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Abstract

This dissertation examines the relation between occupational exposure to the solvent
methylene chloride and mortality in a cohort of cellulose fiber production workers. The
first paper, entitled The Mortality of Cellulose Fiber Production Workers, presents the main
results of the mortality follow-up of the cellulose fiber workers cohort through
September 1, 1986. Mortality from neoplastic and non-neoplastic disease among
cellulose fiber production workers is compared to that of the U.S. and local (county
level) populations, while controlling for the effects of gender, race, calendar period, and
age. Mortality from cancers of the lung, breast, and pancreas, and ischemic heart disease
was less than expected. Excess mortality was observed for melanoma of the skin, cancer
of the buccal cavity and pharynx, tumors of the liver and biliary tract, and accidental
deaths. Three deaths from cancer of the bile ducts were observed (3 observed, 0.15

expected, SMR=20). This is the first known report of an association between exposure

to methylene chloride and cancer of the bile ducts.

The second paper, entitled Reassessment of Methylene Chloride Exposure in a Cohort of
Cellulose Fiber Production Workers: Construction of an Exposure Scale and Analyses of
Mortality, presents the results of an attempt to quantify further the methylene chloride
exposure of the cellulose fiber workers cohort using work histories and industrial hygiene
data, with the goal of improving the accuracy of exposure classification and reducing
misclassification. An exposure classification scheme comprising three categories of job
groups was developed that allows deaths and person-time associated with the greatest

exposure to be analyzed separately. Analyses of mortality from selected causes were



conducted using the exposure classification scheme, but their informativeness was limited

by small numbers of deaths and residual exposure misclassification and they yielded little

additional information.

The third paper, Issues in Mortality Ascertainment in a Cohort of Cellulose Fiber
Production Workers, examines three methodologic issues related to mortality
ascertainment that arose in the course of the follow-up of the cellulose fiber workers
cohort. First, the use of the SSA decedent files as the primary source of vital status data
in the absence of individualized follow-up was examined by comparing the completeness
of separate follow-ups of the fiber workers cohort through June, 1977. Contrary to
expectation, SSA follow-up compared favorably with individualized follow-up, providing
reassurance that underascertainment is not a major concern for the interpretation of the
results of the mortality analyses. Second, death certificates that have been collected by
the company for purposes other than epidemiologic research were examined to
determine their suitability as a data source for preliminary analyses of the mortality of
occupational cohorts. Death certificates of cellulose fiber workers that were in the
possession of the company were compared to the total group of certificates obtained by
cohort follow-up. Death certificates on file with the employer did not accurately reflect
the mortality of the cohort, indicating that analyses based solely upon this source of
mortality data may be subject to considerable bias. Finally, differential accuracy of
mortality ascertainment according to exposure status was;as a potential source of bias in
occupational cohort mortality studies. Differential completeness of mortality

ascertainment related to exposure was observed when an attempt was made to expand




the cellulose fiber workers cohort to include workers who had not been exposed to
methylene chloride. Race and length of employment appeared to be related to

completeness of mortality ascertainment.



Introduction

The main objective of the research presented herein is to study whether occupational
exposure to the solvent methylene chloride causes increased mortality from certain
neoplastic and non-neoplastic diseases. I addressed this question in a retrospective
cohort study of textile workers exposed to methylene chloride in the manufacture of
cellulose triacetate fiber. Methylene chloride is a chlorinated solvent, widely used in
industrial applications and in consumer products. Animal experiments and an
epidemiologic study have yielded evidence of the carcinogenic potential of methylene
chloride. These results, coupled with the possibility of widespread human exposure, have
focussed the attention of epidemiologists, toxicologists, and government regulators on the

carcinogenic potential of methylene chloride in humans.

Background

Methylene chloride (CH,Cl,), also known as dichloromethane or methylene dichloride, is
produced commercially by the chlorination of methane or methyl chloride. The U.S.

International Trade Commission estimates that U.S. production of methylene chloride in

1975 was 270 million kilograms (1).

