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Abstract
Objectives-A previous study reported a
fivefold increase in mortality from pan-
creatic cancer and a threefold increase in
lymphopoietic and haematopoietic cancer
among 278 men who were assigned to a
now dismantled Union Carbide chlorohy-
drin unit in the Kanawha Valley of West
Virginia. There were also significant
trends with duration of employment. The
purpose of this study was to determine
whether a comparable increased risk in
mortality from pancreatic cancer and
lymphopoietic and haematopoietic cancer
occurred among male employees assigned
to the Dow Chemical Company's ethylene
and propylene chlorohydrin production
processes.
Methods-The cohort consisted of 1361
male employees who worked at the com-
pany's Freeport, Texas, Plaquemine,
Louisiana or Midland, Michigan plants.
Subjects were considered to have had a
minimum of 30 days of workplace
experience in 1940-92, in the ethylene
chlorohydrin and propylene chlorohydrin
process areas. These process areas were
located within the ethylene oxide and pro-
pylene oxide production plants. A total of
300 deaths was observed to 31 December
1992.
Results-The standardised mortality ratio
(SMR) for all malignant neoplasms was 94
(95% CI 74 to 118). There was one pancre-
atic cancer death compared with 4.0
expected (SMR 25,95% CI 1 to 140). There
were 10 lymphopoietic and haematopoi-
etic cancer deaths compared with 7.7
expected (SMR 129, 95% CI 62 to 238).
Additional analyses, which examined lo-
cation, production process, duration of
employment, and a 25 year induction
latency period, were not significant.
Conclusions-The results provide some
assurance that the Dow Chemical cohort,
to date, has not experienced increased
risks ofpancreatic cancer and lymphopoi-
etic and haematopoietic cancer as previ-
ously reported in a different cohort of
chlorohydrin workers. Possible reasons
are discussed for the inconsistent findings
between the two cohorts.

(Occup Environ Med 1997;54:592-598)
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Greenberg et al were the first to report an
increased risk of mortality for pancreatic
cancer and leukaemia among men with two or
more years experience in the chlorohydrin unit
of a Union Carbide plant located in South
Charleston, West Virginia.' Subsequently, in
1993, Benson and Teta reported a 10 year
update of the mortality experience of male
workers (n = 278) who were ever assigned to
this chlorohydrin unit.2 Altogether there were
147 observed deaths compared with 140.8
expected (standardised mortality ratio (SMR)
104, 95% confidence interval (95% CI) 88 to
123) and 40 observed deaths from malignant
neoplasms compared with 30.8 expected
(SMR 130, 95% CI 93 to 177). Primarily the
excess in deaths from malignant neoplasms was
from pancreatic cancer (eight observed, 1.6
expected, SMR 492, 95% CI 158 to 1140) and
lymphopoietic and haematopoietic cancers
(eight observed, 2.7 expected, SMR 294, 95%
CI 127 to 580).
The risk of mortality from pancreatic cancer

and lymphopoietic and haematopoietic cancer
increased with duration of employment in the
chlorohydrin unit. Six of the eight employees
who died from pancreatic cancer, as well as six
of eight from lymphopoietic and haematopoi-
etic cancers, began their work in the chlorohy-
drin unit before 1940. The mean interval from
first exposure to death exceeded 30 years.
Although exposure monitoring data were not
available for the chlorohydrin unit, it was
known that the chlorohydrin unit existed in a
closed building, at least until 1949. Strong
odours for this unit were prevalent into the
1950s.
Although The Dow Chemical Company

does not currently operate an ethylene chloro-
hydrin production process, it did historically
operate processes similar to Union Carbide's at
its ethylene oxide production plants in Free-
port, Texas (Texas Operations), Plaquemine,
Louisiana (Louisiana Division), and Midland,
Michigan (Michigan Division). The primary
difference between Dow Chemical and Union
Carbide ethylene chlorohydrin operations was
that the Dow plants involved not only the pro-
duction of ethylene chlorohydrin but also its
subsequent epoxidation, in another part of the
plant, to ethylene oxide. Union Carbide's unit
produced ethylene chlorohydrin which was
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subsequently pumped to a different unit for the
production of ethylene oxide.

