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Risk of cancer among paper recycling workers

Bo Andreassen Rix, Ebbe Villadsen, Gerda Engholm, Elsebeth Lynge

Abstract
Objectives-Studies in traditional paper

mills have indicated an excess cancer risk,
and mutagenic compounds have been
identified in the industry. No studies have
reported on risk of cancer in paper

recycling. Therefore the cancer incidence
in Danish paper recycling mills was inves-
tigated.
Methods-5377 employees in five paper
recycling plants were included in a his-
torical cohort study. The workers had
been employed in paper recycling in 1965-
90, and the cohort was followed up until 31
December 1993. The expected number of
cancer cases was calculated from national
rates.
Results-There was significantly more

pharyngeal cancer among male workers
(seven observed standardizedd incidence
ratio (SIR) 3.33, 95% confidence interval
(95% CI) 1.34 to 6.87)). There was slightly
more lung cancer among male workers in
production (39 observed, SIR 1.21, 95% CI
0.86 to 1.65). Risk ofHodgkin's disease was
doubled in male production worker (four
observed, SIR 1.90, 95% CI 0.51 to 4.85).
Conclusions-The increased risk of pha-
ryngeal cancer found in this study is
interesting but may be influenced by con-

founders such as smoking and alcohol
intake. This study also indicates an excess

risk of Hodgkin's disease, which is in
accordance with some studies in the
traditional paper mills. As this is the first
report on risk of cancer in paper recy-
cling, further studies are needed.
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Many chemical compounds are used in the
pulp and paper industry, and some of the com-
pounds have been shown to be mutagenic.' In
effluent water and sludge from paper mills, 2,
3, 7, 8-tetrachlorodibenzo-p-dioxin (2,3,7,8-
TCDD), other dioxins, and polychlorinated
dibenzofurans (PCDFs) have been found.2A
Studies of polychlorinated dibenzodioxins
(PCDDs) and PCDFs in paper products have
shown the highest concentrations in pulp from
recycled paper,' and a high incidence of
chromosomal mutations was found in ferns in
a river contaminated by paper recycling
effluent.'

Studies of workers from the pulp and paper
industry have indicated an increased risk of
lung cancer, stomach cancer, and malignant

lymphomas,6 but no study has previously been
undertaken to investigate the risk of cancer in
the paper recycling industry. De-inking and
recycling of paper will become an important
industry in the future as paper consumption
increases.7 As Denmark has an old paper recy-
cling industry8 and a national compulsory can-
cer registration, we conducted a historical
cohort study of incidence of cancer in Danish
paper recycling plants.

Materials and methods
DESCRIPTION OF THE PAPER RECYCLING PLANTS
Five Danish paper recycling plants were
included. The oldest plant started production
in 1956 and the newest in 1969. In three
plants, paper waste was mixed with water, and
slimicides, sizing agents, flocking chemicals,
fillers, and other chemicals were added to the
paper stock.
Two plants used a de-inking process to

remove printing ink from newspapers and
magazines. In a flotation de-inking system,
paper waste was dissolved in water, fatty acids
and other compounds were added, and print-
ing ink and impurities were separated by an air
flow in a foam separator.
The most common chemicals used in the

Danish repulping and de-inking industry were
fatty acid derivatives, hydrogen peroxide,
sodium bisulphite, sodium hydroxide, sodium
silicate, sodium dithionite, aluminum sulphate,
chlorine, hypochlorite, polyethylenimine,
(diethylenetrinitrilo)penta-acetic acid, ben-
tonite, kaolin, resins, and acrylamide polymers.
Several slimicides-for example, thiazole com-
pounds, bromine compounds, and copper
compounds-were also used. Industrial hy-
giene measurements in the paper recycling
industry in Denmark showed that dust concen-
trations in the industry may have exceeded 5
mg/m', and micro-organisms and endotoxins
were often measured in the work environment.9
Repulping and de-inking took place in open
ponds, but from the mid-1970s workers spent
part of the working hours in closed control
rooms.

REGISTRATION OF THE PAPER RECYCLING
INDUSTRY COHORT
No historical archive on former employees was
available at four of the five plants included. The
registration was therefore based on company
records of active workers and data from a
national supplementary pension scheme called
ATP. This was started on 1 April 1964, and is
based on compulsory quarterly contributions
from employees and employers. Information
on contributions and periods of employment
are stored in a data bank together with names,

729



Rix, Villadsen, Engholm, Lynge

dates of birth, personal identification numbers
of employees, and unique identification
numbers of employers. Data on all people
employed in the plants from 1 April 1964 until
31 December 1990 were retrieved. As some

former employees were missing in the early
period of the pension scheme in 1964, only
people employed on 1 January 1965 or later
were included. Lists of former employees were

sent to the plant managers for further infor-
mation on job titles and departments. This
information was supplemented from various
sources, and for most former employees it was
possible to find if they had been in production,
maintenance and storage, or administration.

