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Examination of excess mortality from malignant neoplasms of
laundry and dry-cleaning workers: survey of a 24-year follow-up

Shunichi Hikita, Akizumi Tsutsumi

Kitasato University Graduate School of Medicine Sciences

Objective: Because of the focus on increased deaths from malignant neoplasms among laundry and
dry-cleaning workers, we investigated the relationship between the organic solvents used and deaths
from malignant neoplasms.
Methods: Subjects were 1,585 laundry and dry-cleaning workers who subscribed to the mutual life
insurance system and died during the 24-year period from 1981 to 2004.  We compared statistics on
their deaths with deaths in the general Japanese population.  Also examined were organic solvents
mainly used in 3 time periods during 24 years.
Results: In both genders, the frequency of malignant neoplasms as the cause of death was significantly
higher in laundry workers than in the general Japanese population.  Death by cancer of the mouth and
pharynx, stomach, rectum, liver, and pancreas in male laundry workers and of the stomach and colon
in female laundry workers had significantly increased.  Some malignant neoplasms appeared to
increase in relation to carcinogenic organic solvents used in the pre- and immediate periods.  We also
found an increase in cancer deaths that could not be explained by the current knowledge of organic
solvent mechanisms.
Conclusions: Organic solvents used in dry cleaning may influence the cause-of-death pattern from
malignant neoplasms among laundry workers, however other mechanisms might also play a role.
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Introduction

t is not rare that workers are exposed to a variety of
chemicals, such as solvent compounds even in the

industrial world.  In particular, organic solvents are widely
used for manufacturing and are used in paint, printing
ink, and glues, manufacturing and processing of synthetic
resins, the degreasing and rinsing of metals, and dry
cleaning.

Dry-cleaning workers, who were presumably exposed
to tetrachloroethylene and trichloroethylene, frequently
died of renal cell carcinoma, bladder cancer, and head
and neck malignant tumors.1-4  It is also suggested that
long-term, low-dose exposure to 1-1-1-trichloroethane
increases the incidence of malignant tumors, such as liver
cancer, renal cell carcinoma, and lung cancer.5  In Japan,
the dry-cleaning business began in 1907, with benzene
as the most common solvent used.  Due to a new
regulation on the use of dry-cleaning solvents,
tetrachloroethylene was developed in 1928.  In the 1960s,

t r i ch lo roe thy lene  and  f luo r ina ted  so lven t s
(chlorofluorocarbon-113), which were much less toxic
and volatile, and lipophilic dry-cleaning detergents were
developed.  Trichloroethane, which was even less toxic
than the previously mentioned solvents and had better
detergency and allowed for drying in dehumidified air,
was developed in 1973.6  Since the period of economic
growth, five kinds of dry-cleaning solvents have been
used: petroleum solvents, tetrachloroethylene,
trichloroethylene, chlorofluorocarbon-113, and 1-1-1-
trichloroethane.  However, the use of tetrachloroethylene
was regulated in 1984, because it was found to be a cause
of underground water contamination. Use of
chlorofluorocarbon-113 was regulated in 1988 because
it was found to contribute to the destruction of the ozone
layer.  Subsequently, new petroleum solvents appeared
that accounted for as much as 86.3% of solvents used for
dry cleaning in 2004.

Epidemiologic surveys of laundry workers have been
extremely rare.  To the best of our knowledge, there has
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been only one study on causes of death in laundry workers
in Japan.1  Focusing on the increased deaths from
malignant neoplasms among laundry workers,2 we
investigated the relationship of these deaths with the
organic solvents used.  The objective in the present study
was to determine if there was a relationship between
organic solvents and deaths from malignant neoplasms
by examining whether a tendency toward increased deaths
from malignant neoplasms among laundry workers exists
by comparing on deaths in these workers with deaths in
the general Japanese population.  We also examined these
death statistics to determine possible relations to changes
in organic solvents used for dry cleaning.

