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Scrotal cancer among young British chimney
sweeps was first noted in 1775 in a classic
report by Sir Percivall Pott, an English sur-
geon.1 At that time, young boys were sent
naked up the narrow chimneys, and Pott was
inclined to blame the origin of the malignancy
on the lodging of soot in the rugae of the
scrotum. This observation is usually regarded
as the first published description of an occu-
pational cancer and, together with several later
reports, resulted in preventive measures,
mainly improved clothing and hygiene. How-
ever, it took more than 200 years before other
aspects of the health of chimney sweeps were
systematically studied and reported.

In 1982, the first findings from our initial
epidemiological cohort study of 2071 Swedish
chimney sweeps were published, showing in-
creased mortality from several types of cancer,
ischemic heart disease, diseases of the respira-
tory system, and accidents, injuries, or other
external causes.2 Follow-up studies (in 1987
and 1993) of an expanded cohort confirmed
the initial findings on mortality.3,4 The 1993
study also demonstrated increased risks of
cancer incidence.4 In the third, most recent
update of mortality, we extended follow-up by
16 years, updated the employment histories,
and added more than 1000 chimney sweeps
first employed after 1980.5 Results demon-
strated significantly increased all-cause mor-
tality, with 1841 observed deaths and a stan-
dardized mortality risk ratio of 1.29 (95%
confidence interval [CI] = 1.24, 1.36). More-
over, cause-specific mortality was significantly
increased for ischemic heart disease, nonma-
lignant respiratory diseases, alcoholism, liver
cirrhosis, and external causes and suicides, as
well as for all malignant tumors combined and
for esophageal, bowel, liver, and lung cancer.

Increased risks of various cancer types,6,7

ischemic heart disease,8 and asthma9 among
chimney sweeps have also been observed in
other studies. A recent large Nordic record-
linkage study of occupation and cancer showed

increased risks of cancer of the lung, esopha-
gus, pharynx, bladder, pancreas, and colon
among chimney sweeps.10,11

Traditional chimney sweeping (“black
sweeping”) includes removing soot from chim-
neys and connecting pipes, furnaces, and
boilers with brushes and scrapers. Nowadays,
some chimney sweeps also use handheld ma-
chines and collect soot during the sweeping
with vacuum cleaners. The sweeps may also be
exposed to soot while driving between 2 jobs
through contamination of their clothes as well
as contamination in the cars. After the sweep-
ing, the soot is collected in closed containers at
the back of the van, and at the end of the day
the sweeps empty these containers in desig-
nated larger containers.

Since the middle of the 20th century, chim-
ney sweeps in Sweden have gradually started
performing additional work tasks; for example,
the degreasing of kitchen ventilation equipment
and fire safety inspections (“white sweeping”).
Today, on average, Swedish chimney sweeps

spend about half of their working hours doing
black sweeping, another 25% performing
fire safety inspections, and the remaining
25% degreasing kitchen and restaurant
ventilation.12

There are no mandatory protective mea-
sures for chimney sweeps; they are supposed
to use good hygiene practices (e.g., use of
gloves, special soot vacuum cleaners for local
exhaust ventilation, and protection masks).
During normal sweeping, they usually wear
normal working clothes with long legs and
sleeves, but sometimes they wear shorts and
short-sleeved shirts.

Coal and, to a smaller degree, wood and
coke were the dominant fuels in Sweden until
the introduction of oil, beginning around
1950.13 More recently, there has been a de-
crease in the use of oil, with a return to wood
supplemented by wood pellets. The time spent
at different black sweeping tasks in 2006 was
as follows: roughly 60% for wood boilers for
residential heating, 25% for local wood stoves
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and fireplaces, 10% for oil burners, and 5%
for pellets stoves. It is estimated that this
distribution has remained unchanged for sev-
eral decades.12

Chimney soot contains several toxic agents,
including carbon particles with adsorbed poly-
cyclic aromatic hydrocarbons (PAHs), metals
(e.g., arsenic, chromium, cadmium, nickel, and
lead), combustion gases (e.g., sulfur dioxide
and carbon monoxide), and asbestos from pipe
and furnace insulation.13 In addition, chimney
sweeps are exposed to organic solvents or
alkaline mixtures, especially during the clean-
ing of restaurants. Degreasing is performed by
applying the degreasing agent as a foam and
then cleaning the ducts with lots of water,
which results in a high risk of dermal exposure
despite use of protective clothing.

