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Abstract As part of an International Agency for
Research on Cancer (IARC) international epidemio-
logical study of workers in the pulp and paper industry,
previously unpublished exposure measurements were
assembled in a database. This article summarizes the
results of 3,873 measurements carried out in the pro-
duction departments of paper and paperboard mills and
recycling plants in 12 countries. In the paper and
paperboard mills, most of the agents were measured in
the pulping and refining departments and in on-machine
coating and winding of paper/paperboard. Exposures to
asbestos, carbon monoxide, formaldehyde, fungal
spores, bacteria, nitrogen dioxide, minerals dusts, paper
dust, sulphuric acid and different solvents sometimes
exceeded exposure limit values. In the re-pulping and
de-inking departments of recycling plants high expo-
sures to formaldehyde, fungal spores, bacteria and paper
dust were observed. High exposures to asbestos,

bioaerosols, carbon monoxide and paper dust were
found in many departments; ammonia, formaldehyde,
mineral and paper dust and solvents were found in
coating machines; and diphenyl and polychlorobiphe-
nyls (PCBs) were found in some special circumstances.
Measurements in the newsprint and uncoated paper
machine departments revealed only a few elevated
exposures. In nearly all departments, measurements of
epichlorohydrin, PCBs, sulphur dioxide, hydrogen
sulphide and mercaptans tended to be low, often even
below their detection limits. In spite of some uncer-
tainties in the measurement data, the study provides new
insights into the level and variation of occupational
exposures of production workers in the paper and
paperboard industry.
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Introduction

To investigate patterns of cancer incidence and mortality
among employees of the pulp and paper industries, the
International Agency for Research on Cancer (IARC) is
co-ordinating a multicentric epidemiological study
involving researchers from 15 countries and representing
most paper production regions in the world. The cancer
morbidity and mortality rates of more than 100,000
employees working in 75 mills in 15 countries will be
studied.

The exposure database created during this large study
contains a large number of previously unpublished results
of exposuremeasurements in the pulp and paper industry.
The database includes 31,502 exposure measurements of
246 agents sampled from the 1950s to the middle of the
1990s. The structure and content of the database has been
described elsewhere (Kauppinen et al. 1997).

The purpose of this article is to summarize the results
of exposure measurements carried out in paper and
paperboard production and in recycling departments. A
summary of occupational hygiene measurements con-
ducted in the non-production departments of pulp, pa-
per, and paper product mills has been published
(Teschke et al. 1999). Hygiene measurements in pulp and
paper product departments will be described in future
publications.

Material and methods

Research institutes and government agencies from the 15
collaborating countries reported national industrial hy-
giene measurements using a structured format (Kaup-
pinen et al. 1997). The database was compiled at the
Finnish Institute of Occupational Health.

For each department and agent, the number of
samples, the number of mills, the mean, median, mini-
mum and maximum concentrations, the percentages of
measurements below the limit of detection, the lowest
measured concentrations, and the threshold limit values
(TLVs) of the American Conference of Governmental
Industrial Hygienists (ACGIH 1997) and the percent-
ages of measurements over TLV were tabulated. When
available, time-weighted average (TWA) data were given
priority for reporting. Concentrations below detection
limits were assigned the value 0 in the calculation of
mean concentrations, because in many cases the limits of
detection were not indicated.

Of the total of 31,502 exposure measurements in
pulp, paper and paper product industries, 12% were
measured in paper, paperboard and paper recycling
production between 1950 and 1994. Most of the mea-
surements were from 1980 to 1994, and only a few
measurements were from the 1950s.

A total of 3,873 exposure measurements in paper and
paperboard production and recycling were received
from 12 countries: Canada (n=88), Denmark (n=189),

Finland (n=1,288), Germany (n=537), Japan (n=295),
the Netherlands (n=99), Norway (n=294), Poland
(n=111), Spain (n=44), Sweden (n=619), the UK
(n=23) and the USA (n=288). Measurement data from
recycled-paper mills were available from only seven
countries: Canada, Denmark, Finland, Germany, Po-
land, Sweden and the USA. Data were compiled from
mills producing a wide variety of products. The data
were divided into ten departments in paper and paper-
board mills and eight departments in recycled-paper
mills.

