
ORIGINAL ARTICLE

Update of a cohort mortality study of workers exposed
to methylene chloride employed at a plant producing
cellulose triacetate film base

John A. Tomenson

Received: 28 August 2010 / Accepted: 30 January 2011 / Published online: 16 February 2011

� Springer-Verlag 2011

Abstract

Purpose To update the mortality experience of employ-

ees of a factory that produced cellulose triacetate film base

at Brantham in the United Kingdom and generate infor-

mation on the effects of exposure to methylene chloride, in

particular, mortality from cardiovascular disease and can-

cers of the lung, liver and biliary tract, pancreas and brain.

Methods All 1,785 male employees with a record of

employment at the film factory in 1946–1988 were fol-

lowed through 2006, including 1,473 subjects exposed to

methylene chloride on average for 9 years at a concentra-

tion of 19 ppm (8 h time-weighted average).

Results A total of 559 deaths occurred during the follow-up

period. In the subcohort of workers exposed to methylene

chloride, substantially reduced mortalities compared with

national and local rates were found for all causes, all cancers,

and all the principal cancer sites of interest except for brain

cancer. There was a small excess of brain cancer deaths (8

observed and 4.4 expected), but no evidence of an associa-

tion with exposure to methylene chloride. Lung cancer

mortality was significantly reduced in exposed workers, even

compared to the low mortality rate in the local population

(SMR 55). In contrast, mortality from ischaemic heart dis-

ease in exposed workers was slightly increased compared

with local rates (SMR 102), but was lower in active

employees (SMR 94; local rates), where a direct effect of

exposure to methylene chloride should be concentrated.

Conclusions The study provided no indication that

employment at the plant, or exposure to methylene chlo-

ride, had adversely affected the mortalities of workers.

Keywords Methylene chloride � Mortality study �
Cohort study � Photographic film

Background and objectives

Methylene chloride (dichloromethane) is a volatile organic

solvent with many applications including paint stripping,

aerosol propellant, food extraction, polyurethane foam

manufacturing, triacetate film and fibre manufacturing and

metal degreasing (IPCS 1996). The first epidemiological

study to evaluate the effects of long-term exposure to

methylene chloride on the mortality of workers (Friedlander

et al. 1978) focused on cardiac effects based on the

observation that methylene chloride is metabolised to

carbon monoxide and that it causes a decrease in arterial

oxygen content by increasing carboxyhaemoglobin con-

centrations (Stewart et al. 1972). Interest in methylene

chloride as a possible human carcinogen was prompted by

animal bioassays reporting an increased incidence of lung

and liver tumours in mice, but not rats, exposed to meth-

ylene chloride (NTP 1986). Earlier inhalation studies by

Burek et al. (1984) in rats and hamsters exposed at similar

concentrations had shown no evidence of lung or liver

tumours.

Studies of the mortality of five groups of workers

exposed to methylene chloride have been conducted, and a

critical review of the epidemiology literature has been

performed by Dell et al. (1999). Three of these groups of

workers worked in plants producing cellulose triacetate

photographic film base. Hearne and Pifer (1999) reported

on the mortality experience of two overlapping cohorts of

workers described as the 1964–1970 Roll Coating and

1946–1970 Methylene Chloride cohorts, who were

employed at a plant in Rochester, New York (44% of the
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total population were in both cohorts). Hearne et al. (1987,

1990) also reported on the mortality experience of the

1964–1970 Roll Coating cohort, and two earlier studies

reported on the mortality of the subset of employees who

worked during 1964 (Friedlander et al. 1978; Hearne and

Friedlander 1981). The first study of the 1964–1970 Roll

Coating cohort by Hearne et al. (1987) reported a sugges-

tive excess of pancreatic cancer deaths (8 observed and 3.2

expected), but no more pancreatic cancer deaths have

occurred in the cohort and the expected number of deaths

has increased to 5.3 (Hearne and Pifer 1999). There was no

excess of pancreatic cancer deaths in the second overlap-

ping cohort, and compared with both the general popula-

tion and a group of employed control subjects, there were

reduced mortalities for lung and liver cancer and cardio-

vascular disease in both cohorts (Hearne and Pifer 1999).