Subjects and Methods

Of all the union members of the All Japan Laundry &
Drycleaning Association, 1,595 who subscribed to the
mutual life insurance system for as long as 24 years from
fiscal 1981 through fiscal 2004 and died were the subjects
of the present study.  The primary diseases as the causes
of death were investigated and their relationship with
organic solvents were examined.  The causes of death
were surveyed based on documents from the mutual life
insurance with the attachment of the death certificates of
those who died during that 24-year period.  The causes of
death were classified according to the 1978 International
Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) published by the World Health
Organization.  With regard to private information on the
death certificates, the names and addresses (except the
prefectures) were deleted.  The All Japan Laundry &
Drycleaning Association revised the system of mutual
life insurance and excluded those who were 75 years or
older from the system beginning April 1, 1997.  Therefore,
those who were 75 years or older when they died were
not included as study subjects of the present study; and
because there were few union members younger than 40
years old who died, the subjects of the present study
were individuals who deceased between 40 and 74 years
of age.

The cause-of-death structure should be analyzed based
on mortality within the mutual insurance system if an
accurate number of subscribers to the mutual life
insurance system were known.  However, we did not
have that information, so the standardized proportional
mortality ratio (SPMR) was calculated for analysis based
only on the number of deaths and causative diseases in
laundry workers.  For comparison of the distribution of
causes of death between the subjects and the general
population in Japan, the expected values for deaths were

calculated based on the number of deaths from each cause
in 5-year age brackets from 40 to 74 years in the 24-year
period from 1981 through 2004 in male and female
residents in Japan.

Results were specifically analyzed according to
cumulative deaths from stage II neoplasms, a major
disease category, throughout the 24-year period among
laundry workers. Observed deaths (O), expected deaths
(E), and SPMR of O/E from cancer at major sites were
calculated.  SPMR indicates the ratio of observed deaths
divided by expected deaths (O/E), and when the SPMR
is ≥1, the proportion of deaths from malignant neoplasms
is considered higher in laundry workers than that in the
general Japanese population.

Because of changes in organic solvents as described
in the Introduction, the causes of death during the 24
years from 1981, when the survey started, through 2004
are listed separately for three 8-year periods: Period I,
from 1981 to 1988; Period II, from 1989 to 1996; and
Period III, from 1997 to 2004.  During Period I, petroleum
solvents, tetrachloroethylene, and trichloroethylene were
the mainstream solvents based on the number of dry-
cleaning machines in the business; in Period II,
chlorofluorocarbon-113 and 1-1-1-trichloroethane
became prevalent; and in Period III, petroleum solvents
became mainstream again.  Data as to changes in the
cause-of-death structure over the 3 time periods were
collected and analyzed according to gender.

The present study was performed according to the
Declaration of Helsinki and was approved by the ethical
committee of Kitasato University.

Results

Table 1 shows deaths from malignant neoplasms of major
organs in male laundry workers.  In the 24 years from
1981 through 2004, there were 727 deaths.  The SPMR
was 1.45, and the frequency of deaths from all malignant
neoplasms was higher than that in the general Japanese
population.  Of cancers in major organs, SPMR was
significantly higher than 1 in the mouth and pharynx at
2.75, stomach at 1.55, rectum at 1.77, liver at 1.51, and
pancreas at 1.69.  Although without significance, the
SPMR was higher than 1.5 for the gallbladder at 1.57,
pharynx at 1.76, pleural mesothelioma at 5.15, and brain
tumor at 2.33.

Table 2 shows the SPMR of cancer deaths in major
organs in male laundry workers from Periods I to III.
SPMR tended to be high at 1.83 in Period I and in Period
III at 2.80 and significantly high at 3.80 in Period II for
malignant neoplasms of the mouth and pharynx.  In
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Table 1.  Major cancer deaths in male laundry workers and the Standardized
Proportional Mortality Ratio (SPMR) (nationwide, fiscal 1981-2004)

Cause of death O E O/E ratio 95% CI

Stage II Neoplasm (ICD-9-CM) 727 499.95 1.45 1.35-1.66
  Mouth, pharynx (140-149)   23     8.36 2.75 1.74-4.13
  Esophagus (150)   26   22.96 1.13 0.74-1.66
  Stomach (151) 165 106.58 1.55 1.32-1.80
  Colon (153)   44   29.82 1.48 1.07-1.98
  Rectum (154)   37   20.90 1.77 1.25-2.44
  Liver (155)   96   63.79 1.51 1.22-1.84
  Gallbladder (156)   29   18.50 1.57 1.05-2.25
  Pancreas (157)   46   27.24 1.69 1.24-2.25
  Larynx (161)     5     2.85 1.76 0.57-4.10
  Lung (162) 144 100.54 1.43 1.21-1.69
  Pleural mesothelioma (163)     2     0.39 5.15 0.62-18.60
  Prostate (185)   20   15.90 1.26 0.77-1.94
  Bladder (188)     9     8.24 1.09 0.50-2.07
  Kidney, ureter (189)   11     7.77 1.42 0.71-2.53
  Brain tumor (191)     6     2.58 2.33 0.86-5.07
  Lymphoma (200-202)   17   11.87 1.43 0.83-2.29
  Myeloma (203)     4     4.15 0.96 0.26-2.47
  Leukemia (204-208)   11   11.71 0.94 0.47-1.68