Standardised mortality ratios for pancreatic
cancer and lymphopoietic and haematopoietic
cancer for male employees in Texas, Louisiana,
and Michigan have been reported elsewhere."
Although these studies did not suggest an
increased risk for pancreatic or lymphopoietic
and haematopoietic cancers, substantial risk
ratios-such as those reported by Benson and
Teta due to a specific process area'-could
have been masked by surveying the entire divi-
sion populations. Therefore, the purpose of this
study was to find whether comparable excess
mortality from pancreatic cancer and lym-
phopoietic and haematopoietic cancer, as
reported for employees of Union Carbide's
chlorohydrin unit, occurred among workers
assigned to Dow's ethylene chlorohydrin and
propylene chlorohydrin processes. Additional
assessments would be warranted should com-
parable risks be found.

Methods
HISTORY OF PRODUCTION OPERATIONS
There were two ethylene oxide production
plants (with each having areas where ethylene
chlorohydrin was produced) at the Texas Free-
port site. Both plants were later converted to
the production of propylene oxide (with their
respective areas in the plant where propylene
chlorohydrin was produced). Only one of the
propylene oxide production plants continues
today.

Production of ethylene oxide through the
ethylene chlorohydrin process first began in
1941 at the plant A ethylene glycol manufac-
turing facility and continued to 1967. In 1968,
the process was converted to production of
propylene chlorohydrin and its subsequent use

Table 1 Vital statusyear offirst employment, and total duration ofemployment in
ethylene chlorohydrin and propylene chlorohydrin production as of 31 December 1992 for
the study cohort (n= 1361)

Duration ofemployment (y) Total Alive Deceased

First employment before 1940:
< 2 16 1 15
2-9 12 2 10
10-20 9 1 8
>20 8 1 7
Total 45 5 40

First employment 1940-9:
< 2 135 53 82
2-9 81 40 41
10-20 35 18 17
> 20 40 21 19
Total 291 132 159

First employment 1950-9:
< 2 176 139 37
2-9 166 130 36
10-20 39 31 8
> 20 13 13 0
Total 394 313 81

First employment 1960-9:
< 2 130 119 11
2-9 116 111 5
10-20 24 22 2
> 20 12 12 0
Total 282 264 18

First employment > 1970:
< 2 186 185 1
2-9 131 130 1
10-20 31 31 0
>20 1 1 0
Total 349 347 2

Total 1361 1061 300

in propylene oxide production which con-
tinued until 1974. Even though ethylene oxide
was not produced after 1967 at plant A,
bis-chloroethyl ether, a byproduct of ethylene
oxide, continued to be finished until 1973. Bis-
chloroethyl ether was finished at plant A only as
needed, and the facility was eventually shut
down and demolished in 1974.

Production of ethylene oxide through the
ethylene chlorohydrin process began at plant B
in 1951 and continued until 1971. At that time,
the plant was converted to propylene oxide
production through the chlorohydrin process.
Ethylene oxide was not produced again until
July 1975, when one of the reactor trains
started up with ethylene oxide and ran until
May 1980, at which time it was converted back
to propylene oxide service. The plant B facility
is still manufacturing propylene oxide through
the chlorohydrin process.

Production of ethylene oxide through the
ethylene chlorohydrin process and propylene
oxide through the propylene chlorohydrin
process began in 1959 in Plaquemine, Louisi-
ana. The plant was originally constructed with
two trains, one for each product. Ethylene
oxide production continued to 1970 when it
was converted to the production of propylene
oxide. The Louisiana Division currently manu-
factures propylene oxide.