The other cohort of workers engaged in film base

manufacturing were employees of a factory owned by ICI

that produced cellulose triacetate film base at Brantham in

the United Kingdom (Tomenson et al. 1997). Among

workers exposed to methylene chloride, substantially

reduced mortalities compared with national and local rates

were found for all causes, all cancers, and the principal

cancer sites of interest at that time (liver and biliary tract

cancer, lung cancer and pancreatic cancer). Mortality from

ischaemic heart disease in exposed workers was slightly

increased compared with local rates, but lower than

expected among active employees where a direct effect of

exposure to methylene chloride should be concentrated.

Two other groups of workers who worked in plants

producing cellulose triacetate fibre have been studied (Ott

et al. 1983; Lanes et al. 1990, 1993; Gibbs et al. 1996). Ott

et al. (1983) reported no adverse mortality or morbidity

experience in a cohort of workers at a plant in Rock Hill,

South Carolina. However, mortality updates by Lanes et al.

(1990, 1993) reported excess mortality from cancer of the

biliary passages and liver, although the excess observed in

the most recent update was not statistically significant (4

observed and 1.34 expected). Three of these deaths were

due to cancer of the biliary tract. A study of workers

employed at a similar plant that produced cellulose acetate

and triacetate fibres in Cumberland, Maryland, was con-

ducted to evaluate the consistency of this association

(Gibbs et al. 1996), but reported reduced mortality from

cancer of the biliary passages and liver (2 observed and

3.71 expected).

Heineman et al. (1994) reported an association between

astrocytic brain cancer and exposure to methylene chloride

in a case–control study of astrocytic brain cancer and

occupational exposure to chlorinated aliphatic hydrocar-

bons. The risk of astrocytic brain cancer increased with

probability and average intensity of exposure and with

duration of employment in jobs considered exposed to

methylene chloride, and the trends could not be explained

by exposures to the other solvents studied.

This report describes an update of the retrospective

cohort study conducted by Tomenson et al. (1997) of a

cohort of workers employed at a photographic film base

plant at Brantham in the United Kingdom and includes a

further 12 years of follow-up. The objectives of the study

were to generate improved data on the effects of exposure

to methylene chloride for one of the five cohorts that

contribute the most relevant information to the debate on

the safety of the chemical and to better characterise the

dose–response relationship with cumulative exposure to

methylene chloride. Health effects of a priori interest were

cancers of the lung, liver and biliary tract, pancreas and

brain and ischaemic heart disease.

Methods

Study population and follow-up

The study population consisted of all male workers

employed at a photographic film base plant in Brantham,

United Kingdom from 1946 until its closure in 1988. The

cohort consists of 1,785 male workers of whom 1,473 had

worked in jobs that entailed exposure to methylene chlo-

ride. A detailed description of the plant and the methods

used to ascertain the cohort are given in the report by

Tomenson et al. (1997) which gives results of the earlier

investigation into mortality patterns in the cohort with

follow-up through 31 December 1994. Female workers

were not included because few had worked in production

areas and many had job titles that made exposure difficult

to assess. The investigation updates follow-up through 31

December 2006, a further 12 years of follow-up. The vital

status of the cohort was ascertained using information

provided by the UK Medical Research Information Ser-

vice. The original investigation was approved by ICI’s

Medical Research Committee (an institutional review

board), and Section 60 support for the update was granted

by the UK Patient Information Advisory Group.

Exposure assessment

Workers at the Brantham site have not been exposed to

methylene chloride since production of film base ceased

and the exposure assessment made for the original inves-

tigation has been used for the study update. Estimates of

exposure to methylene chloride were generated for 20

distinct work groups during four production periods (before

1960, 1960–1969, 1970–1979, 1980–1988), and estimated

exposures (8-h TWA, ppm) for some selected work groups

are given by Tomenson et al. (1997). Lifetime cumulative
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exposure to methylene chloride was calculated by sum-

ming the products of mean level of exposure and duration

of employment for each job held by a cohort member. The

employment histories of 30% of exposed workers (439)

were insufficiently precise to calculate a reliable estimate

of cumulative exposure. Most of these workers were

labourers and maintenance workers whose job histories

were not specific enough to determine the time spent in

exposed areas.