A wide variety of agents was measured in the paper,
paperboard and recycling industries. From the total
number (3,873) of exposure measurements 1,535 (40%)
were organic compounds other than solvents [e.g.
formaldehyde 611, diphenyl 319, polychlorobiphenyls
(PCBs) 153 and paper dust 128], 1,046 (27%) mineral
and unspecified dusts (e.g. total dust 643, asbestos 135
and respirable dust 99), 516 (13%) inorganic gases (e.g.
ammonia 158, chlorine 152 and carbon monoxide 80),
319 (8%) organic solvents (e.g. vinyl acetate 40, iso-
propanol 32 and solvent hygiene effect 29), 176 (5 %)
metals and metal compounds (e.g. sodium hydroxide 17,
copper 16 and chromium 15), 159 (4%) bioaerosols (e.g.
fungal spores 68, total germ count 46 and endotoxins 34)
and 122 (3%) other exposures.

In paper and paperboard mills most measurements
were made in winding and cutting departments (n=902),
followed by pulping and refining (n=593), calendering
or on-machine coating (n=495), fine-paper machines
(n=401), paper machines (n=357), soft/tissue-paper
machines (n=284), paperboard machines (n=273),
newsprint-paper machines (n=98), other specified
departments (n=144) and unspecified departments
(n=104).

In the above-mentioned departments, the number of
agents over the TLV compared with the number of
measured agents was highest in pulping and refining (13/
64), followed by winding and cutting (8/71), calendering
or on-machine coating (7/35), fine-paper machines (6/
23), paperboard machines (5/35), paper machines (4/28),
soft/tissue-paper machines (4/12), newsprint-paper ma-
chines (3/15), other specified departments (2/19) and
unspecified departments (2/31).

In recycled-paper mills most measurements were
made in re-pulping departments (n=103), followed by
de-inking (n=36), washing or screening (n=35),
bleaching (n=28), drying (n=3), winding or cutting
(n=2), other specified departments (n=7) and unspeci-
fied departments (n=2).

In the above-mentioned departments only in re-pul-
ping departments did some formaldehyde measurements
exceed its TLV value.

Results

Table 1 presents a summary of concentrations measured
in paper and paperboard departments, and Table 2
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presents a similar summary in recycled-paper depart-
ments. Data are presented for all agents with at least five
measurements/department.

From the total number (3,873) of exposure mea-
surements in paper industries, 3,651 (94%) were con-
ducted in paper and paperboard departments.

In pulping and refining departments, the most fre-
quently measured agents were dyes (13%), diphenyl
(11%) and talc. In newsprint and uncoated-paper ma-
chine departments, the most often measured agents were
total dust (18%), hydrogen sulphide (17%) and asbestos
(14%). In fine and coated-paper machine departments,
the most often measured agents were total dust (28%),
diphenyl (24%) and ammonia (15%). In soft/tissue-pa-
per machine departments, the most frequently measured
agents were total dust (62%), fungal spores (20%) and
respirable dust (9%).

In paperboard machine departments, the most often
measured agents were benzo(a)pyrene (32%), bacteria
(11%) and total dust (11%). In paper or paperboard
machine departments (from more than one category) the
measured agents were mainly formaldehyde (64%),
asbestos (8%) and total dust (5%). In calendering or on-
machine coating departments, the most frequently mea-
sured agents were formaldehyde (34%), diphenyl (14%)
and ammonia (11%). In winding, cutting or grading
departments, the most often measured agents were total
dust (24%), formaldehyde (12 %) and paper dust (10%).

In other specified departments, the most frequently
measured agents were PCBs (75%), paperboard dust
(6%) and white spirits (3%). In unspecified departments
of the paper industry, most of the measurements were
PCBs (22%), paper dust (21%) and asbestos (9%).

Table 3 shows measurements exceeding the TLV va-
lue or high exposure concentrations for microbes (no
TLVs available for these agents) in the paper and
paperboard industries.

The highest concentrations of asbestos were mea-
sured in the pulping and refining and soft-paper
departments. The mean concentration of carbon mon-
oxide exceeded its TLV value by four to fivefold in some
pulping/refining, winding and cutting departments. The
TLV for formaldehyde was exceeded three to fourfold in
some fine and coated-paper departments and 13–14-fold
in some on-machine coating departments. It is worth
noticing that during the recent 10 years the TLVs of,
especially, asbestos and formaldehyde have been chan-
ged to a fraction of their older values. The highest
concentrations of total dust were measured in winding
and cutting, paperboard and other unspecified depart-
ments. The highest concentrations of paper dust were
measured in pulping, soft-paper and other specified
departments.

Of the total number of exposure measurements in the
paper and recycled paper industry (3,873), only 216
(6%) measurements were conducted in recycled-paper
departments.

Formaldehyde was the main component of several
chemicals used in the paper and recycled-paper industry,T
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and the concentrations that exceeded the present TLV
value were measured during the re-pulping of waste
pulp. Microbes may cause problems because of the
warm and wet conditions in many departments, and
high concentrations of bacteria were measured, espe-
cially in the de-inking processes, in wastewater.