In plant No 5, 254 active and former workers
were registered in the plant files. From theATP
supplementary pension scheme, 184 additional
workers were retrieved. Data concerning these
people were sent to the company and to retired
foremen for completion of information about
job titles and departments. Only 376 workers
employed from 1 January 1970 were included
in the final cohort, as production was changed
to paper recycling from that date.
A total of 5379 people were registered in the

Danish paper recycling industry cohort (table
1).

FOLLOW UP OF THE COHORT

From 1 April 1968, all Danish citizens have
been given a unique personal identification
number and all dates of deaths, emigrations,
and disappearances have been recorded in the
central population register. People with a

personal identification number were searched
for in the Central Population Register for vital
status. People without a personal identification
number were searched for in the national
mortality registry for date of death. A total of
5377 people out of 5379 in the cohort were

identified. Two were excluded from the analy-
sis (table 1). For each person, person-years at
risk were calculated from the registered start of
employment, until death, emigration, disap-
pearance, or end of follow up on 31 December
1993, whichever came first.
The Danish cancer register started in 1943.

Members of the Danish paper recycling cohort
without a personal identification number were

searched for manually on lists of cancer

patients with equivalent sex and date of birth in
the cancer register. Members with a personal
identification number were searched for in the
cancer register on 1 June 1996.

All tumours diagnosed in the individual risk
periods were included. The expected number

of cancer cases were calculated from person-
years at risk and the cancer incidences for the
total Danish population for sex, five-year age
groups, and calendar periods (1963-67, 1968-
72, ...1988-92) with the PYRS program."0
A standardized incidence ratio (SIR) was

calculated by dividing the observed number of
cancer cases in a given group by the expected
number, and a 95% confidence interval (95%
CI) was calculated."
Cancer sites of specific interest were ana-

lysed with Poisson regression models. Duration
of employment, years since first employment,
and year of first employment were used as the
independent factors, and the log of the
expected number of cases based on population
rates was used as an offset variable." The
modelling was done with the statistical package
Epicure. 12

Results
Among men, the overall incidence of cancer

was significantly lower than expected (206
observed cases, SIR 0.85,95% CI 0.73 to 0.97,
table 2). The risk of pharyngeal cancer was

increased more than threefold (seven observed,
2.10 expected, SIR 3.33, 95% CI 1.34 to 6.87).
The risk of lung cancer was marginally in
excess (47 observed, SIR 1.11, 95% CI 0.81 to
1.47), and an excess of Hodgkin's disease was

indicated (four observed cases, 2.57 expected,
SIR 1.56, 95% CI 0.42 to 3.98).
When analysed by latency time and duration

of employment (table 3), no clear trend was

seen for the overall risk of cancer. The risk of
lung cancer was higher than expected for short
time workers and workers with at least 10 years
of employment. The risk of Hodgkin's disease
increased with duration of employment, based
on very few cases (table 3).

In the Poisson analysis, the risk of lung can-

cer increased with time since first employment
(relative risk (RR) 1.28, 95% CI 0.58 to 2.82
for 10-19 years of latency, RR 1.80, 95% CI
0.73 to 4.43 for 20-24 years of latency, and RR
3.23, 95% CI 1.28 to 8.13 for a latency of >25
years, P for trend 0.07, compared with <10
years of latency). If the analysis was restricted
to men employed for more than one year, the
trend was stronger with RR 3.79, 95% CI 1.24
to 11.60 for >25 years of latency, P for trend
0.04.
The risk of pharyngeal cancer among men

working in production of recycled paper was

significantly in excess (five observed, 1.45
expected, SIR 3.45, 95% CI 1.11 to 8.05),

Table 1 Number ofpeople * and person-years in the Danish paper recycling plant study

Men Women Total

Registered Included Registered Included Registered Included
Plant people in Person- people in Person- people in Person-
No (n) Untraced cohort years (n) Untraced cohort years (n) Untraced cohort years

1 629 1 628 11223 119 0 119 1342 748 1 747 12565
2 3000 0 3000 44926 734 0 734 8646 3734 0 3734 53572
3 344 0 344 4684 26 0 26 272 370 0 370 4956
4 142 1 141 1162 9 0 9 76 151 1 150 1238
5 337 0 337 5108 39 0 39 533 376 0 376 5641