Chimney sweeps’ exposure to PAHs is dif-
ferent from that of other occupational groups.
Chimney sweeps are mainly exposed to non-
volatile and high-molecular-weight PAHs in
soot, whereas workers in many other occupa-
tions (e.g., coke and gas workers) are exposed to
fresh PAHs (newly released PAHs as opposed
to PAHs in particles from months- or years-old
soot) , which has a larger content of volatile and
semivolatile PAHs.14 Furthermore, the differ-
ent fuels used for heating also influence the
PAH content in soot. The exposure to 5 PAHs
demonstrated to be carcinogenic in animals
was about twice as high in soot from solid fuels
as in soot from oil-fueled burners.15

An extensive occupational hygiene survey
performed in Sweden in 1985 and 1986
showed high dust levels during all work oper-
ations involving contact with soot.13 Average
levels of total dust during sweeping were 3, 9,
11, and 19 milligrams per cubic meter for the
4 most common sweeping operations, exceed-
ing the Swedish threshold limit value of 3
milligrams per cubic meter for most work
operations. Exposure to both PAH and benzo
(a)pyrene (BaP) was highly variable; BaP ex-
posure varied from less than detectable (about
0.2 lg/m3) to 9.1 micrograms per cubic meter
in samples from 15 chimney sweeps. Exposure
to metals and asbestos was mostly below the
respective Swedish threshold limit values.13

When we investigated chimney sweeps’
exposure levels in 2010, we found that during
chimney sweeping in private homes, the me-
dian 8-hour average was 3.8 milligrams per

cubic meter for inhalable dust. We recorded
different measures of exposure, such as
hydroxypyrene in urine as a biomarker for
PAH exposure, full-shift inhalation exposure,
dermal exposure, and peak exposures. Dur-
ing sweeping in industrial settings, exposure
could be so high that it was measured in
grams rather than milligrams per cubic me-
ters, but workers wore personal protective
equipment (H. Tinnerberg, unpublished
data, 2010). There was also considerable
dermal exposure to PAH.16

In the present study, we have updated
follow-up of cancer incidence by 19 years,
carried out in parallel with the most recent
mortality report.

METHODS

The design of the original 1982 study2 and
the recently updated mortality study5 has been
described in detail previously and is summa-
rized briefly here. We identified male Swedish
chimney sweeps who were members of the
national trade union during the period 1981 to
2006 (n = 1082) and added them to a cohort
including all chimney sweeps who were trade
union members during the years 1918 to
1980 and alive in 1958, when the Swedish
Cancer Registry was established (n = 5238).
From 1981 through 1997, occupational titles
were not registered in the databases by the
Swedish Municipal Workers’ Union; however,
most members could be identified through
local registers.5 The total cohort (n = 6320;
198 132 person-years) was linked to nation-
wide registers of cancer, causes of death, and
the total population and followed from 1958
through 2006. We studied incident primary
cancers coded in the Cancer Register according
to the International Classification of Diseases,
7th Revision (ICD-7).17 Although ICD-9 and
ICD-10 are also available, the National Board of
Health and Welfare transforms all cancer di-
agnoses to ICD-7 codes to enable study of long
trends as recommended by the International
Agency for Research on Cancer.18

We estimated standardized incidence ratios
with 95% confidence intervals,19 using the
entire Swedish male population as reference
in strata defined by calendar year and 5-year
age period. With the absence of data on ex-
posure levels, the analysis had to rely on risk in

relation to time since first exposure (latency)
and duration of exposure.20

We used number of years as an active
chimney sweep as a proxy for cumulative
exposure in analyses stratified by duration in
4 categories (0---9, 10---19, 20---29, ‡ 30 years).
We considered chimney sweeps and chimney
sweep masters to be occupationally exposed,
and we combined employment as either in
analyses stratified by duration. Ten percent of
chimney sweeps become masters. The masters
were always sweeps in early working life and
usually continued to do black sweeping. We
allocated person-years dynamically over dura-
tion categories, treating duration of employ-
ment as a time-dependent covariate.20

We calculated exposure---response associa-
tions by Poisson regression for sites that
showed indications of a positive trend in
standardized incidence ratio with duration of
employment.19 The log of the expected number
of cases in each cell of the person-years
matrix, stratified as for the standardized in-
cidence ratio analysis, was used as an offset.
We investigated the statistical significance of
employment duration by assigning scores (1---4)
to each 10-year stratum of employment dura-
tion. We included this score as a continuous
variable in the regression model.

Finally, because of the shifts in fuels and
work tasks already described, we separately
analyzed those starting their employment be-
fore (1671 men; 53 241 person-years) and
after (4649 men; 144 890 person-years) De-
cember 31, 1950, to tentatively examine risks
associated with primary exposure to wood
versus oil combustion.