The non-exposed group consisted of a variety of occu-

pations, but all were unlikely to have been exposed either

directly or indirectly through their daily work, although

very low concentrations may have existed in the general

atmosphere around the works. Most were office workers in

the technical and commercial functions. In contrast, the

exposed workers were predominantly manual workers.

Statistical methods

The occupational cohort mortality analysis program

OCMAP-PLUS (Marsh et al. 1998) was used to sum per-

son-years within categories of age (5-year intervals) and

calendar period (generally 5-year intervals to conform with

changes in the ICD) and to compute standardised mortality

ratios (SMR). Mortality statistics for England and Wales

were used for comparison, and a comparison with local

mortalities was also made for selected causes by combining

mortality information from four surrounding districts

(Tendring, Babergh, Ipswich and Colchester) from 1981 to

2006 and the two surrounding counties (Suffolk and Essex)

for 1974–1980. Analyses were performed for the entire

cohort and the subcohort of workers who had worked for a

minimum of 3 months.

The analysis treated duration of employment, cumula-

tive exposure, and latency as time related variables with the

values calculated for each person-year under observation.

A subject was allowed to contribute to more than one

stratum in each analysis. Cumulative exposure to methy-

lene chloride was categorised as 0, 0–399, 400–799, and

C800 ppm-years in the original investigation by Tomenson

et al. (1997), and the same categories have been used in the

update. These cut-off points were chosen to enable com-

parisons to be made with the studies of Rochester film

workers. However, trend analyses were also performed

using cut-off points (36.4 and 299.1 ppm-years) which

gave equal numbers of deaths from all causes in the 3

cumulative exposure categories. A Poisson trend statistic

was used to test for a montonic dose–response relationship

in the SMRs (Breslow and Day 1987). A more qualitative

assessment of exposure effect was obtained by performing

analyses based on duration of exposure.

For selected causes of death, a multivariate regression

analysis based on Cox’s proportional hazards model was

performed with age as the time variable (Checkoway et al.

2004). The analysis included all workers for whom it was

possible to calculate cumulative exposure to methylene

chloride (1,034 exposed and 312 unexposed workers). The

resultant estimate of hazard ratio can be interpreted as

relative risk (RR). Regression models included terms for

calendar period (four groups) and cumulative exposure to

methylene chloride was treated as a time-dependent vari-

able (both as a continuous variable and grouped by

increasing exposure). Analyses were also performed for

log-transformed cumulative exposure. Time since hire was

included in some models, and analyses were also per-

formed with lagged cumulative exposure (15 years).

Results

Table 1 shows the vital status on 31 December 2006 and

the demographic characteristics of exposed and unexposed

workers. A total of 59 workers (3.3%) had left the country

(49 had emigrated and 10 workers were temporary foreign

workers), and a further 10 workers (0.6%) were lost to

follow-up. Workers who were not exposed to methylene

chloride tended to be older when hired and followed up for

fewer years. As noted earlier, workers at Brantham had not

been exposed to methylene chloride since the film pro-

duction plant closed in 1988 and the exposure estimates

derived by Tomenson et al. (1997) remain valid. The 1,034

workers for whom it was possible to calculate individual

estimates of cumulative exposure to methylene chloride

had been exposed on average for 9 years at a concentration

of 19 ppm (8 h TWA), and the median, upper quartile and

upper decile of cumulative exposure for these workers

were 36.0, 149.1 and 545.7 ppm-years, respectively.

Tomenson et al. (1997) noted that it was not possible to

calculate the cumulative exposure of individual workers in

the unassigned group, but on average, they were estimated

to have been exposed for 11 years at a concentration of

13 ppm (8 h TWA).

SMRs for the major causes of death and those of initial

interest are presented in Table 2, separately for the groups

of never exposed workers and exposed workers. SMRs

were calculated using England and Wales mortality rates.

