to ethylene dichloride. There is
inconsistent evidence of an association between
pancreatic cancer and employment in the dry
cleaning industry, with current or past potential
exposures to several chlorinated hydrocarbons.'820
In a recently conducted case-control study, a strong
association was reported between DDT, another
halogenated hydrocarbon, and pancreatic cancer
(odds ratio = 4 8).21 Trends with increasing dura-
tion of exposure and time since first exposure were
also seen.

Ethylene dichloride was manufactured at a
Union Carbide Texas location from 1948 to 1984
and 107 men were assigned to units producing this
chemical. None of the seven men who died from
pancreatic cancer and worked at this facility were
ever assigned to ethylene dichloride production
units.22 The process and byproducts, however, were
not the same as those in the South Charleston
chlorohydrin unit operation.
The information from this investigation is insuf-

ficient to confirm which exposure or combination
of exposures caused the cancer excesses found. The
weight of evidence based on probable exposure
levels, known toxicity, and animal responses to the
agents involved, suggest that high exposure to
ethylene dichloride, perhaps in combination with
other chlorinated hydrocarbons, is the most likely
explanation.

Work conducted by L 0 Benson was as a consul-
tant to Union Carbide Corporation.
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