O, Observed deaths; E, Expected deaths; 95% CI, 95% confidence interval;
ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical
Modification. Expected deaths were calculated based on the "Statistics on
pupulation dynamics" by the then Ministry of Health and Welfare from 1981
through 1988.

Table 2.  Major cancer deaths in male laundry workers and the Standardized Proportional Mortality Ratio (SPMR) (nationwide)

Phase I (fiscal 1981-1988) Phase II (1989-1996) Phase III (1997-2004)
Cause of death

O E O/E ratio 95% CI O E O/E ratio 95% CI O E O/E ratio 95% CI

Stage II Neoplasm (ICD-9-CM) 222 164.46 1.35 1.18-1.54 276 181.83 1.52 1.34-1.71 229 143.79   1.59 1.39-1.81
  Mouth, Pharynx (140-149)     4     2.19 1.83 0.50-4.69   11     2.89 3.80 1.90-6.80     8     2.86   2.80 1.21-5.52
  Esophagus (150)     9     7.33 1.23 0.56-2.33     8     8.20 0.98 0.42-1.92     9     6.85   1.31 0.60-2.49
  Stomach (151)   70   44.39 1.58 1.23-1.99   60   37.99 1.58 1.21-2.03   35   25.48   1.37 0.96-1.91
  Colon (153)     9     7.90 1.14 0.52-2.16   13   11.19 1.16 0.62-1.99   22     9.50   2.32 1.45-3.51
  Rectum (154)   13     6.65 1.96 1.04-3.35   16     7.60 2.10 1.20-3.42     8     6.15   1.30 0.56-2.56
  Liver (155)   26   19.54 1.33 0.87-1.95   44   24.27 1.81 1.32-2.43   26   18.46   1.41 0.92-2.06
  Gallbladder (156)   11     5.57 1.98 0.99-3.54     9     7.00 1.29 0.59-2.44     9     5.45   1.65 0.76-3.14
  Pancreas (157)   11     8.48 1.30 0.65-2.32   12     9.95 1.21 0.62-2.11   23     8.10   2.84 1.80-4.26
  Larynx (161)     0     1.09 0.00 0.00-3.40     5     1.01 4.95 1.61-11.50     0     0.74   0.00 0.00-4.96
  Lung (162)   39   29.69 1.31 0.93-1.80   59   37.14 1.59 1.21-2.05   46   30.58   1.50 1.10-2.01
  Pleural mesothelioma (163)     0   0.11 0.00 0.00-35.10     0     0.17 0.00 0.00-22.40     2     0.11 18.52 2.24-66.90
  Prostate (185)     7   3.62 1.93 0.78-3.99     5     5.44 0.92 0.30-2.15     8     5.81   1.38 0.59-2.71
  Bladder (188)     2   2.52 0.79 0.10-2.86     5     2.87 1.74 0.57-4.07     2     2.58   0.78 0.09-2.80
  Kidney, ureter (189)     5   2.11 2.38 0.77-5.54     3     2.82 1.07 0.22-3.11     3     2.52   1.19 0.25-3.48
  Brain tumor (191)     2   0.74 2.69 0.33-9.71     3     1.15 2.61 0.54-7.64     1     0.65   1.54 0.04-8.57
  Lymphoma (200-202)     2   3.84 0.52 0.06-1.88     5     4.21 1.19 0.39-2.77   10     3.54   2.83 1.36-5.20
  Myeloma (203)     1   1.21 0.83 0.02-4.60     2     1.49 1.34 0.16-4.84     1     1.30   0.77 0.02-4.29
  Leukemia (204-208)     3   4.37 0.69 0.14-2.01     3     4.19 0.72 0.15-2.09     5     3.10   1.61 0.52-3.77