Building 290 at the Midland, Michigan plant
was the site of the ethylene chlorohydrin and
propylene chlorohydrin production processes
subsequently used for the production of ethyl-
ene oxide or propylene oxide, respectively. The
production of ethylene chlorohydrin and sub-
sequent ethylene oxide began in 1936 and con-
tinued to the 1950s. The production of propyl-
ene chlorohydrin and subsequent propylene
oxide began in the early 1940s and continued
up to 1974.
At these Dow Chemical plants, ethylene

chlorohydrin was immediately used in the pro-
duction of ethylene oxide-that is, it was not
stored-because of its corrosive nature. Both
production of ethylene chlorohydrin and its
subsequent use in the production of ethylene
oxide through the chlorohydrin process oc-
curred within about 100 feet of each other.
Employees who worked in the area of ethylene
chlorohydrin production would have also
worked in the area of ethylene oxide produc-
tion through the chlorohydrin process. In a
similar manner, production of propylene chlo-
rohydrin for its subsequent use in producing
propylene oxide through the chlorohydrin
process also existed at all these Dow Chemical
plants. Thus, exposure to ethylene oxide or
propylene oxide was possible in the Dow
Chemical plants but unlikely at Union
Carbide's unit (except during the occasional
use of ethylene oxide to produce the needed
byproducts of the ethylene chlorohydrin
process).

COHORT IDENTIFICATION AND ELIGIBII=TY
To be eligible for this cohort, the subject must
have been a male employee who worked for at
least one month at a job that was considered to
have been likely to be in the area of ethylene or
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Table 2 Observed and expected* deaths, SMRs, and 95% CIs for selected causes of death among male chemical employees with work experience in
ethylene and propylene chlorohydrin production

Deaths (n)

Entire follow up period ¢ 25 years since entry into process area

Cause ofdeath (ICDA-8) SMR SMR
(person-years) Observed Expected (33 351) (95% CI) Observed Expected (7976) (95% CI)

All causes (000-999) 300 337.3 89 (79 to 100) 187 189.6 99 (85 to 114)
All malignant neoplasms (140-209) 75 79.7 94 (74 to 118) 58 49.1 118 (90 to 153)
Cancer of buccal cavity and pharynx(140-149) 1 2.2 46 (1 to 254) 1 1.3 - -

Cancer of digestive organs and peritoneum (150-159) 16 20.0 80 (46 to 130) 14 12.3 114 (62 to 191)
Oesophagus (150) 1 2.0 51 (1 to 284) 1 1.2
Stomach (151) 2 3.1 65 (8 to 234) 2 1.7
Large intestine (153) 8 7.1 112 (48 to 221) 7 4.6 152 (61 to 314)
Rectum (154) 0 1.8 - - 0 1.0
Liver (155-156) 2 1.4 - 1 1.0
Pancreas (157) 1 4.0 25 (1 to 140) 1 2.5 40 (1 to 226)

Cancer of respiratory system (160-163) 30 29.7 101 (68 to 144) 22 19.0 116 (72 to 175)
Larynx (161) 0 1.1 - - 0 0.7
Lung (162-163) 29 28.3 102 (69 to 147) 22 18.3 121 (76 to 183)

Cancer of skin (172-173) 1 1.8 - - 1 0.8
Cancerofprostate (185) 1 5.1 20 (1 to 109) 1 3.9 26 (1 to 144)
Cancer of bladder (188) 1 1.9 - - 1 1.3
Cancer of kidney (189) 3 2.0 147 (30 to 430) 3 1.2
Cancer of brain and other nervous system tissues

(191-192) 3 2.5 123 (25 to 358) 3 1.1 - -

Lymphopoietic and haematopoietic cancer(200-209) 10 7.7 129 (62 to 238) 6 4.2 144 (52 to 312)
Lymphosarcoma and reticulosarcoma (200) 1 1.1 - - 1 0.5
Hodgkin's disease (201) 2 0.7 - - 2 0.2 - -