We performed all statistical analyses with
SAS version 9.2 (SAS Institute Inc, Cary, NC).

RESULTS

The total number of incident cancers had
more than doubled since the 1993 study; we
observed 813 primary cancers versus the 626
expected (standardized incidence ratio [SIR] =
1.30; 95% CI = 1.21, 1.39; Table 1). We
observed significantly elevated risks for cancer
of the esophagus (SIR = 2.08; 95% CI = 1.19,
3.38), colon (SIR = 1.36; 95% CI = 1.02,
1.76), liver (SIR = 2.48; 95% CI = 1.47, 3.91),
lung (SIR = 2.14; 95% CI = 1.77, 2.56), pleura
(SIR = 3.50; 95% CI = 1.60, 6.65), and
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TABLE 1—Incidence of Cancer Among Chimney Sweeps: Sweden, 1958–2006

Total Cohort First Employed Before 1951 First Employed in 1951 or Later

Tumor Site

ICD-7

Codes

No.

Observed

No.

Expected SIR (95% CI)

No.

Observed

No.

Expected SIR (95% CI)

No.

Observed

No.

Expected SIR (95% CI)

All sites 140–209 813 625.7 1.30 (1.21, 1.39) 523 368.1 1.42 (1.30, 1.55) 290 257.6 1.13 (1.00, 1.26)

Lip 140 4 4.1 0.99 (0.27, 2.52) 3 3.0 0.99 (0.20, 2.88) 1 1.0 0.98 (0.02, 5.47)

Mouth 141–144 9 7.9 1.13 (0.52, 2.15) 6 3.9 1.53 (0.56, 3.32) 3 4.0 0.75 (0.15, 2.19)

Pharynx 145–148 9 5.7 1.57 (0.72, 2.98) 5 2.7 1.88 (0.61, 4.39) 4 3.1 1.30 (0.36, 3.34)

Esophagus (not divided

by histological type)

150 16 7.7 2.08 (1.19, 3.38) 13 4.7 2.79 (1.49, 4.77) 3 3.0 0.99 (0.20, 2.89)

Esophageal adenocarcinoma

(PAD 096)

2 2.5 0.80 (0.10, 2.89) 2 1.2 1.68 (0.20, 6.06) 0 1.3

Esophageal squamous-cell

carcinoma (PAD 146)

13 4.4 2.94 (1.57, 5.03) 10 2.9 3.43 (1.65, 6.31) 3 1.5 1.99 (0.41, 5.81)

Stomach 151 36 26.8 1.34 (0.94, 1.86) 28 20.1 1.39 (0.92, 2.01) 8 6.6 1.20 (0.52, 2.37)

Colon 153 55 40.6 1.36 (1.02, 1.76) 42 26.1 1.61 (1.16, 2.18) 13 14.5 0.90 (0.48, 1.54)

Rectum and anus 154 29 29.3 0.99 (0.66, 1.42) 19 18.3 1.04 (0.63, 1.62) 10 11.0 0.91 (0.44, 1.67)

Biliary passages and liver, primary 155 20 12.3 1.62 (0.99, 2.50) 13 8.2 1.58 (0.84, 2.70) 7 4.1 1.71 (0.69, 3.52)

Liver, primary 155.0 18 7.3 2.48 (1.47, 3.91) 11 4.7 2.32 (1.16, 4.16) 7 2.5 2.76 (1.11, 5.69)

Extrahepatic bile ducts 155.2 2 1.3 1.60 (0.19, 5.78) 2 0.8 2.35 (0.29, 8.50) 0 0.4

Pancreas 157 18 16.4 1.10 (0.65, 1.74) 12 11.0 1.09 (0.56, 1.90) 6 5.4 1.12 (0.41, 2.44)

Nose and nasal sinuses 160 1 1.4 0.71 (0.02, 3.96) 0 0.8 1 0.6 1.76 (0.04, 9.81)

Larynx 161 10 6.0 1.65 (0.79, 3.04) 6 3.8 1.59 (0.58, 3.45) 4 2.3 1.77 (0.48, 4.54)

Bronchus and lung, primary 162.1 119 55.6 2.14 (1.77, 2.56) 84 36.5 2.30 (1.84, 2.85) 35 19.2 1.82 (1.27, 2.54)

Adenocarcinoma (PAD 096) 24 12.8 1.88 (1.20, 2.80) 12 6.8 1.76 (0.91, 3.08) 12 6.0 2.01 (1.04, 3.51)