O, Observed deaths; E, Expected deaths; 95% CI, 95% confidence interval; ICD-9-CM, International Classification of Diseases, Ninth
Revision, Clinical Modification. Expected deaths were calculated based on the "Statistics on pupulation dynamics" by the then Ministry
of Health and Welfare from 1981 through 1988.
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Table 3.  Major cancer deaths in female laundry workers and the Standardized
Proportional Mortality Ratio (SPMR) (nationwide, fiscal 1981-2004)

Cause of death O E O/E 95% CI

Stage II Neoplasm (ICD-9-CM) 215 131.18 1.64 1.43-1.87
  Mouth, pharynx (140-149)     2     1.28 1.57 0.19-5.66
  Esophagus (150)     3     1.81 1.66 0.34-4.84
  Stomach (151)   42   24.09 1.74 1.26-2.36
  Colon (153)   22   11.43 1.92 1.21-2.91
  Rectum (154)   10     5.31 1.88 0.90-3.45
  Liver (155)   16     9.99 1.60 0.92-2.60
  Gallbladder (156)   14     9.23 1.52 0.83-2.55
  Pancreas (157)   10     8.65 1.16 0.55-2.13
  Larynx (161)     0     0.12 0.00 0.00-31.80
  Lung (162)   24   14.63 1.64 1.05-2.44
  Pleural mesothelioma (163)     0     0.06 0.00 0.00-61.50
  Breast (174)   17     9.13 1.86 1.08-2.98
  Uterus (179)     3     2.85 1.05 0.22-3.08
  Uterine neck (180)     4     2.69 1.49 0.41-3.81
  Uterine body (182)     4     1.03 3.89 1.06-9.95
  Ovary (183)   10     4.69 2.13 1.02-3.92
  Bladder (188)     3     1.48 2.02 0.42-5.92
  Kidney, ureter (189)     2     1.56 1.29 0.16-4.64
  Brain tumor (191)     3     0.69 4.36 0.90-12.70
  Lymphoma (200-202)     6     3.22 1.86 0.68-4.06
  Myeloma (203)     3     1.56 1.92 0.40-5.62
  Leukemia (204-208)     4     3.32 1.20 0.33-3.08

O, Observed deaths; E, Expected deaths; 95% CI, 95% confidence interval;
ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical
Modification. Expected deaths were calculated based on the "Statistics on
pupulation dynamics" by the then Ministry of Health and Welfare from 1981
through 1988.

malignancy of the stomach, SPMR was significantly high
at 1.58 in Periods I and II and tended to be high at 1.37 in
Period III.  In malignant neoplasms of the colon, the
SPMR was 1.14 in Period I and 1.16 in Period II and was
higher with significance at 2.32 in Period III.  Regarding
liver cancer, SPMR was 1.33 in Period I, 1.81 in Period
II, and 1.41 in Period III, with significance only shown in
Period II.  Regarding the pancreas, SPMR was 1.98 in
Period I, 1.21 in Period II, and was significantly higher at
2.84 in Period III.  In cases of lung cancer, SPMR was
1.31 in Period I, 1.59 in Period II, and 1.50 in Period III,
with significance only in Period II.

There were 215 cumulative deaths from cancer of
major organs in female laundry workers in the 24-year
period with a SPMR of 1.64.  Similar to males, the
frequency of cancer deaths was larger than that in the
general Japanese population (Table 3).  Regarding major
cancer sites, SPMR was significantly higher at 1.74 for
the stomach and 1.93 for the colon. Although the

difference was not significant, the SPMR was higher
than 1.5 at 1.57 for the mouth and pharynx, 1.88 for the
rectum, 1.60 for the liver, 1.52 for the gallbladder, 1.64
for the lung, 1.86 for the breast, 3.89 for the uterus, 2.13
for the ovary, 2.02 for the urinary bladder, 4.36 for the
brain, 1.86 for lymphoma, and 1.92 for myeloma.

Table 4 shows the causes of death from malignant
neoplasms in major organs among female laundry
workers in Periods I through III.  During 24 years, SPMR
was significantly higher for the stomach at 1.56 in Period
I, 1.76 in Period II, and 1.66 in Period III.  Similarly, in
cases of colon cancer, the SPMR was 2.24 in Period I,
0.74 in Period II, and 4.35 in Period III, exceeding 1.5 by
a large margin in Periods I and III with a significant
difference in Period III.  Considering malignant neoplasm
of the rectum, the SPMR was 1.65 in Period I, 0.53 in
Period II, and 5.16 in Period III; the SPMR was lower
than 1 by a large margin in Period II but was significantly
larger than 1 in Period III.