Leukaemia and aleukaemia (204-207) 2 3.0 67 (8-242) 1 1.6
Cancer of other lymphatic tissue(202-203,208) 5 2.7 183 (59 to 427) 2 1.8

Cancer of other and unspecified sites (199) 9 6.0 151 (69 to 286) 6 3.7 163 (60 to 355)
Benign neoplasms (210) 1 0.9 - - 1 0.5
Diseases of circulatory system (390-458) 147 156.1 94 (80 to 111) 90 95.2 95 (76 to 116)

Arteriosclerotic heart disease(410-413) 87 109.8 79 (63 to 98) 52 67.4 77 (58 to 101)
Cerebrovascular disease (430-438) 12 17.0 71 (37 to 124) 5 10.6 47 (15 to 110)

*Number of expected deaths based on US white male mortalities. SMR = standardized mortality ratio; SMR and 95% CI not calculated when expected deaths were
less than two.

propylene chlorohydrin production at Free-
port, Plaquemine, or Midland. Also, all sub-
jects must have had a minimum of one year of
service at their respective manufacturing
plants. This one year minimum requirement
was due to the fact that vital status is only fol-
lowed up in Dow's epidemiology surveillance
system for Texas and Louisiana employees who
have one or more years of service. To ensure

comparable selection factors throughout the
cohort, a minimum of one year of service was
also used for study subjects in Midland.

Computerised work histories that have been
incorporated into the epidemiology surveil-
lance system served as the primary source of
data for identification of the cohort. These
records detail basic demographic information
on each employee as well as a chronological
listing of job titles and department of employ-
ment. Plant experts with in depth knowledge of
the history of the ethylene chlorohydrin and
propylene chlorohydrin production processes
and their associated jobs within the company
assisted in the analysis and make up of the

cohort from the epidemiology surveillance sys-
tem. Numerous quality assurance steps were

incorporated into the data collection process-
for example, comparison of hard copy or

imaged work history records with a compre-
hensive set of monthly or quarterly plant
rosters, multilayer review of whether a person
or job was in the chlorohydrin process area.
Assignments in the chlorohydrin production
process areas began in 1936 for Michigan
employees, 1941 for Texas employees, and
1959 for Louisiana employees.

ASCERTAINMENT OF VITAL STATUS

The epidemiology surveillance system provides
vital status information since 1940 for Michi-
gan and Texas employees and since 1956 for
Louisiana employees. Thus, although the
duration of employment calculations began in
1936 for Michigan employees, ascertainment
of vital status did not begin until 1940. The
vital status of the cohort was followed up until
31 December 1992 through record links with
the Social Security Administration and the

Table 3 Observed and expected* deaths, SMRs, and 95% CIs for selected causes of death by manufacturing site and by production process

Manufacturing sites

Michigan Texas Louisiana
(person-years = 4004) (person-years = 25 414) (person-years = 3968)

Cause of death (ICDA-8) 0 E SMR (95% CI) 0 E SMR (95% CI) 0 E SMR (95% CI)

All causes (000-999) 67 70.2 95 (74 to 121) 223 251.7 89 (77 to 101) 10 15.9 63 (30 to 116)
All malignant neoplasms (140-209) 14 15.8 89 (48 to 149) 58 60.5 96 (73 to 124) 3 3.5 86 (18 to 250)

Pancreatic cancer (157) 1 0.8 - - 0 3.0 0 (O to 123) 0 0.2
Lymphopoietic and haematopoietic

cancer (200-209) 2 1.4 - 8 5.9 136 (59 to 268) 0 0.4

*Number of expected deaths based on US white male mortality rates. SMR = standardized mortality ratio; 0 = observed; E = expected. SMR and 95% CI not cal-
culated when expected deaths were less than two.
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National Death Index. Death certificates were

then obtained from the various state vital
statistics departments. As part of the epidemi-
ology surveillance system process, death certifi-
cates are coded by a nosologist (JBC) consist-
ent with standards of the National Center for
Health Statistics and in accordance with the
international classification of disease (ICD)
rules in force at the time of death. The codes
were then translated to the ICDA-8 (adapted
for use in the United States) revision for cohort
mortality analyses.