Squamous-cell carcinoma (PAD 146) 36 18.0 2.00 (1.40, 2.77) 27 13.3 2.03 (1.34, 2.96) 9 4.8 1.89 (0.87, 3.60)

Undifferentiated and small

cell carcinoma (PAD 186+196)

52 21.5 2.42 (1.81, 3.17) 40 14.3 2.79 (1.99, 3.80) 12 7.2 1.68 (0.87, 2.93)

Pleura 162.2 9 2.6 3.50 (1.60, 6.65) 8 1.3 6.19 (2.67, 12.19) 1 1.3 0.78 (0.02, 4.37)

Prostate 177 173 154.7 1.12 (0.96, 1.30) 112 96.6 1.16 (0.95, 1.40) 61 58.1 1.05 (0.80, 1.35)

Testis 178 14 10.9 1.28 (0.70, 2.16) 2 1.7 1.20 (0.15, 4.35) 12 9.2 1.30 (0.67, 2.27)

Kidney 180 27 21.8 1.24 (0.82, 1.80) 16 13.4 1.20 (0.69, 1.95) 11 8.5 1.30 (0.65, 2.32)

Urinary bladder 181.0 70 38.9 1.80 (1.40, 2.27) 54 24.6 2.19 (1.65, 2.86) 16 14.3 1.12 (0.64, 1.82)

Malignant melanoma of skin 190 20 26.8 0.75 (0.46, 1.15) 7 10.0 0.70 (0.28, 1.44) 13 16.8 0.77 (0.41, 1.32)

Skin (melanoma excluded) 191 16 21.4 0.75 (0.43, 1.22) 12 14.1 0.85 (0.44, 1.48) 4 7.2 0.55 (0.15, 1.42)

Nervous system 193 21 24.4 0.86 (0.53, 1.32) 5 9.8 0.51 (0.17, 1.19) 16 14.6 1.09 (0.63, 1.78)

Connective tissue, muscle 197 3 5.2 0.58 (0.12, 1.70) 2 2.4 0.82 (0.10, 2.95) 1 2.7 0.37 (0.01, 2.06)

Unspecified sites 199 33 18.3 1.80 (1.24, 2.53) 18 10.9 1.65 (0.98, 2.60) 15 7.4 2.03 (1.13, 3.34)

All hematopoietic cancers 200–209 75 58.1 1.29 (1.02, 1.62) 38 29.9 1.27 (0.90, 1.74) 37 28.2 1.31 (0.92, 1.81)

Malignant non-Hodgkin lymphoma 200 28 21.5 1.30 (0.87, 1.88) 13 10.6 1.23 (0.65, 2.10) 15 10.9 1.37 (0.77, 2.26)

Hodgkin disease 201 8 5.7 1.41 (0.61, 2.77) 2 2.0 0.98 (0.12, 3.53) 6 3.6 1.65 (0.60, 3.58)

Reticulosis and related forms 202 3 1.5 1.95 (0.40, 5.70) 1 0.6 1.75 (0.04, 9.78) 2 1.0 2.07 (0.25, 7.47)

Multiple myeloma plasmocytoma 203 9 8.8 1.02 (0.47, 1.93) 6 5.6 1.07 (0.39, 2.34) 3 3.2 0.92 (0.19, 2.70)

Leukemia 204–207 21 17.2 1.22 (0.76, 1.87) 13 9.3 1.40 (0.75, 2.40) 8 7.9 1.01 (0.44, 1.99)

Lymphatic leukemia 204 13 8.4 1.55 (0.83, 2.65) 6 4.9 1.23 (0.45, 2.68) 7 3.5 1.99 (0.80, 4.11)

Myeloid leukemia 205 6 7.2 0.83 (0.30, 1.80) 5 3.5 1.41 (0.46, 3.30) 1 3.7 0.27 (0.01, 1.51)

Note. CI = confidence interval; ICD-7 = International Classification of Diseases, 7th Revision; PAD = pathologic anatomic diagnosis; SIR = standardized incidence ratio. We estimated SIRs using the
Swedish male population as reference, adjusting for effects of age and calendar year.
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bladder (SIR = 1.80; 95% CI = 1.40, 2.27),
in addition to all hematopoietic cancers (SIR =
1.29; 95% CI = 1.02, 1.62) and cancers of
unspecified sites (SIR = 1.80; 95% CI = 1.24,
2.53; Table 1).