Hikita, et al.
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Discussion

Since an association between organic solvents and cancer
death has been poorly investigated epidemiologically,
we investigated 1,585 members of the All Japan Laundry
& Drycleaning Association who subscribed to mutual
life insurance for as long as 24 years from 1981 through
2004 and had deceased.  In both genders, a 24-year follow-
up demonstrated that death from all malignant neoplasms
was more frequently observed among laundry workers
than in the general Japanese population.  The main causes
of death during the 24 years were cancers of the mouth
and pharynx, stomach, rectum, liver, and pancreas in
males and of the stomach and colon in females.

Among malignant neoplasms of major organs, cancer
most often developed in the stomach in males in Period I,
whereas no cancer developed significantly more
frequently in females in Period I.  Despite no significant
difference, deaths from cancers of the mouth and pharynx,
liver, and lung tended to be frequently observed in Period
I.  Deaths by cancer of the mouth and pharynx, stomach,

Table 4.  Major cancer deaths in female laundry workers and the Standardized Proportional Mortality Ratio (SPMR) (nationwide, fiscal
1981-2004)

Phase I (fiscal 1981-1988) Phase II (1989-1996) Phase III (fiscal 1997-2004)
Cause of death

O E O/E ratio 95%  CI O E O/E ratio 95% CI O E O/E ratio 95% CI

Stage II Neoplasm (ICD-9-CM) 99 57.00 1.74 1.40-2.10 70 46.33 1.51 1.18-1.91 47 24.66   1.91 1.40-2.53
  Mouth, Pharynx (140-49)   0   0.44 0.00 0.00-8.36   2   0.45 4.43 0.54-16.00   0   0.29   0.00 0.00-12.60
  Esophagus (150)   1   0.85 1.17 0.03-6.52   1   0.64 1.56 0.04-8.72   1   0.32   3.10 0.78-17.20
  Stomach (151) 21 13.47 1.56 0.97-2.38 15   8.51 1.76 0.99-2.91   6   3.62   1.66 0.61-3.61
  Colon (153)   9   4.01 2.24 1.03-4.26   3   4.04 0.74 0.15-2.17 10   2.30   4.35 2.01-7.69
  Rectum (154)   4   2.42 1.65 0.45-4.23   1   1.88 0.53 0.01-2.97   5   0.97   5.16 1.68-12.00
  Liver (155)   8   3.67 2.18 0.94-4.29   5   3.53 1.42 0.46-3.31   3   2.12   1.42 0.29-4.15
  Gallbladder (156)   6   3.82 1.57 0.58-3.42   8   3.26 2.45 1.06-4.84   0   1.10   0.00 0.00-2.18
  Pancreas (157)   1   3.22 0.31 0.01-1.73   8   3.06 2.62 1.13-5.16   1   1.78   0.56 0.01-3.12
  Larynx (161)   0   0.07 0.00 0.00-55.10   0   0.04 0.00 0.00-90.00   0   0.02   0.00 0.00-205.00
  Lung (162) 14   5.50 2.55 1.39-4.27   7   5.17 1.36 0.55-2.79   3   2.98   1.01 0.21-2.95
  Pleural mesothelioma (163)   0   0.02 0.00 0.00-176.00   0   0.02 0.00 0.00-176.00   0   0.01   0.00 0.00-335.00
  Breast (174)   5   3.51 1.42 0.46-3.33   6   3.23 1.86 0.68-4.05   6   1.88   3.20 1.17-6.96
  Uterus (179)   2   1.97 1.01 0.12-3.66   1   1.01 1.00 0.03-5.54   0   0.34   0.00 0.00-10.90
  Uterine neck (180)   3   1.27 2.36 0.49-6.90   0   0.95 0.00 0.00-3.88   1   0.48   2.09 0.05-11.60
  Uterine body (182)   0   0.31 0.00 0.00-11.80   1   0.36 2.75 0.07-15.30   3   0.24 12.40 2.56-36.20
  Ovary (183)   6   1.94 3.09 1.14-6.74   1   1.71 0.58 0.02-3.25   3   0.87   3.44 0.71-10.10
  Bladder (188)   3   0.58 5.16 1.06-15.10   0   0.52 0.00 0.00-7.04   0   0.31   0.00 0.00-12.00
  Kidney, ureter (189)   2   0.53 3.81 0.46-13.80   0   0.55 0.00 0.00-6.71   0   0.35   0.00 0.00-10.70
  Brain tumor (191)   1   0.29 3.44 0.09-19.10   1   0.24 4.12 0.10-22.90   1   0.13   7.63 0.19-42.50
  Lymphoma (200-202)   2   1.23 1.62 0.20-5.85   2   1.14 1.76 0.21-6.35   2   0.67   2.99 0.36-10.80
  Myeloma (203)   1   0.56 1.80 0.05-10.00   2   0.55 3.63 0.44-13.10   0   0.33   0.00 0.00-11.10
  Leukemia (204-208)   1   1.59 0.63 0.02-3.50   2   1.17 1.71 0.21-6.16   1   0.58   1.73 0.04-9.66