Among exposed workers, deaths from all causes of death

(P \ 0.01) and all malignant neoplasms (P \ 0.01) were

significantly lower than expected. Results for never

exposed workers were similar, and deaths from all causes

were significantly lower than expected (P \ 0.05) and

deaths due to malignant neoplasms were reduced (SMR

68). Deaths due to cancers of the lung, pancreas, and liver

and biliary tract were all lower than expected in exposed

workers. Deaths due to lung cancer were significantly

reduced in both exposed (P \ 0.01) and unexposed
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workers (P \ 0.05), and there were no deaths due to cancer

of the biliary passages and liver in the entire cohort. Deaths

due to brain and other CNS cancers were elevated in

exposed workers, but the increase was not statistically

significant. Deaths due to all heart disease and ischaemic

heart disease in exposed and never exposed workers were

also lower than expected. Results for workers with more

than 3 months of employment were similar and are not

presented.

When local rates were used to calculate expected deaths,

the expected number of deaths due to all causes fell by

10.4% and those due to all malignant neoplasms fell by

7.4% (exposed and unexposed workers). For the conditions

of a priori interest, local mortality rates were only higher

Table 1 Vital status and

demographic characteristics of

cohort

a IQR Interquartile range

Cohort Unexposed Exposed

All workers 312 1,473

Alive 31/12/2006 220 937

Dead 31/12/2006 80 479

Vital status not known 31/12/2006

Temporary overseas workers 3 7

Emigrated 4 45

Lost to follow-up 5 5

Age at entry (years), median (IQRa) 30.2 (22.3–39.1) 25.5 (19.2–35.3)

Year of entry, median (IQR) 1970 (1962–1984) 1965 (1956–1971)

Follow-up (years), median (IQR) 29.9 (21.4–39.1) 36.8 (28.2–43.1)

Duration of exposure (years), median (IQR) – 5.3 (1.5–16.8)

Percentage employed for [3 months 88 94

Person-years of follow-up 9,408 51,966

Table 2 Observed numbers of deaths and SMR for major causes of death and those of a priori interest among never exposed and exposed

workers

ICD-9 Cause of death category Never exposed Exposed

Observed SMR 95% CI Observed SMR 95% CI

001–999 All causes of death 80 78* 62–97 479 79** 72–86

140–208 All malignant neoplasms 20 68 41–105 120 70** 58–83

150–159 Digestive system 7 79 32–163 32 63** 43–88

151 Stomach 1 48 1–265 7 55 22–115

153 Colon 2 102 12–368 13 114 61–195

154 Rectum 1 79 2–439 2 27 3–99

155–156 Biliary passages and liver 0 0.5 0–733 0 2.8 0–130

157 Pancreas 2 157 19–569 5 69 22–160

160–165 Respiratory system 3 30* 6–88 28 47** 31–68

162 Bronchus, trachea and lung 3 32* 7–93 27 48** 31–69

185 Prostate 4 167 45–427 12 81 42–142

191–192 Brain and other CNS 1 124 3–691 8 183 79–360

200–208 Lymphatic and haematopoietic disease 2 93 11–336 11 89 44–159

204–208 Leukaemia 1 128 3–716 5 111 36–258

430–438 Cerebrovascular disease 7 86 35–177 29 59** 39–84

390–398, 402, 404, 410–429 All heart disease 32 94 65–133 178 88 75–102

410–414 Ischaemic heart disease 28 95 63–137 156 88 75–103

460–519 Non-malignant respiratory disease 7 60 24–123 57 79 60–102

800–999 External causes of death 2 43 5–157 20 76 47–118

950–959 Suicide 1 75 2–416 6 83 30–180

England and Wales mortality rates. Expected number of deaths (italicised) shown if SMR = 0

* P \ 0.05, ** P \ 0.01; SMR significantly different from 100
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for brain cancer (3.8% increase in expected deaths) and

were especially low for lung cancer and ischaemic heart

disease (reductions in expected deaths of 13.8 and 13.6%,

respectively). Deaths among exposed workers from all

causes of death (SMR 88), all malignant neoplasms (SMR

75) and lung cancer (SMR 55) remained significantly lower

than expected (P \ 0.01). Results for cancers of the pan-

creas, liver and biliary tract and brain were similar whether

local or national mortality rates were used for comparison.