Compared with the prior update with
follow-up (1958---1987), the earlier nonsignif-
icant excesses of colon cancer, pleural malig-
nancies, and cancer at unspecified sites were
now statistically significant. The elevated in-
cidence of adenocarcinoma of the lung (SIR =
1.88) was a new finding. There was no excess
of melanoma nor nonmelanoma skin cancer

(SIR = 0.75) and not a single observed case of
scrotal cancer.

Total cancers of all sites combined demon-
strated a significant positive exposure---
response association in the analyses stratified
by duration (P< .03), and there were border-
line positive significant exposure---response
tendencies for several sites (Table 2). The trend
tests resulted in P values of .06 for bladder
cancer, .07 for prostate cancer, .09 for kidney
cancer, and .11 for colon cancer.

The latency analyses were not very infor-
mative, as chimney sweeps start their

employment at young ages, and 718 out of the
813 observed cancers were diagnosed more
than 30 years after first employment (data not
shown).

There were differences in the risk estimates
for those employed from 1951 onwards, when
oil became the dominant fuel, compared with
those first employed before 1951 (Table 1).
The total excess was only of borderline signif-
icance for the younger subcohort, and there
were no significant excesses of cancer of the
esophagus, colon, pleura, or bladder in this
subcohort. However, the excesses for lung and

TABLE 2—Incidence of Cancer Among Chimney Sweeps, by Duration of Employment: Sweden, 1958–2006

Duration of Employment

Tumor Site

ICD-7

Codes

0–9 Years, No.

(SIR; 95% CI)

10–19 Years, No.

(SIR; 95% CI)

20–29 Years, No.

(SIR; 95% CI)

‡ 30 Years, No.
(SIR; 95% CI) P for Trenda

All sites 140–209 233 (1.19; 1.04, 1.35) 154 (1.20; 0.02, 1.41) 142 (1.42; 1.20, 1.68) 284 (1.41; 1.25, 1.58) .028

Pharynx 145–148 3 (1.41; 0.29, 4.11) 1 (0.80; 0.02, 4.48) 0 5 (3.46; 1.12, 8.07) .235

Esophagus (not divided by

histological type)

150 3 (1.33; 0.27, 3.89) 5 (3.23; 1.05, 7.55) 3 (2.39; 0.49, 6.98) 5 (1.89; 0.62, 4.42) .825

Stomach 151 8 (1.40; 0.61, 2.77) 6 (1.26; 0.46, 2.74) 6 (1.39; 0.51, 3.02) 16 (1.34; 0.76, 2.17)

Colon 153 12 (1.04; 0.54, 1.82) 8 (0.99; 0.43, 1.95) 11 (1.66; 0.83, 2.98) 24 (1.67; 1.07, 2.49) .11

Rectum and anus 154 9 (1.07; 0.49, 2.02) 4 (0.68; 0.19, 1.74) 10 (2.08; 1.00, 3.83) 6 (0.59; 0.22, 1.29)

Biliary passages and liver, primary 155 6 (1.82; 0.67, 3.97) 2 (0.84; 0.10, 3.05) 1 (0.51; 0.01, 2.86) 11 (2.32; 1.16, 4.15)

Liver, primary 155.0 6 (2.98; 1.09, 6.48) 2 (1.43; 0.17, 5.16) 1 (0.89; 0.02, 4.95) 9 (3.30; 1.51, 6.27) .746

Extrahepatic bile ducts 155.2 0 0 0 2 (4.19; 0.51, 15.14)

Pancreas 157 3 (0.71; 0.15, 2.08) 4 (1.26; 0.34, 3.23) 4 (1.48; 0.40, 3.80) 7 (1.11; 0.45, 2.29) .588

Larynx 161 5 (2.87; 0.93, 6.70) 1 (0.80; 0.02, 4.45) 3 (2.88; 0.59, 8.42) 1 (0.50; 0.01, 2.77)

Bronchus and lung, primary 162.1 41 (2.69; 1.93, 3.65) 19 (1.71; 1.03, 2.66) 18 (1.90; 1.12, 3.00) 41 (2.07; 1.49, 2.81) .323

Adenocarcinoma (PAD 096) 9 (2.10; 0.96, 3.98) 5 (1.82; 0.59, 4.25) 3 (1.39; 0.29, 4.05) 7 (1.96; 0.79, 4.05)

Squamous-cell carcinoma (PAD 146) 14 (3.32; 1.81, 5.57) 3 (0.87; 0.18, 2.55) 6 (1.95; 0.71, 4.24) 13 (1.78; 0.95, 3.05)

Undifferentiated and small

cell carcinoma (PAD 186+196)

16 (2.80; 1.60, 4.54) 9 (2.11; 0.96, 4.00) 7 (1.89; 0.76, 3.89) 20 (2.57; 1.57, 3.97)