O, Observed deaths; E, Expected deaths; 95% CI, 95% confidence interval; ICD-9-CM, International Classification of Diseases, Ninth
Revision, Clinical Modification. Expected deaths were calculated based on the "Statistics on pupulation dynamics" by the then Ministry
of Health and Welfare from 1981 through 1988.

Examination of excess mortality from malignant neoplasms of laundry and dry-cleaning workers

liver, and lung were significantly more frequent in males
in Period II, while a malignant neoplasm was not more
frequently observed with significance in any organ as
the cause of death in females in Period II.  Malignant
neoplasms of major organs as a cause of death occurred
significantly more frequently in the colon and pancreas
in males and the colon and rectum in females in Period
III.

Other than petroleum solvents, tetrachloroethylene
and trichloroethylene were used frequently in Period I.
In terms of tumor formation, it has been suggested from
epidemiologic studies that tetrachloroethylene is
associated with the occurrence of renal cell carcinoma,
bladder cancer, and head and neck malignant tumors,2-4

and non-Hodgkin's lymphoma, pharyngeal cancer, lung
cancer, and renal cell carcinoma in females.6  Similarly,
long-term, low-dose exposure to trichloroethylene is also
associated with the risk of liver cancer and renal cancer.5

Collectively, despite the lack of significant differences,
excess mortality from cancer of the mouth and pharynx,
the liver, and the lung was observed in males in Period I.
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Significant excess mortality from malignant neoplasms
in these sites in Period II and findings in previous studies
led to the conclusion that these organic solvents used in
Period I were possibly associated with excess mortality
from malignant neoplasms in laundry workers.

It has been suggested that tetrachloroethylene causes
acute neurotoxic symptoms by inhalation and contact as
the route of exposure, and it has been associated of the
risk of liver and renal cancer by long-term, low-dose
exposure.5  As to the effect of organic solvents on the
liver, it has been noted that organic solvents, once
incorporated into hepatocytes, are metabolized by the
microsome enzymes in the hepatocytes and that the
metabolites impair the membrane structure of
hepatocytes, leading to hepatocellular carcinoma.7  Most
organic solvents that impair the liver are thought to also
adversely affect the kidneys by injuring the renal tubules,
which might induce renal cell carcinoma.4

Increased deaths from gastric and colon cancer were
observed in Period I.  Benign pneumatosis cystoides
intestinalis2 presenting with mucous and blood in the
stool is one of the characteristic diseases that occur in
workers exposed to tetrachloroethylene, but the causal
relationship, if any, with gastrointestinal malignant
neoplasms, such as gastric and colon cancer, in laundry
workers remains to be elucidated.  It was reported that
tetrachloroethylene was absorbed into the lungs and the
gastrointestinal tract in the process of exposure to organic
solvents.8  This mechanism induces gastritis and enteritis,
but it is necessary to further investigate whether it also
induces cancer.  It is known that trichloroethylene is
mutagenic, but evidence in vivo is uncertain.9  However,
since colorectal cancer, in particular, occurs due to a
variety of genetic mutations and most carcinogens that
cause genetic mutations have no threshold for
carcinogenesis, except the activity of promoting cancer,
it is necessary to explore the relationship between
trichloroethylene and genetic mutations.