However, mortalities due to ischaemic heart disease were

elevated in both exposed workers (SMR 102) and unex-

posed workers (SMR 111) when compared to local mor-

tality rates.

Table 3 presents the results of the SMR analysis for

three cumulative dose groups, the group of exposed but

unassigned workers, and the never-exposed group. Find-

ings are presented for all causes of death, all malignancies,

all causes of death initially of interest except for liver and

biliary tract cancer from which there were no deaths, and

deaths from all malignancies other than lung cancer

because of the very low level of lung cancer mortality in

the cohort. There was no evidence of an association

between exposure to methylene chloride and all causes of

death, all malignancies, and the cancers initially of interest.

The test for trend ischaemic heart disease was not signifi-

cant, but mortality from ischaemic heart disease increased

over the three categories of cumulative exposure. However,

the SMR for all exposed workers (SMR 88) was lower than

that for unexposed workers (SMR 95). The results of trend

analyses were similar when restricted to workers with more

than 3 months employment.

Table 4 shows the results of Cox regression models

with cumulative exposure to methylene chloride as a

continuous variable. Results are displayed as relative

risks (RR) for exposure to 1,000 ppm-years estimated

from Cox regression analyses. Analyses were performed

with and without the unexposed group and gave similar

results. Time since hire was only significant in models

for ischaemic heart disease and was not included in

models for other causes of death. No Cox regression

coefficients were statistically elevated. Similar findings

were obtained for analyses of log-transformed cumulative

exposure to methylene chloride and are not presented

here.

Discussion

The cohort of Brantham film base production workers is

one of the five cohorts totalling 7,270 subjects which

provide most of the information currently available about

the human health effects of methylene chloride. The other

cohorts include two overlapping cohorts of workers who

were also exposed to methylene chloride during the man-

ufacture of cellulose triacetate film base (Hearne and Pifer

1999) and two groups of workers who incurred exposure to

methylene chloride in the production of cellulose triacetate

fibres (Lanes et al. 1993; Gibbs et al. 1996). Table 7 of

Hearne and Pifer (1999) summarises the exposure charac-

teristics of workers in the different cohorts. The mean

exposure of workers in the present investigation was

19 ppm compared with a workplace exposure limit in the

UK of 100 ppm (8 h TWA). Mean exposure was lower

than in the other cohorts of photographic workers (26 and

39 ppm), and the mean duration of exposure (9 years) was

also shorter (23 and 17 years). Levels of exposure in the

two cohorts of fibre workers were considerably higher. The

three cohorts of photographic film workers include only

Table 3 Observed deaths and SMR for causes of death of a priori interest by exposure to methylene chloride

Causes of death Never

exposed

Cumulative exposure to methylene chloride (ppm-year) Unassigned

exposure

P value

for trenda

\400

(mean = 113)

400–799

(mean = 674)

C800

(mean = 1,179)

Obs SMR Obs SMR Obs SMR Obs SMR Obs SMR

All deaths 80 78* 220 72** 48 90 35 82 176 85* 0.23

All malignant neoplasms 20 68 54 61** 12 82 11 87 43 75 0.20

Pancreatic cancer 2 157 2 53 0 0.6 0 0.5 3 127 0.23

Brain and other CNS cancer 1 124 4 156 2 721 0 0.2 2 154 0.32

Cancer of the bronchus, trachea and lung 3 32* 10 35** 4 80 1 24 12 62 0.36

All cancers except bronchus, trachea and lung 17 85 44 73* 8 83 10 118 31 82 0.21

Ischaemic heart disease 28 95 68 78* 15 93 15 117 58 96 0.20

England and Wales mortality rates. Expected number of deaths (italicised) shown if SMR = 0

* P \ 0.05, ** P \ 0.01; SMR significantly different from 100
a Excluding unassigned exposure group
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male subjects, but a large proportion of the fibre workers

were women.