Pleura 162.2 2 (2.29; 0.28, 8.27) 1 (1.75; 0.04, 9.77) 0 6 (8.63; 3.17, 18.77) .08

Prostate 177 36 (0.83; 0.58, 1.15) 32 (1.05; 0.72, 1.48) 41 (1.63; 1.17, 2.22) 64 (1.15; 0.89, 1.47) .072

Kidney 180 5 (0.77; 0.25, 1.80) 4 (0.87; 0.24, 2.24) 6 (1.61; 0.59, 3.50) 12 (1.71; 0.88, 2.98) .087

Urinary bladder 181.0 14 (1.24; 0.68, 2.09) 13 (1.64; 0.87, 2.80) 13 (2.02; 1.07, 3.45) 30 (2.26; 1.52, 3.22) .055

Malignant melanoma of skin 190 15 (1.28; 0.72, 2.11) 0 2 (0.50; 0.06, 1.80) 3 (0.62; 0.13, 1.82)

Skin (melanoma excluded) 191 4 (0.68; 0.19, 1.74) 1 (0.24; 0.01, 1.33) 5 (1.51; 0.49, 3.51) 6 (0.75; 0.28, 1.64)

Unspecified sites 199 7 (1.24; 0.50, 2.56) 13 (3.43; 1.83, 5.87) 6 (2.02; 0.74, 4.39) 7 (1.18; 0.47, 2.43)

All hematopoietic cancer 200–209 33 (1.55; 1.07, 2.18) 18 (1.46; 0.86, 2.30) 3 (0.34; 0.07, 0.99) 21 (1.34; 0.83, 2.05) .243

Malignant non-Hodgkin lymphoma 200 15 (1.88; 1.05, 3.11) 4 (0.86; 0.23, 2.19) 2 (0.60; 0.07, 2.15) 7 (1.27; 0.51, 2.61)

Hodgkin disease 201 5 (1.72; 0.56, 4.01) 2 (1.56; 0.19, 5.64) 0 1 (1.18; 0.03, 6.59)

Multiple myeloma plasmocytoma 203 3 (1.18; 0.24, 3.46) 2 (1.12; 0.14, 4.05) 0 4 (1.30; 0.35, 3.33)

Leukemia 204–207 4 (0.66; 0.18, 1.68) 8 (2.24; 0.97, 4.42) 1 (0.38; 0.01, 2.14) 8 (1.62; 0.70, 3.19)

Note. CI = confidence interval; ICD-7 = International Classification of Diseases, 7th Revision; PAD = pathologic anatomic diagnosis; SIR = standardized incidence ratio.
aFrom Poisson regression.
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liver cancers from the pre-1951 subcohort re-
mained significantly increased in the younger
subcohort.

DISCUSSION

Consistent with our earlier findings from
1993,4 this cohort study of Swedish chimney
sweeps showed a significantly increased risk of
all malignant tumors combined and of esoph-
ageal, lung, bladder, and all hematopoietic
cancers. New findings include a significantly
increased incidence of pleural malignancies,
liver and colon cancer, and tumors at unspec-
ified sites as well as a new finding of excess of
lung adenocarcinoma. The results are dra-
matic, with more site-specific cancer excesses
than those described for any other occupa-
tional group, demonstrating significantly in-
creased risks for twice as many cancer sites as
the latest mortality study did (8 vs 4). Results
in the earlier follow-up (1982---1993) could
have resulted from historic work environment
exposures, but this follow-up demonstrates that
those working during more recent decades
also had high risks of excess cancers.

Our study includes a large number of par-
ticipants with long-term and complete follow-
up. Because of the trade union’s high coverage
and the high quality of the nationwide registers
used, the selection bias is minimized. The
follow-up and the detection of cancer through
the Swedish Cancer Register are regarded as
virtually complete.21

The known carcinogens to consider for in-
dividual cancer sites are mainly PAH and
asbestos but also metals and adverse lifestyle
factors. The chimney sweeps were exposed to
high levels of soot12,13,22 rich in PAH. Exper-
imental animal studies show that several
PAHs, including BaP, cause cancer,23 and
increased risks of cancer, predominantly can-
cer of the lung and bladder, have been
observed in a large number of epidemiological
studies of workers exposed to PAHs.22,23 A
working group at the International Agency for
Research on Cancer recently assessed the
cancer risks associated with household use of
biomass fuels and coal.24 It found sufficient
evidence that the indoor household combus-
tion of coal is associated with cancer in
humans (particularly lung cancer) and limited
evidence that household combustion of

biomass fuel (primarily wood) is associated
with cancer.