Because toxicity from tetrachloroethylene was
suggested in Period III, an alternative solvent, 1-1-1-
trichloroethane, replaced it.  The relationship between
tetrachloroethylene and increased deaths from liver cancer
in males was suggested.  Our results showing that the
occurrence of cancer of the mouth and pharynx, the liver,
and the lung was significantly more frequent in Period II
were potentially attributable to the influence of a latent
period until the onset of cancer due to exposure to
tetrachloroethylene and trichloroethylene, the organic
solvents used in Period I.  Sensory disorders (taste and
smell) indicating higher brain dysfunction and trigeminal
paralysis as a peripheral nerve injury were reported to be

caused by 1-1-1-trichloroethane,5 while there has been
no report on association between 1-1-1-trichloroethane
and gastrointestinal cancer.  Among organic solvents used
in Period II, fluorinated solvents (chlorofluorocarbon-
113) were regulated because of the high ozone depletion
coefficient, but there has been no evidence to date of a
relationship between direct exposure to fluorinated
solvents and carcinogenesis.

In Period III, petroleum solvents were predominantly
used.  The proportion of the use of the new petroleum
solvents steadily increased as they became commercially
available beginning in 1993, and it was presumed that
their use would increase even further because there was
no restriction on their production, unlike with other
solvents.  Petroleum solvents have been associated with
contact dermatitis as an acute toxicity, and central nervous
symptoms such as headache and dizziness may be
induced, but carcinogenicity has not been recognized.
However, it is necessary to monitor increased deaths
from cancer of the colon, rectum, and pancreas over a
long period.

A previous study found no significant increase in total
deaths from malignant neoplasms among 1,711 members
who subscribed to the mutual life insurance system of
the All Japan Laundry & Drycleaning Association during
the 10 years from 1971 through 1980.10  Blair et al. found
a significant difference in the occurrence of liver cancer
in a survey of causes of death in 1,292 Caucasian males
who were members of a union of metal finishers in the
United States and died during the 19 years from 1951 through
1969, and suggested a relationship between the cancer
death with tetrachloroethylene and trichloroethylene.11

These two reports suggested that a long-term latent period
before the onset of cancer influenced the difference in
observational results.  A long follow-up period is needed
before the relationship between the laundry business and
not only liver cancer but also colon and rectal cancer can
be proved or disproved.

Regarding changes surrounding the laundry business,
the number of laundry workers did not correlate with
changes in the working population in Japan and gradually
decreased from 1981 due to the decrease in general
laundries.  Because household consumer spending peaked
in 1997 and gradually decreased thereafter, yearly
spending on laundry per household peaked at 1992,
followed by a gradual decline.  Although improved
capacity of home washing machines was influential,
demand for laundry services was sensitive to changes in
the economy, and the cost fluctuated greatly.10  It was
speculated that environmental factors and structural
problems due to the recent recession might have had an
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impact on increased deaths from malignant neoplasms in
laundry workers.12,13

There are two major limitations in this study.  One is
that change in the cause of death was examined by indirect
markers, because the number of union members of the
All Japan Laundry & Drycleaning Association, the
background group of the study, was not accurately
evaluated.  The other limitation is that confounding factors
related to death from a malignant neoplasm were not
examined.  It was reported that death from liver disease
among laundry workers, even after exclusion of those
with lifestyle habits such as alcohol drinking and smoking,
was significantly more frequently observed than in the
general population.1,14  Therefore, lifestyle factors may
not have a large confounding influence.  However, since
most occurrences of malignant neoplasms in the mouth
and pharynx, stomach, rectum, liver, pancreas, and colon
are, to a certain degree, related to socioeconomic status
other than confounding factors such as drinking and
smoking, i t  is desirable to take into account
socioeconomic status, such as income other than the
survey of the primary disease based on death certificates.
Furthermore, the observed gender differences may
potentially be attributable to differences in the work in
which they are engaged.  Females are generally in charge
of work at the counter of the laundry shop, while males
are in charge of dry cleaning work.  Therefore, it is
presumed that frequency and degrees of exposure to
organic solvents are greatly different between males and
females.  It is necessary to survey detailed information
on work styles as well as biological differences in
susceptibility to organic solvents, including those of the
endocrine systems, between males and females.

The results of this study suggested a relationship
between organic solvents mainly used for dry cleaning
and the cause-of-death pattern due to malignant
neoplasms in laundry workers. However, considering the
long latent period between an exposure and the
development of a malignant neoplasm as well as the
increased deaths from malignant neoplasms that cannot
be explained by current findings, it is necessary to
investigate not only the chemicals used for dry cleaning
but also social factors over a long period.
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