Although the workers in the Brantham cohort experi-

enced the lowest cumulative exposure of the five cohorts,

the investigation is valuable for human health risk assess-

ment because of its well-characterised exposure and dose–

response analyses. Its value has been increased by the

addition of 12 years of follow-up that has resulted in the

number of deaths among exposed workers increasing from

287 to 479. The expected numbers of deaths from rare

endpoints of interest have almost doubled giving much

increased power to detect effects e.g. the expected number

of deaths due to liver and biliary passages cancer among

exposed workers has increased from 1.5 to 2.8. Mortality

patterns over the additional period of follow-up were very

similar to those observed in the original study. Among

exposed workers, mortality from all causes, all malignant

neoplasms, cancers of the digestive system, lung cancer,

cerebrovascular disease and non-malignant respiratory

disease were reported to be statistically significantly

reduced by Tomenson et al. (1997), and all except for non-

malignant respiratory disease showed similar reductions

during the additional period of follow-up. Compared to

England and Wales mortality rates, deaths from non-

malignant respiratory disease were close to expected dur-

ing the additional years of follow-up (SMR 105; 95% CI

73–148), but a statistically significant reduction in mor-

tality due to ischaemic heart disease was observed during

this period (SMR 73; 95% CI 52–98).

The observation of lung and liver tumours in the mouse

(NTP 1986) raised concerns about the possible carcinoge-

nicity of methylene chloride. Since then, much under-

standing has been obtained about the metabolic pathways

that are the most important for dosimetry and risk assess-

ment, in particular the glutathione S-transferase theta-1

(GSTT1) pathway (Starr et al. 2006). Indeed, one section of

the population who are homozygotic null (non-conjugators)

for the GSTT1 polymorphism (typically 15 to 25%) are

predicted to be at no increased cancer risk from exposure to

methylene chloride because they show no GSTT1-depen-

dent metabolism and lack the capacity to bioactivate

methylene chloride. David et al. (2006) describe how risk

assessments using PBPK modelling have become increas-

ingly more refined since the EPA unit risk value of

4.7 9 10-7 per 1 lg/m3 was derived (EPA 1991) and have

culminated in a much lower estimate of risk. David et al.

(2006) calculated a median unit risk value of 9.33 9 10-10

per 1 lg/m3 for combined liver and lung tumours using

their updated PBPK model incorporating improved meta-

bolic and physiological parameters, and the distribution of

genetic polymorphisms for metabolism, approximately a

factor of 500 lower than the EPA unit risk value.

The unit risk value derived by David et al. (2006) cor-

responds to an approximate 1 in 10,000 risk of lung and

liver tumours for lifetime methylene chloride exposure of

30 ppm and suggests that it is unlikely that excesses of

lung and liver tumours would be observed in the epide-

miological studies, especially those of the lower exposed

film workers. The Brantham film workers cohort, like the

other four groups, experienced reduced overall mortality,

reduced mortality from cancer and lower mortality than

expected for lung cancer. Lung cancer mortality was

especially low for exposed workers in this study, even

when compared with the low mortality rates in the local

population (SMR 55; 95% CI 36–80), but mortality from

other types of cancer apart from lung cancer was also

reduced compared to local rates (SMR 84; 95% CI

68–102). Thus, the increased incidence of lung cancer seen

in the mouse bioassay is not corroborated by the epide-

miology studies, although confounding by smoking may

Table 4 Results of Cox regression analyses (continuous, cumulative exposure) for causes of death of a priority interest in the combined never

exposed and assigned exposure groups and the assigned exposure group alone

Causes of death Never exposed and assigned exposure groups Assigned exposure group

RR 95% CI P value RR 95% CI P value

All deaths 1.02 0.78–1.35 0.87 1.03 0.77–1.39 0.83

All malignant neoplasms 1.15 0.68–1.93 0.60 1.23 0.71–2.11 0.46

Pancreatic cancera – – – –

Brain and other CNS cancerb 1.15 0.14–9.47 0.90 1.11 0.12–10.4 0.93

Cancer of the bronchus, trachea and lung 1.19 0.36–3.88 0.78 1.04 0.28–3.78 0.96

All cancers except bronchus, trachea and lung 1.16 0.65–2.07 0.62 1.32 0.73–2.40 0.37