Excesses in lung, bladder, and esophageal
cancer have been associated with tobacco
smoking, and excesses of esophageal and liver
cancer with high alcohol consumption. Unfor-
tunately, no individual data regarding adverse
lifestyle factors are included in the union
membership databases or in the nationwide
registers used. However, we have some in-
formation from a health survey of 1040
chimney sweeps performed in 1972.The pro-
portion of current smokers was approximately
25% higher among the chimney sweeps than
in the same-aged general population. For those
younger than 50 years, alcohol use among
chimney sweeps was similar to that for the
general population, whereas for those 50 to 69
years old, it was almost double.25

Although the observed risks may have
been partially caused by smoking, it is not likely
that this potential confounding is substantial.
There is good evidence that occupational can-
cer studies are not often seriously confounded
by smoking.26 This is because modest differ-
ences in smoking habits between 2 groups
(e.g., the 25% higher prevalence of smoking
reported in 1972 for the chimney sweeps) will
result in only small amounts of confounding.
As Blair et al. noted,

For confounders to have much of an impact,
both associations (i.e., risk factor for the disease
and correlation with the exposure of interest)
must be strong. If this is not the case, the
impact of confounding cannot be large. Situ-
ations fulfilling these requirements are not
common.26(p200)

Axelson estimated that lung cancer relative
risks of 1.6 or higher are very unlikely to be
explained by confounding from smoking.27

Similar estimates would be reasonable for
other cancer sites where smoking is a risk
factor. In the following sections, potential life-
style confounding is further discussed in re-
lation to specific cancer sites.

The less increased risks for those employed
from 1951 onwards, compared with the sub-
cohort employed earlier, may indicate that
exposure to oil soot is somewhat less carcino-
genic compared with soot from wood and coal
burning. However, some types of cancer need
longer latency periods to develop, and the
number of cancers in the younger cohort is

limited. Furthermore, there was neither a quick
nor a complete change from wood to oil burn-
ing, and the reintroduction of wood burning
prevents firmer conclusions.

Lower socioeconomic position has been
demonstrated to affect cancer survival nega-
tively in various ways.28 With the exception
of bladder cancer, in both the present and the
mortality study,5 the cancers showing excess
risks were at sites with generally poor survival,
regardless of early diagnosis. The standardized
incidence risk ratio for bladder cancer (SIR =
1.80; 95% CI = 1.40, 2.27) was somewhat
higher than the standardized mortality ratio
(1.31; 95% CI = 0.72, 2.20). The fact that
chimney sweeps belong to a lower socioeco-
nomic group could have meant higher ratios
for mortality than for incidence, but this was
not the case.

We observed consistent exposure---response
associations mainly between employment du-
ration and the risk of total cancer and bladder
cancer. However, employment duration is
a nonspecific proxy for exposure, and the
absence of association with duration does not
imply absence of effect of the occupational
exposure.

Pleural and Lung Cancer

All pleural malignancies coded according to
the ICD-7 were mesotheliomas (pathologic
anatomic diagnosis [PAD] 776) and showed
excess risks, mainly among the long-term
employed. Mesotheliomas are strongly attrib-
uted to asbestos exposure but not to tobacco
smoking.29

Our finding of an increased risk of lung
cancer could be explained by exposure to
chemical carcinogens such as PAHs, arsenic,
nickel, chromium, and asbestos—all substances
to which chimney sweeps are potentially ex-
posed. The analyses of histological types of
lung cancer showed increased risks of similar
magnitude for all 3 types. Tobacco smoking has
been reported to increase the risk of squamous-
cell, oat-cell, and undifferentiated carcinoma
more strongly than for adenocarcinoma,30

whereas asbestos exposure has been associated
with a relatively larger increase in adenocarci-
noma compared with other histological lung
cancer types.31 The high proportion of adeno-
carcinoma might indicate that asbestos has
influenced the lung cancer excess in the cohort.
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The magnitude of the excess risk of lung cancer
in this study appears too large to be explained
simply by confounding from tobacco smoking,
although interaction of smoking and work ex-
posures could not be assessed.

Bladder Cancer

An interesting finding was that the stan-
dardized incidence ratio for bladder cancer
increased monotonically with employment
duration and that the trend approached statis-
tical significance. Since a similar trend was not
seen for lung cancer, the increased risks for
the different cancers are possibly related to
different exposure scenarios among the chim-
ney sweeps. The increased risk of bladder
cancer appeared stronger among chimney
sweeps employed before 1951 (Table 1).