Total 4452 2 4450 67103 927 0 927 10869 5379 2 5377 77972

* Seven people employed in two plants were registered in the plant of first employment.
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Table 2 Observed (0) and expected (E) number of cancer cases among employees in the Danish paper recycling industry
by diagnostic group

Men Women
Diagnosis
ICD-7 Site 0 E SIR (95% CI) 0 E SIR (95% CI)

104-205 All cancer 206 243.59 0.85 (0.73 to 0.97) 39 36.62 1.06 (0.76 to 1.46)
140-144 Buccal cavity 5 5.76 0.87 (0.28 to 2.03) - 0.29 -

145-148 Pharynx 7 2.10 3.33 (1.34 to 6.87) - 0.11 - -

150 Oesophagus 1 3.06 0.33 (0.00 to 1.82) - 0.13 - -

151 Stomach 8 8.60 0.93 (0.40 to 1.83) - 0.58 - -

153 Colon 12 15.34 0.78 (0.40 to 1.37) 5 2.18 2.29 (0.74 to 5.35)
154 Rectum 6 11.58 0.52 (0.19 to 1.13) 1 1.04 0.96 (0.01 to 5.35)
155 Liver, primary 2 2.43 0.82 (0.09 to 2.97) - 0.20 - -

155.1 Gall bladder 1 1.37 0.73 (0.01 to 4.06) - 0.27 - -

157 Pancreas 8 6.44 1.24 (0.53 to 2.45) - 0.69
161 Larynx 3 4.44 0.68 (0.14 to 1.97) - 0.14 - -

162 Lung 47 42.52 1.11 (0.81 to 1.47) 4 2.63 1.52 (0.41 to 3.89)
170 Breast 1 0.38 2.63 (0.03 to 14.64) 9 9.42 0.96 (0.44 to 1.81)
171 Cervix uteri - - - - 2 2.75 0.73 (0.08 to 2.63)
172 Corpus uteri - - - 1 1.85 0.54 (0.01 to 3.01)
175 Ovary - - - - 1 1.93 0.52 (0.01 to 2.88)
177 Prostate 14 18.35 0.76 (0.42 to 1.28) - -

178 Testis 7 9.57 0.73 (0.29to 1.51) - - - -

180 Kidney 7 7.73 0.91 (0.36 to 1.87) 2 0.69 2.90 (0.33 to 10.47)
181 Bladder 14 19.99 0.70 (0.38 to 1.18) 2 0.79 2.53 (0.28 to 9.14)
190 Melanoma of skin 7 7.05 0.99 (0.40 to 2.05) - 1.53 - -

191 Skin, other 25 34.56 0.72 (0.47 to 1.07) 6 4.22 1.42 (0.52 to 3.09)
193 Brain 8 9.06 0.88 (0.38 to 1.74) 2 1.28 1.56 (0.18 to 5.64)
196 Bone - 0.55 - - - 0.04 - -

197 Connective tissue 2 1.16 1.72 (0.19 to 6.22) - 0.12 - -

200, 202 Non-Hodgkin's 5 6.39 0.78 (0.25 to 1.83) - 0.67
lymphoma

201 Hodgkin's disease 4 2.57 1.56 (0.42 to 3.98) - 0.26 - -

204 Leukaemia 1 6.55 0.15 (0.00 to 0.85) 1 0.60 1.67 (0.02 to 9.27)

whereas the risk of lung cancer was moderately
increased (39 observed, SIR 1.21,95% CI 0.86
to 1.65) (table 4). The risk of Hodgkin's
disease was doubled, based on four cases ( SIR
1.90, 95% CI 0.51 to 4.85).
Among women, the overall risk of cancer was

close to the expected (39 observed, SIR 1.06,
95% CI 0.76 to 1.46) (table 2). The risk of
colon cancer was doubled based on five
observed cases (SIR 2.29, 95% CI 0.74 to
5.35), and the risk of lung cancer was increased
(four observed, SIR 1.52,95% CI 0.41 to 3.89)
(table 2).

Discussion
The overall risk of cancer was lower than
expected among men and close to that
expected among women in the Danish cohort
of paper recycling workers, and this is in
accordance with cohort studies in the
traditional pulp and paper industry. 1"16 A
healthy worker effect may explain the low over-

all cancer incidence in men. As the industry is
new, the average follow up period was only 14.5
years.