Methylene chloride has many and diverse industrial and consumer applications. It is
employed as a solvent in paint removers and degreasing agents, and in the manufacture

of textiles, pharmaceuticals, and photographic film. It is used as an extractant in the
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decaffeination of coffee and the production of spices, and as a propellant in spray cans

Q).

The National Institutes of Occupational Safety and Health estimate that, as of 1976,
70,000 workers in the U.S. were exposed to methylene chloride in the work place (2),
either in the production of methylene chloride itself, or in the production of consumer

products. Because of its presence in consumer products, non-occupational sources of

exposure may also occur.

The World Health Organization estimates that 80% of the estimated 570 million
kilograms of methylene chloride produced worldwide is released into the atmosphere (3).

In the U.S., methylene chloride has been detected in various water supplies and aquifers

2,4).

Two pathways for the metabolism of methylene chloride have been described in humans
and other mammalian species (5). The multi- function oxidase, MFO, pathway produces
carbon monoxide as a byproduct of methylene chloride metabolism, and is saturated at
methylene chloride concentrations of 500 parts per million (ppm). A second metabolic
pathway for methylene chloride, the glutathione-S-transferase (GST) pathway was
described by Ahmed and Anders (6). This pathway produces formaldehyde as a
byproduct of methylene chloride metabolism. Metabolic intermediates produced by the

GST pathway are considered to be carcinogenic (5), and this pathway has been
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demonstrated to be active in in-vitro studies of several organ systems, including lung,
liver and pancreas, in several rodent species and in humans. The GST pathway is non-
saturable, and is responsible for the metabolism of methylene chloride at levels

exceeding 500 ppm. Methylene chloride, or its metabolites, is excreted by the lungs, in

the urine, and in stool.

Interest in the carcinogenic potential of methylene chloride has been stimulated by the
results of bioassays conducted by the National Toxicology Program (NTP) (7). These
studies yielded evidence of the carcinogenicity of methylene chloride in mice and rats
continuously exposed to 2,000 ppm of methylene chloride for two years. The mice
developed excess lung and liver tumors, the rats developed excess mammary tumors,
non-neoplastic hepatic changes, and fibrotic changes of the bile ducts. Toxicologists have
interpreted these results as consistent with the observation of greater levels of GST
activity in the mouse, despite the induction of mammary tumors in the rat. The
implications of these results for human carcinogenesis are not clear, due to lack of

knowledge of the comparative pharmacokinetics of methylene chloride in the different

species (2,5).

While the attention of scientists has focussed most recently on the carcinogenicity of
methylene chloride, it was its neurologic and cardiovascular effects that first aroused
scientific interest. Interest in the health effects of methylene chloride dates from the late

19th century. Early investigators administered methylene chloride vapor to dogs and



Introduction Page I- 5

described its anesthetic effects, as well as its deleterious neurologic effects, such as
tremors and seizure activity, at high doses (8). In the first half of the 20th century these
observations were repeated in several other species including humans (9). During this
period, methylene chloride was employed in clinical anesthesia practice, particularly in
obstetric aneksthesia, because it produced anesthesia without loss of consciousness or
muscle tone (10). Case reports and anecdotal writings from this era describe the effects
of acute occupational exposure to methylene chloride vapor, ranging from

lightheadedness (11) to death (12).

Formal scientific investigation of the health effects of methylene chloride began in the
1970s. Fodor and Winneke (13) observed impaired responses to auditory and visual
stimuli in volunteer subjects exposed to 300 to 800 ppm concentrations of methylene
chloride relative to their performance at 0 ppm. Winneke (14) exposed volunteers to
concentrations of methylene cﬁloride between 317 and 751 ppm for three to four hours
and observed impaired responses to auditory and visual stimuli, and impaired
performance of psychomotor tasks, relative to volunteers exposed to between 50 and 100
ppm. Stewart (15) exposed subjects to concentrations of methylene chloride from 213 to
986 ppm for a maximum duration of two hours. He observed deleterious changes in