Ischaemic heart diseasec 1.32 0.83–2.10 0.24 1.47 0.91–2.39 0.12

Estimates of relative risks (RR) and 95% confidence intervals for lifetime cumulative exposure to 1,000 ppm-years methylene chloride
a Too few cases for analysis
b Calendar period not included
c Model also includes term for time since hire
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have limited the ability of these studies to detect an effect

of exposure to methylene chloride on the risk of lung

cancer. The current investigation also provided no evidence

of an increased risk of liver cancer or support for the excess

of biliary cancer reported in one group of cellulose triac-

etate fibre workers (Lanes et al. 1993). The excess of bil-

iary cancer was not replicated in another highly exposed

group of fibre workers (Gibbs et al. 1996) or in the other

cohorts of photographic film workers (Hearne and Pifer

1999).

A suggestive excess of pancreatic cancer was reported

in the first study of one of the cohorts of Rochester film

workers, but Hearne and Pifer (1999) reported no new

cases in the most recent update (8 observed and 5.3

expected), and there was no excess in the overlapping

cohort of photographic film workers (5 observed and 5.5

expected). The present study and the two studies of

highly exposed fibre production workers (Lanes et al. 1993;

Gibbs et al. 1996) provide no support for an association

between pancreatic cancer and exposure to methylene

chloride.

An association between astrocytic brain cancer and

exposure to methylene chloride was reported in a case–

control study of astrocytic brain cancer and occupational

exposure to chlorinated aliphatic hydrocarbons (Heineman

et al. 1994), generating interest in this endpoint (Lynge

1999). In the current study of film workers, there was a

non-significant excess of brain cancer deaths in exposed

workers (8 observed and 4.4 expected). However, four of

these workers had minimal exposure to methylene chlo-

ride: one employee was an engineering apprentice in the

unassigned exposure group who worked for 1 month and

three had estimated cumulative exposures ranging from 1

to 27 ppm-years (a draughtsman who worked for just over

1 year, a laboratory assistant for 4 years and an employee

who performed estimation work in the engineering

department). Another worker was an electrician from the

unassigned exposure group whose job title was insuffi-

ciently precise to identify the areas worked, but it was

estimated that the mean exposure of this worker, who was

employed for 21 years, was unlikely to have exceeded

15 ppm (8 h TWA). The cumulative exposure of the three

other workers who died of brain cancer was estimated to

range from 189 to 572 ppm-years. When the alternative

cut-off points of 36.4 and 299.1 ppm-years were used, an

excess of brain cancer deaths was only observed in the

lowest (SMR = 226; 95% CI 47–663 and 3 observed) and

highest cumulative exposure categories (SMR 328; 95% CI

40–1,188 and 2 observed). There was no significant trend

with cumulative exposure whichever set of cut-off points

were used for analysis. Non-significant excesses of brain

cancer were also reported among workers in both of the

overlapping cohorts of Rochester photographic film

workers cohorts; 6 observed and 2.8 expected in the

1946–1970 Methylene Chloride cohort, and 4 observed and

2.1 expected in the 1964–1970 Roll Coating cohort, but it

was noted that two of the subjects had only worked in a

methylene chloride environment for a relatively short

period, and there was no evidence of a dose-related trend

based on cumulative exposure (Hearne and Pifer 1999).

Hence, the small and non-significant excesses of brain

cancer mortality in the Brantham and Rochester cohorts of

film workers do not appear to be related to methylene

chloride exposure, and no support for such an association

was provided by the studies of more highly exposed textile

fibre workers (Lynge 1999; Hearne and Pifer 1999).

Because methylene chloride is metabolised to carbon

monoxide and induces the formation of carboxyhaemo-

globin, a role for methylene chloride in the induction of

ischaemic heart disease is plausible (Stewart et al. 1972).