Pharyngeal cancer was significantly in excess

in this Danish paper recycling cohort. Pharyn-
geal cancer is related to smoking and alcohol

consumption.'7"" Alcohol was normally not
allowed at the plants, but smoking was allowed
in special rooms. In a Danish health survey
study in 1972,'9 smoking and alcohol con-

sumption among male paper workers did not
differ much from that of other workers, but
confounding by these factors cannot be ruled
out. However, confounding by smoking may
not alone explain a threefold excess risk of
pharyngeal cancer.20 Risk of cancer of the buc-
cal cavity and pharynx combined was increased
in some proportionate mortality studies among
pulp and paper workers,2' 22 but cohort studies
have shown the combined risk of buccal cavity
and pharyngeal cancer to be close to or lower
than expected.'3"16

This study suggested that the incidence of
lung cancer was slightly increased among men
in production and moderately increased in
short term workers with less than one year of
employment. Occupational exposures may be
high in this subgroup, as members may have
occupied the least qualified jobs. Other expla-
nations such as smoking in a more marginal-
ised group of workers may also be relevant.'3
For male employees with at least one year of
employment, the study indicated an increasing

Table 3 Observed (O) cancer incidence for all malignant neoplasms pharyngeal cancer, lung cancer, and Hodgkin's disease among men by latency and
by duration of employment in Danish paper recycling plants

All cancers Pharyngeal cancer Lung cancer Hodgkin's disease

0 SIR (95% CI) 0 SIR (95% CI) 0 SIR (95% CI) 0 SIR (95% CI)

Years since first employment (y):
0-9 58 0.80 (0.61 to 1.03) 3 4.76 (0.96to 13.91) 9 0.76 (0.35to 1.44) 3 2.01 (0.40to5.88)
10-19 91 0.84 (0.68 to 1.03) 3 3.13 (0.63 to 9.13 ) 19 0.97 (0.58 to 1.51) 1 1.19 (0.02 to 6.62)
> 20 57 0.91 (0.69 to 1.18) 1 1.96 (0.03 to 10.91) 19 1.72 (1.04 to 2.69) 0 - -

Duration of employment (y):
< 1 55 0.85 (0.64 to 1.10) 3 5.00 (1.00 to 14.61) 14 1.42 (0.78 to 2.39) 1 0.89 (0.01 to 4.97)
1-9 96 0.83 (0.67 to 1.02) 4 4.17 (1.12 to 10.67) 15 0.73 (0.41 to 1.21) 2 1.75 (0.20 to 6.33)
10-19 44 0.82 (0.60 to 1.10) 0 - - 14 1.36 (0.74 to 2.28) 1 3.85 (0.05 to 21.40)
B 20 11 1.13 (0.56to2.03) 0 - - 4 2.13 (0.57to5.45) 0 - -
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Table 4 Observed (0) and expected (E) number ofcancer cases among male workers in the Danish paper recycling
industry by diagnostic group and work process *

Recycled pulp and paper production Maintenance and storage
Diagnosis
ICD-7 Site 0 E SIR (95% CI) 0 E SIR (95% CI)

104-205 All cancer 169 186.93 0.90 (0.77 to 1.05) 34 43.09 0.79 (0.55 to 1.10)
140-144 Buccal cavity 5 4.43 1.13 (0.36 to 2.63) - 1.00
145-148 Pharynx 5 1.45 3.45 (1.11 to 8.05) 1 0.33 3.03 (0.04 to 16.86)
150 Oesophagus 1 2.34 0.43 (0.01 to 2.38) - 0.55 -

151 Stomach 7 6.47 1.08 (0.43 to 2.23) 1 1.58 0.63 (0.01 to 3.52)
153 Colon 9 11.59 0.78 (0.35 to 1.47) 2 2.81 0.71 (0.08 to 2.57)
154 Rectum 6 8.76 0.68 (0.25 to 1.49) - 2.11 -