electroencephalographic patterns evoked in response to visual stimuli.
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Stewart's study also provided the first experimental evidence of the effect of methylene
chloride on oxyhemoglobin saturation. In one subject Stewart observed that after
exposure to 213 ppm of methylene chloride for one hour carboxyhemoglobin rose from
0.4% to 1.75%. After discontinuation of exposure carboxyhemoglobin continued to rise,
reaching a maximum of 2.4% three hours after exposure had ceased. Stewart
reproduced this pattern in other subjects and observed that the peak concentrations of
carboxyhemoglobin, both during and after exposure, were proportional to methylene
chloride concentration and duration of exposure. Elevations of carboxyhemoglobin were
maintained for greater than 24 hours after cessation of exposure. Stewart (16-18)
conducted additional experiments and observed a direct relation between
carboxyhemoglobin levels and duration of exposure to 250 ppm of methylene chloride in
non-smoking men (16) and women (17). Women experienced higher levels of
carboxyhemoglobin at each duration. Stewart (18) also observed that exposure of
subjects to a 4:1 mixture of methylene chloride (216 to 788 ppm) and methanol resulted

in prolonged elevation of carboxyhemoglobin relative to those exposed to methylene

chloride alone.

Although most experimental studies administered methylene chloride as a vapor, at least
one investigation demonstrated that methylene chloride could be absorbed through intact
skin at room temperature and subsequently detected both in blood and in expired air
(19). Dermal contact resulted in a burning sensation, and, after ten minutes, numbness.

A white scale and exudate were also observed.
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There have been two major epidemiologic studies of occupational cohorts exposed to
methylene chloride. Ott et al. (20) assembled a cohort of workers exposed to methylene
chloride in the production of cellulose triacetate fiber. The study comprised 1,271
workers at the plant who held jobs that entailed exposure to methylene chloride. The
study identified 54 deaths during the period from January 1, 1954 through June 30, 1977.
Compared with mortality in the United States population, this study found that workers
died more frequently from accidental causes. There was no increased risk of death from
ischemic heart disease. Seven cancer deaths were observed in the cohort, but there was
no excess (observed minus expected) of more than one death from any particular type of
cancer. While cohort members were exposed to high levels of methylene chloride
(median eight hour time-weighted exposures of 60-690 parts per million), the cohort
consisted of relatively young people who had accrued little follow-up time in the lengthy

induction periods considered necessary for occupational carcinogens to produce

neoplastic disease.

Hearne, et al. (21) assembled and followed a cohort of workers exposed to methylene
chloride in the production of photographic film. Among 1,013 workers, 176 deaths were
observed for the period 1964 through 1984. There were no excess deaths from cancers
of the liver or lung, nor from accidents or ischemic heart disease; however, an increase
in mortality from cancer of the pancreas was reported (SMR =2.5, based on 8 observed

pancreatic cancer deaths). These workers were exposed to lower average concentrations
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of methylene chloride than the cohort studied by Ott (26-100 ppm, on average), but had

been followed for a longer period since the start of exposure.

Contents of the Thesis

The thesis comprises three papers:

The first paper, entitled The Mortality of Cellulose Fiber Production Workers, presents the
main results of the mortality follow-up of the cellulose fiber workers cohort through
September 1, 1986. Mortality from neoplastic and non-neoplastic disease among
cellulose fiber production workers is compared to that of the U.S. and local (county
level) populations, while controlling for the effects of gender, race, calendar period, and
age. In these analyses exposure to methylene chloride is represented by employment in
the plant, and the relations between mortality from selected causes and duration of

employment and time since first employment are examined.

The second paper, entitled Reassessment of Methylene Chloride Exposure in a Cohort of
Cellulose Fiber Production Workers: Construction of an Exposure Scale and Analyses of
Mortality, presents the results of an attempt to quantify further the methylene chloride
exposure of the cellulose fiber workers cohort using work histories and industrial hygiene
data, with the goal of improving the accuracy of exposure classification and reducing
misclassification. Work histories and industrial hygiene data are used to construct an
exposure scale. Analyses of mortality which measure the effect of exposure to different

levels of exposure are presented for selected causes of death.