Tomenson et al. (1997) reported higher mortality due to

ischaemic heart disease among exposed workers than

among unexposed workers, but the reverse was true in this

update. In the case of ischaemic heart disease, it has been

suggested that the cardiovascular effects of exposure to

carbon monoxide may be acute and reversible (Kristensen

1989), and any effect would be concentrated in active

employees. The updated study provides no new informa-

tion about cardiovascular risk in active employees as pro-

duction had already ceased at the plant when the first study

was conducted. The SMR for ischaemic heart disease

decreased to 83 (SMR = 94 calculated using local mor-

tality rates) when the analysis was restricted to active

exposed employees (including any deaths that occurred

within 1 month of the end of employment). A suggestion of

a trend in ischaemic heart disease with cumulative expo-

sure was found in the Cox regression for assigned exposure

workers, but this was not significant. This was partly due to

the very low mortality among workers in the lowest

cumulative exposure group (\400 ppm-years), which was

lower than among unexposed workers. However, mortality

from ischaemic heart disease was also elevated among

workers in the highest cumulative exposure group

(C800 ppm-years) in both the first study and the update,

although mortality was close to expected during the update

period. There was no evidence of an acute effect in workers

in the highest cumulative exposure group as Tomenson

et al. (1997) reported that no in-service deaths due to

ischaemic heart disease occurred in this group. Reduced

mortality from ischaemic heart disease was reported among

workers in all of the other four cohorts of workers exposed

to methylene chloride (Hearne and Pifer 1999). In addition,

there have been three investigations into the cardiovascular

health of some of the workers in the present cohort and the

cohort of Rock Hill fibre workers (Ott et al. 1983; Soden

1993; Cherry et al. 1981), and none reported any evidence
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of long-term damage that could be attributed to exposure to

methylene chloride.

The potential weaknesses of the study are discussed in

more detail by Tomenson et al. (1997) and include the lack

of smoking histories, personal monitoring data before 1980

and reliable area monitoring data before 1975. However,

good historical information on the casting machines and

working conditions was available, and information on the

number of incidents where workers were affected by

methylene chloride vapours was consistent with the pattern

of exposure estimated for jobs and time periods. Another

study weakness was the inability to include 30% of

exposed workers (the unassigned exposure group) in the

dose–response analyses.

Occupational cohort mortality studies are often influ-

enced by ‘the healthy worker effect’ resulting from the

employment and retention of relatively healthy individuals

when compared with the general population (McMichael

1976). This is a limitation for external mortality compari-

sons of outcomes that may directly influence workforce

selection processes such as cardiovascular diseases, dia-

betes mellitus and non-malignant respiratory diseases

(Monson 1986), but its effect can be overcome by the use

of a suitable internal reference group as in this study. A

healthy worker effect was observed in this study with

deaths among exposed workers from all causes of death

significantly lower than in the local population (SMR 88).

However, much of the reduction was due to the low mor-

tality from lung cancer (SMR 55) and reduced mortality

from other types of malignant neoplasms (SMR 84).

Deaths from causes other than malignant neoplasms were

not significantly reduced (SMR 93).

In conclusion, this study provides no evidence of

increased mortality related to exposure to methylene

chloride. An increased SMR for ischaemic heart disease in

the highest cumulative exposure group was observed, but

there was no evidence that risk was increased while

workers were exposed to methylene chloride and poten-

tially experienced decreases in the arterial oxygen content

of their blood. Although this study, like others, did not

provide any compelling evidence of an increased risk of

cardiovascular disease, the restrictions on smoking at

workstations may have limited the ability of all of these

studies to detect an exposure-related effect on mortality

from cardiovascular disease. Overall, there was no evi-

dence of any increased carcinogenic risk in this population.

This was not simply due to a reduced incidence of lung

cancer resulting from a low prevalence of smoking in the

cohort. Mortality from cancers other than lung cancer was

less than expected (SMR 84; local rates), consistent with

the pattern reported by Hearne and Pifer (1999) for the

other four cohorts of photographic film workers and fibre

workers (SMR range 83–95). A small excess of brain

cancer deaths was observed, but there was no evidence that

this was related to methylene chloride exposure.
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