ANALYSES
Person-years were accumulated across five-
year age specific and calendar year specific cat-
egories from the date of entry into the cohort
until the earliest of the following events: (a) the
employee died; (b) the employee was lost to
follow up; or (c) the employee survived to 31
December 1992. Subjects with unknown vital
status were withdrawn from the analysis on the
date of their last known status. Expected deaths
among men for 57 cause specific death catego-
ries were calculated by multiplying the age,
race (white), sex (male), calendar year stratum
specific person-year estimates by United States
white male mortalities and then summing the
products across strata.6 Ninety five per cent
confidence intervals (95% CIs) were calculated
for the SMR. The SMRs and 95% CIs were not
calculated when expected deaths were less than
two. Exact confidence intervals were calculated
when expected deaths were less than five.7 A 25
year induction latency analysis was also per-
formed. The 25 year induction latency period
was chosen to be consistent with the minimum
latency periods reported by Benson and Teta.'
In the Union Carbide study, the latency period
for pancreatic cancer (time from age at first
exposure to age at death) ranged from 26 to 45
years (mean 36.8 years) and for lymphopoietic
cancer the latency ranged from 18 to 48 years
(mean 31.8 years).
Subcohorts were defined by location (Texas,

Louisiana, and Michigan) and by process
(exposure only to the ethylene chlorohydrin
process, propylene chlorohydrin process, or

both).
The mortality experience of the study popu-

lation was also compared with an internal con-

trol group which was the entire male employee
manufacturing population in Freeport, Texas
and Midland, Michigan (excluding the study
cohort) adjusted for age, calendar year, period

of hire (a 1949, 1950-1959 and > 1960), and
the manufacturing location. Study subjects in
Plaquemine, Louisiana were compared with
the Freeport, Texas control population. Risk
ratios were calculated by direct adjustment
from the Mantel-Haenszel method.8 Tests for
trend were performed with Mantel's single
degree of freedom X2 test, assuming a linear
weighting.9 Mantel-Haenszel risk estimates
were calculated for categories of duration of
employment (none, < 2 years, 2-9 years, 10-20
years, > 20 years).

Results
A total of 1361 male employees were eligible
for the study. Vital status was determined for all
subjects and as of 31 December 1992 there
were 300 deaths (22%). Table 1 shows a distri-
bution of the vital status by duration of
employment in the process areas by period of
first employment. Of the cohort 25% had their
first employment before 1950 and 54% had
their first employment before 1960.

Table 2 shows the SMRs and 95% CIs for
various cancer and non-cancer causes of death.
Considering the entire follow up period, there
were 75 deaths due to malignant neoplasms
compared with 79.7 expected (SMR 94, 95%
CI 74-118). There was only one death from
pancreatic cancer in the entire cohort com-

pared with 4.0 expected (SMR 25,95% CI 1 to
140). There were 10 deaths from lymphopoi-
etic and haematopoietic cancer compared with
7.7 expected (SMR 129, 95% CI 62 to 238).
Taking into account a 25 year induction latency
period increased the SMR to 144 for lym-
phopoietic and haematopoietic cancers (95%
CI 52 to 312).
The SMRs were comparable by location

(table 3). A 25 year induction latency analysis
(data not shown) resulted in no deaths from
lymphopoietic and haematopoietic cancer

among Michigan employees (0.7 expected).
There were six observed compared with 3.3
expected (SMR 181, 95% CI 66 to 393) lym-
phopoietic and haematopoietic cancer deaths
among the Texas employees.