155 Liver, primary 2 1.84 1.09 (0.12 to 3.92) - 0.44
155.1 Gall bladder 1 1.03 0.97 (0.01 to 5.40) - 0.26 -

157 Pancreas 7 4.86 1.44 (0.58 to 2.97) 2 1.17 1.71 (0.19 to 6.17)
161 Larynx 2 3.41 0.59 (0.07 to 2.12) - 0.78 - -

162 Lung 39 32.23 1.21 (0.86 to 1.65) 9 7.75 1.16 (0.53 to 2.20)
177 Prostate 11 13.38 0.82 (0.41 to 1.47) 2 3.57 0.56 (0.06 to 2.02)
178 Testis 6 8.11 0.74 (0.27 to 1.61) 1 1.23 0.81 (0.01 to 4.52)
180 Kidney 7 5.91 1.18 (0.47 to 2.44) - 1.37
181 Bladder 10 15.16 0.66 (0.32 to 1.21) 5 3.62 1.38 (0.45 to 3.22)
190 Melanoma of skin 7 5.64 1.24 (0.50 to 2.56) - 1.11
191 Skin,other 18 26.57 0.68 (0.40to 1.07) 3 6.14 0.49 (O.lOto 1.43)
193 Brain 8 7.26 1.10 (0.47 to 2.17) 1 1.43 0.70 (0.01 to 3.89)
196 Bone - 0.45 - - - 0.08
197 Connective tissue 2 0.93 2.15 (0.24 to 7.76) - 0.17 -

200,202 Non-Hodgkin's 3 5.02 0.60 (0.12 to 1.75) 1 1.07 0.93 (0.01 to 5.20)
lymphoma

201 Hodgkin'sdisease 4 2.11 1.90 (0.51 to4.85) 1 0.35 2.86 (0.04to 15.90)
204 Leukaemia 1 5.06 0.20 (O.OOto 1.10) - 1.14

* A person may have been employed in more than one work process.

risk of lung cancer with increasing duration of
employment, based on a few cases. In a Finnish
cohort study, workers in paper mills had a dou-
bled risk of lung cancer with 12 observed cases
(SIR 197, 95% CI 102 to 345).'4 Smoking
could not explain the excess risk of lung cancer
among paper mill workers in Finland.'4 The
risk of lung cancer was increased in the pulp
and paper industry in proportionate mortality
studies,25 26 and a Canadian case-control study
indicated an OR for lung cancer of 1.4 for
workers exposed to paper dust.'7 It has been
suggested that exposure to asbestos used as an
additive in paper products and in insulation in
paper mills may explain the excess risk of lung
cancer.'8 In the Danish paper recycling indus-
try, no asbestos was added to the paper, but
asbestos has been used in insulation of pipes in
the Danish paper recycling plants. One case of
mesothelioma was found among men, which
was as expected.
None of the chemicals widely used in the

Danish paper recycling industry are known
carcinogens, but small amounts of acrylamide
may be released in the work environment,9 and
acrylamide has been evaluated as a probable
carcinogen.'9 Various chlorinated organic com-
pounds may also be released in the work envi-
ronment, but the amounts are small.'~' Some
studies in occupational settings with exposures
to chlorophenoxy herbicides and chloroph-
enols have indicated an excess risk of lung can-
cer whereas other studies have not."'"
Two studies have shown a reduced risk of

lung cancer in workers in cotton textile
plants,34 35 and it has been proposed that endo-
toxins in the work environment may protect
against lung cancer.36 This hypothesis was not
confirmed in the present study.
Female workers had a doubled risk of colon

cancer. Risk of colon cancer was shown to be
increased among men in sulphate mills and
board mills in Finland,'4 and in a paper mill in

the United States,'5 as well as in some propor-
tionate mortality studies.37 '8 As female workers
in the Danish paper recycling industry prob-
ably had lower exposures than men, the excess
risk in women may be due to chance.
Based on only four cases, this study indi-

cated an increased risk of Hodgkin's disease
among men working in recycled pulp and
paper production. The risk of Hodgkin's
disease was increased among employees in
paper mills in an American cohort study (SMR
2.33, 95% CI 0.75 to 5.44)6 and in propor-
tionate mortality and case-control studies
among pulp and paper workers.""-l In a Cana-
dian case-control study,4' Hodgkin's disease
was significantly increased among men ex-
posed to cellulose, eight cases (OR 4.2, 90% CI
2.0 to 8.8). Cellulose is the major component
in paper dust.4'

In conclusion, this study of the risk of cancer
in the Danish paper recycling industry indi-
cated an increased risk of pharyngeal cancer
and Hodgkin's disease in men, and to some
extent also of lung cancer. However, due to the
few cases, the results are only suggestive.
Although the cohort included more than 5000
people, the numbers of cancers of specific sites
were low as the industry is new and the follow
up period short. Furthermore, some misclassi-
fication of department of work may have taken
place and biased the results. Further evidence
of a possible risk of cancer in the paper
recycling industry will await a longer follow up
of the present cohort and results from other
countries. Such studies are needed as paper
recycling is now an important industry.

This study was supported from grants No 91-7590 and
93-7627 by the Danish Cancer Society. TS participated in the
initial phase of the data collection.
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