In a record linkage study from the Nordic
countries, an excess of bladder cancer inci-
dence was also noted among chimney sweeps
in Denmark, and a small excess based on low
numbers was found among Norwegian and
Finnish chimney sweeps.10 To our knowledge,
it has not been investigated whether chimney
sweeps are exposed to aromatic amines, which
are known bladder carcinogens.31 Tobacco
smoking is a well-established risk factor for
bladder cancer32 and may have had some, but
limited, influence on the risk estimate.26

Esophageal Cancer

The increased risk of esophageal squamous-
cell carcinoma could be explained by exposures
experienced by chimney sweeps. PAH expo-
sure33 and occupational exposure to combus-
tion products33,34 have been suggested as risk
factors for esophageal squamous-cell carci-
noma. PAHs or dust could be deposited in the
airway region and then swallowed, thereby
directly acting on the esophageal mucosa33,35

and potentially explaining the finding of an
increased risk of esophageal cancer. Alcohol
and tobacco smoking are well-known risk
factors for esophageal cancer,36,37 but are
not likely to have had a major influence on
the risk estimates. Despite the finding in the
1972 survey of heavier alcohol consumption
among chimney sweeps in the older age
groups, there is little suggestion that these
habits remain in our cohort. In our mortality
study of chimney sweeps employed for more
than 30 years, there was no excess of death

from either liver cirrhosis or external causes
and alcoholism.5

Liver Cancer

The risk of liver cancer was significantly
increased for the older as well as the younger
subcohorts. Alcohol is a well-known risk factor
for liver cancer; in the Nordic countries, in-
creased rates of liver cancer have been found
in occupations with potentially easy workplace
access to alcohol or with cultural traditions of
high alcohol consumption, such as waiters,
cooks, beverage workers, journalists, and sea-
men.10 In a Finnish study, an elevated liver
cancer incidence was observed for male
printers, varnishers, and lacquerers, all with
exposure to different kinds of chlorinated as
well nonchlorinated solvents.38 Chimney
sweeps are exposed to organic solvents for
cleaning fatty ventilation tubes, which might
have contributed to the excess. The significant
excess of liver cancer among chimney sweeps
employed more than 30 years seems less likely
to be caused by excessive alcohol habits, as this
group did not show an excess of death from
either alcoholism or liver cirrhosis in our
mortality study.5 However, we cannot exclude
potential influence from solvent exposure and
alcohol habits.

Colon Cancer

Colon cancer incidence demonstrated excess
risk and a nonsignificant employment---dura-
tion association, suggesting the influence of
occupational risk factors. The most established
occupational risk factor for colon cancer is
physical inactivity,39 which certainly does not
characterize chimney sweeping. Some studies
suggest an association with asbestos expo-
sure,40 whereas the effect of diet, alcohol, and
tobacco is weak and under debate.41 Occupa-
tional asbestos exposure seems to be the most
likely explanation if this cancer is work related,
although the chimney sweeps’ exposure to
asbestos was only moderate.13

Skin Cancer

It is somewhat surprising that skin squa-
mous cancer risk was less than unity, as BaP
is a well-known skin carcinogen, and the
original finding by Pott was of scrotal cancer.1

Sunlight and ultraviolet radiation are well-
known risk factors for squamous skin cancer

and malignant melanoma.42 In a large Nordic
study, many white-collar occupations demon-
strated increased risks of malignant melanoma
as well as nonmelanoma skin cancer, whereas
many blue-collar occupations had decreased
risks.10 A possible explanation of our finding
is that, in previous decades, visiting southern
countries for sun tourism was more common
among Swedish white-collar workers than blue-
collar workers.

Conclusions

The present study provides strong evidence
of increased cancer incidence risk among
chimney sweeps, particularly for cancer of the
esophagus, colon, liver, lung, pleura, bladder,
and all hematopoietic cancers. Exposure to
various occupational carcinogenic agents ap-
pears the most likely explanation for these
increases, although contribution from and po-
tential interaction with smoking and alcohol
consumption cannot be dismissed. Thus, al-
though protective measures seem to have
prevented development of scrotal cancer
among chimney sweeps, they suffer from ex-
cesses of cancers of many other sites as well as
other diseases. Preventive actions to promote
a healthier lifestyle should be provided to halt
a continuation of these strong excess risks,
and chemical exposures during different oper-
ations must be better measured and controlled.
In addition, our findings may have relevance
for the general population exposed to similar
compounds in higher doses (e.g., during indoor
cooking in developing countries) or in lower
doses in the general environment. j
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