Table 3 also shows the SMRs by production
process. The only pancreatic cancer death
occurred in a subject who had exposure to both
processes. The SMR for lymphopoietic and
haematopoietic cancer among subjects with
only ethylene chlorohydrin process experience
was comparable to that of subjects with mixed-
process experience. Consideration of a 25 year

Table 3 continued

Production process

Only ethylene chorohydrin Only propylene chlorohydrin Both processes
(person-years = 17 967) (person-years = 3721) (person-years = 11 934)

O E SMR (95% CI) 0 E SMR (95% CI) 0 E SMR 95% (CI)

190 211.3 90 (78 to 104) 19 24.4 78 (47 to 121) 91 105.7 86 (69 to 106)
48 49.9 96 (71 to 128) 5 5.8 86 (28 to 201) 22 23.9 92 (58 to 140)
0 2.5 - - 0 0.3 - - 1 1.2 83 (2 to 464)

7 4.7 149 (60 to 307) 0 0.6 - - 3 2.4 127 (26 to 371)
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induction latency period (data not shown)
resulted in an SMR for lymphopoietic and
haematopoietic cancer of 194 (6 observed, 3.1
expected, 95% CI 71 to 423) among those
employees with exposure only to the ethylene
chlorohydrin process. There were no deaths
(1.1 expected) from lymphopoietic and hae-
matopoietic cancer among those potentially
exposed to both processes.

Table 4 shows the Mantel-Haenszel relative
risk (RR) estimates by duration of employment
in the chlorohydrin plants for the causes of
death of interest. There were no significant
trends. At 10-20 years of employment in the
chlorohydrin plants, there was a significant
Mantel-Haenszel RR (RR 3.56, 95% CI 1.23
to 10.29) for lymphopoietic and haematopoi-
etic cancer based on three observed deaths.
Based on the data in table 4, we noticed that

three of the lymphopoietic cancer deaths had
comparable durations of employment of 9.7,
10.1, and 10.6 years. To investigate the effect of
alternative categories of duration of employ-
ment (0, <2, 2-8, 9-20, and >20 years), we
reanalysed this cause of death with the Poisson
distribution after adjustment for age, calendar
year, location, and period of hire. All models
suggested a non-significant 20% increase in
risk with each successive increment in duration
of employment.

Table 5 shows a demographic distribution of
those who died from pancreatic cancer or lym-
phopoietic and haematopoietic cancer. The
range of duration of employment was 0.1 years
to 35 years for those who died from lymphopoi-
etic and haematopoietic cancer. Follow up
ranged from eight to 44 years.

Discussion
Our results provide no evidence, at this time,
that workplace experience in Dow Chemical's
ethylene chlorohydrin and propylene chlorohy-
drin process areas within the ethylene oxide
and propylene oxide plants has increased this
cohort's risk of pancreatic cancer. In the
Benson and Teta study of the Union Carbide
chlorohydrin unit, there were eight observed
pancreatic cancer deaths compared with 1.6
expected (SMR 492, 95% CI 158 to 1140).2
Our study excluded the RR for pancreatic can-
cer reported by Benson and Teta as we
observed one pancreatic cancer death com-
pared with 4.0 expected (SMR 25,95% CI 1 to

140). Because of the poor survival from
pancreatic cancer,'0 it is unlikely that any
deaths from pancreatic cancer were missed in
this study from the death certificate
methodology used although there may have
been some misclassification (with either liver or
biliary cancer) as generally only 80% of
pancreatic cancer cases are histologically con-
firmed, with the rest clinically confirmed.'""
We do have some reservations about the