Introduction Page I- 9

The third paper, Issues in Mortality Ascertainment in a Cohort of Cellulose Fiber
Production Workers, examines three methodologic issues related to mortality
ascertainment that arose in the course of the follow-up of the cellulose fiber workers
cohort. In this paper I examine: 1) the use of the SSA decedent files as the primary
source of vital status data in the absence of individualized follow-up, 2) the use of death
certificates that have been collected by the company for purposes other than
epidemiologic research as a data source for preliminary analyses of the mortality of
occupational cohorts, and 3) differential accuracy of mortality ascertainment according to

exposure status as a potential source of bias in occupational cohort mortality studies.
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Abstract

We examined the mortality of a cohort of 1,271 employees of a cellulose fiber
production facility in the Southeastern United States. Cohort members were employed
for at least three months between January 1, 1954 and January 1, 1977 in jobs that
entailed exposure to the solvent, methylene chloride. Mortality of the cohort was
ascertained through September 1, 1986: 122 deaths were observed. Mortality from
cancers of the lung, breast, and pancreas, and ischemic heart disease was less than
expected. Excess mortality was observed for melanoma of the skin, cancer of the buccal
cavity and pharynx, tumors of the liver and biliary tract, and accidental deaths. Three

deaths from cancer of the bile ducts were observed (3 observed, 0.15 expected,

SMR =20).
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Introduction

Methylene chloride, also known as dichloromethane, is a chlorinated solvent widely used
in industrial applications such as metal cleaning, electronics, and chemical processing.
Methylene chloride is also used in consumer products as a constituent of aerosol
propellants and paint removers, and as an extractant in the decaffeination of coffee (1).
A study in the early 1970s demonstrated a deleterious effect of methylene chloride
inhalation on arterial oxygen content, stimulating research interest in a possible relation
between methylene chloride exposure and ischemic heart disease (2). More recently,
bioassays have yielded evidence of the carcinogenicity of methylene chloride in mice and
rats (1,3). The results from laboratory studies of animals focused attention on the

possible carcinogenic effects of methylene chloride exposure in humans.

There have been two major epidemiologic studies of occupational cohorts exposed to
methylene chloride. Ott et al. (4) assembled a cohort of workers exposed to methylene
chloride in the production of cellulose triacetate fiber. The study comprised 1,271
workers who held jobs that entailed exposure to methylene chloride. The study
identified 54 deaths during the period from January 1, 1954 through June 30, 1977.
Compared with mortality in the United States population, this study found that cellulose
fiber production workers died more frequently from accidental causes. There was no
increased risk of death from ischemic heart disease. Seven cancer deaths were observed
in the cohort, but there was no excess (observed minus expected) of more than one

death from any particular type of cancer. While cohort members were exposed to high
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levels of methylene chloride (median eight hour time-weighted exposures of 60-690 parts

per million), the cohort consisted of relatively young people who had accrued relatively

little follow-up time.

Hearne, et al. (5) assembled and followed a cohort of workers exposed to methylene
chloride in the production of photographic film. Among 1,013 workers, 176 deaths were
observed for the period 1964 through 1984. There were no excess deaths from cancers
of the liver or lung, nor from accidents or ischemic heart disease; however, an increase
in mortality from cancer of the pancreas was reported (SMR =2.5, based on 8 observed
pancreatic cancer deaths). These workers were exposed to lower average concentrations
of methylene chloride than the cohort studied by Ott (26-100 ppm, on average), but had

been followed for a longer period since the start of exposure.

To measure the effect of methylene chloride exposure on mortality we performed a
retrospective cohort study of workers exposed to methylene chloride in the production of
cellulose fiber at a plant in the Southeastern United States. The cohort was originally
assembled by Ott, et al., and followed by them through 1977 (4). We extended the

follow-up of this cohort for an additional nine to ten years, that is, through September 1,

1986.










































































































































































































































































































































