inference of no association between chlorohy-
drin workplace experience and pancreatic can-
cer in our study. Firstly, we noticed that Union
Carbide employees began working in 1925 in
their chlorohydrin unit which was 11 years ear-
lier than employees in the Dow cohort. Benson
and Teta reported that 40% of their cohort was
first employment in the chlorohydrin unit
before 1940 and 74% before 1950,2 whereas
these proportions were 3% and 25% of the
Dow cohort, respectively. It is conceivable that
the intensity of exposure was very different in
the 1 920s compared with the 1940s, and
certainly compared with the next four decades.
Secondly, the Union Carbide process was
enclosed within a building whereas only Dow's
Michigan process was enclosed. Potential
chemical exposures may have been much
greater in this enclosed environment than in
the open process areas in Dow's Louisiana and
Texas plants. We note that the only death from
pancreatic cancer in our cohort was of a
Michigan employee although this did not differ
from expected (0.8). Thirdly, the mean follow
up was 36 years from first employment until
death from pancreatic cancer among the eight
Union Carbide cases. It is possible that the
meaningful induction latency period has not
yet passed for our cohort as the mean follow up
period for the entire cohort was 24.5 years. On
the other hand, for the 137 Michigan employ-
ees who worked in an enclosed setting, mean
follow up was 29.2 years. Fourthly, Union Car-
bide workers spent their time in the chlorohy-
drin unit whereas Dow employees worked
simultaneously in the chlorohydrin and oxide
production areas. This likely resulted in differ-
ent levels of worker exposures. Finally, there
may have been differences in confounding fac-
tors between the two cohorts; however, the only
well established risk factor, albeit weak, for
pancreatic cancer is cigarette smoking.'0-13
Our results on the lymphopoietic and

haematopoietic cancers are also inconsistent

Table 4 Observed deaths, RR estimates, and 95% CIs for causes of death by cumulative duration, Dow Chemical chlorohydrin production

Duration ofemployment (y)

None <2 RRt(O) 2-9 RRt(O) 10-20 RRt(O) >20 RRt(O) Trend test
Cause of death RRt(O) (95% CI) (95% CI) (95% CI) (95% CI) (P value)

(Person-years) (1 196 971) (15 985) (12 810) (3 034) (1 247)
Total malignancies 1.0 (3305) 0.92 (34) 0.92 (24) 1.37 (13) 0.54 (4) 0.60

(0.66 to 1.30) (0.62 to 1.38) (0.80 to 2.36) (0.20 to 1.42)
Pancreatic cancer 1.0 (168) 0 (2.0)* 0 (1.4)* 1.92 (1) 0 (0.4)* 0.27

(0.28 to 13.10)
Lymphopoietic and 1.0 (315) 1.47 (5) 0.42 (1) 3.56 (3) 1.72 (1) 0.21

haematopoietic cancer (0.61 to 3.58) (0.06 to 2.84) (1.23 to 10.29) (0.24 to 12.21)
Leukaemia 1.0 (129) 0.74 (1) 0 (1.0)* 2.98 (1) 0 (0.2)* 0.72

(0.10-5.24) (0.46-19.22)

*Expected deaths. tEstmate ofRR with the non-exposed level as baseline adjusted for age, calendar period, manufacturing location, and period of employment.
o = observed.
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Table S Characteristics of those who diedfrom pancreatic cancer and lymphopoietic and haematopoietic cancer among a cohort of 1361 male employees
involved in chlorohydrin production

Year offirst Age atfirst employment Duration of employment
Disease classification Location Exposure type* employment (y) (y) Follow up (y) t Age at death

Pancreatic cancer
1 MI B 1955 48 16.0 34 82

Leukaemia
1 MI B 1956 46 10.6 16 62
2 TX E 1941 27 1.8 25 52

Hodgkin's disease
1 TX E 1941 28 34.6 42 70
2 TX E 1941 34 0.1 31 65

Multiple myeloma
1 TX E 1943 54 10.1 16 71

Lymphoma
1 TX E 1943 36 1.5 37 73
2 TX E 1943 24 0.8 44 68
3 TX E 1951 26 9.7 40 66
4 TX B 1978 50 0.6 8 58

Lymphosarcoma
1 MI B 1936 44 19.2 19 63

*E=ethylene chlorohydrin, B= both ethylene and propylene chlorohydrin.
tYears from first employment to death.

with those reported by Benson and Teta,2
although the interpretation is more difficult as
the 95% CIs overlap. Overall, Benson and Teta
reported eight observed and 2.7 expected lym-
phopoietic and haematopoietic cancers (SMR
292, 95% CI 127 to 580).2 Our SMR was less
than half this and was not significant (SMR
129, 95% CI 62 to 238) based on 10 deaths.
Benson and Teta reported four observed com-
pared with 1.1 expected deaths from leukaemia
and three observed compared with 0.8 ex-
pected deaths from other lymphopoietic and
haematopoietic cancers.2 We found an SMR
below the null value for leukaemia (two
observed, 3.0 expected) but had more observed
(n = 5) than expected (n = 2.7) deaths from
cancer of other lymphopoietic and haemat-
opoietic tissues. Benson and Teta reported a
significant trend with duration of employment
for both lymphopoietic and haematopoietic
cancer and its subcategory leukaemia,2 whereas
we did not observe significant trends for these
causes of death. We did observe a weak,
non-significantly positive association with du-
ration of employment for lymphopoietic and
haematopoietic cancer with Poisson regression
modelling. The existence and magnitude of
this association were minimally influenced by
the intervals used for duration of employment.
There have been two other published

retrospective cohort mortality studies of work-
ers who may have been exposed to the ethylene
chlorohydrin process during the production of
ethylene oxide.14 15 These studies have limited
value to consider the present research question
because of their non-focus on the chlorohydrin
process.
Benson and Teta thought that their data

provided substantial evidence that the in-
creased risks were related to work in the Union
Carbide chlorohydrin unit.2 Based on their
review of the toxicology, medical records which
indicated accidental overexposures for three
cases of pancreatic cancer, and available indus-
trial hygiene data, they suggested that likely
past high exposure to ethylene dichloride, per-
haps in combination with other chlorinated
hydrocarbons, was a possible causal
explanation.2 Ethylene dichloride given by gav-

age induced various tumours in rats at doses of
150 mg/kg/day or 75 mg/kg/day.'6 Another
study,'7 however, provided no evidence of
tumour production in rats and mice chronically
exposed to ethylene dichloride vapour concen-
trations up to 150 ppm for seven hours a day. In
both studies the maximum tolerated dose was
reached or exceeded. A pharmacokinetic study
has shown ethylene dichloride to be readily
metabolised and rapidly eliminated from the
body after gavage or inhalation administration;
however, the normal detoxification process was
probably saturated earlier with garage. 1
Whether exposure induced by gavage is an
appropriate method for studying the effects of
ethylene dichloride is a reasonable question as
inhalation is the primary route ofhuman expo-
sure. It should also be noted that the most
important industrial use for ethylene dichloride
is as a precursor in the production of vinyl
chloride monomer.'" Two multiplant cohort
studies of men (10 173 in the United States
study and 12 706 in the European study) who
worked for at least one year in jobs involving
potential exposure to vinyl chloride monomer
and polyvinyl chloride production, showed no
increased risk of mortality from either pancre-
atic cancer or lymphopoietic and haematopoi-
etic cancer. 021 It is unknown whether the
potential exposures to ethylene dichloride
experienced by these cohorts would have been
similar to those experienced by the cohort
studied by Benson and Teta.2 Whereas the
United States study involved relatively few
monomer production workers,20 22 much of the
European cohort worked in vinyl chloride
monomer production.2'
At the present time, the results of our study

provide some assurance that the Dow Chemi-
cal ethylene chlorohydrin and propylene chlo-
rohydrin cohort has not experienced significant
increased risk for pancreatic cancer and
lymphopoietic and haematopoietic cancer. We
think an additional five to 10 years of follow up
of the Dow Chemical cohort are necessary to
ensure comparable latency periods with the
Union Carbide study to confirm definitively
the lack of risk for pancreatic cancer reported
in our study as well as to clarify any possible
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association with lymphopoietic and haemat-
opoietic cancer.

We acknowledge the assistance of Buddy Bailey, Charles
Hutchenreuther, Ken McDonald, and Beth Stafford to this
study.
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