Discussion and conclusions

These exposure data from the paper and paperboard
industry provide a good starting point for describing
industrial exposures for epidemiological studies. In the
assessment of relevant exposures for the international
epidemiological study, a team of industrial hygienists
has integrated the measurements in the database with
mill-specific information from the questionnaires an-
swered by the participating companies, to create a pulp
and paper department-exposure matrix (PAPDEM) for
25 major exposure agents. For some agents only
qualitative assessment was feasible. The assessment was
based on over 31,000 industrial hygiene measurements,
company questionnaires, and the experience of the
assessment team. A description of this matrix and a
summary of exposure estimates have been published
elsewhere (Kauppinen et al. 2002).

In the pulping and refining departments of paper
and paperboard mills, and in on-machine coating and
winding departments, exposures to ammonia, asbestos,
carbon monoxide, formaldehyde, fungal spores and
bacteria, nitrogen dioxide, mineral and organic dusts,
sulphuric acid and different solvents often exceeded the
TLV values. In recycling plants in the re-pulping and
de-inking departments, high exposures to formalde-
hyde, fungal spores, bacteria and paper dust were
observed. In other departments of the paper and
paperboard mills, the measurements in several
departments indicated high exposures to asbestos,
bioaerosols, carbon monoxide and paper dust and, in
some departments, exposures to diphenyl and PCBs.
Measurements in the newsprint and uncoated-paper
machine departments revealed only a few elevated
exposures. In nearly all departments, measurements of
epichlorohydrin, PCBs, sulphur dioxide, hydrogen
sulphide and mercaptans tended to be low, often below
the detection limits.

The TLVs for the measured agents in the 2003 cata-
logue (ACGIH 2003) were the same, with only a few
exceptions, as in the 1997 catalogue used for statistical
calculations of measurement data.

It is interesting to consider potential sources of
some of these exposures. As would be expected in this
industry, paper or paperboard dust or organic dust
was a very common exposure in many departments.
The occupational exposure limit of organic dust (paper
dust) was often exceeded, especially in soft-paper mills.
Asbestos exposure was due to asbestos-containing
insulating material or brake linings of winding ma-
chines or forklifts mainly used during the earlier years.

Nowadays, in many factories they have been changed
to asbestos-free ones. Respirable dust, total dust, talc
and titanium dioxide (from mineral-coating chemicals)
were common high exposure agents in many depart-
ments with on-machine coating, calendering, winding
and cutting machines. The exposure limits for inor-
ganic dusts were also often exceeded.

Ammonia (a component in mineral-coating paste)
exposure exceeded the exposure limit in the stock-
preparation and on-machine coating areas of special-
paper mills. Elevated carbon monoxide and nitrogen
dioxide exposures probably arose from the exhausts of
forklifts. Formaldehyde is the main component of
many chemicals used in paper or paperboard industry,
and high concentrations were measured in many
departments. High concentrations of formaldehyde
and different solvent vapours from many kinds of
coating and laminating chemicals occurred in the cal-
endering area and in the on-machine coating of paper.
Sulphuric acid has been, and still is, widely used in the
paper and paperboard industry as a pH-adjusting
chemical. Hydrazine was mainly used for eliminating
oxygen in water for steam generation.

PCBs were used in the earlier eras of the paper
industry in capacitors or transformers. The highest
concentrations have been measured during accidental
exposures. Diphenyl was used as a preservative in fruit
wrapping paper only in one mill, where it prompted
complaints followed by intense measuring activity
revealing locally high concentrations.

High levels of microbes were measured in many
departments because of the warm and wet conditions
there, when no or little slimicides were used for pre-
vention for bacterial growth. In those departments, high
concentrations of endotoxins and bacteria were mea-
sured, especially in soft-paper mills.

The database has some limitations. Although it is
comprised of measurements from more than 100 mills
in 13 countries, the number of mills reporting data for
any one agent in a particular department was usually
less than five and, in many cases, only one or two.
When measurement data for an agent is large and
consistent across several departments and agrees with
measurements reported in the literature, the results are
more likely to be generalizable. The database did not
contain information about ventilation, enclosures or
other potential exposure determinants. Many mea-
surements were below detection limits, and, in most
cases, the detection limits were not reported.

From all exposure measurements in the pulp and
paper industry, the most often measured agent groups
were organic compounds (40%) other than solvents,
followed by mineral and unspecified dusts (27%),
inorganic gases (13%), organic solvents (8%), metals
and metal compounds (5 %), bioaerosols (4%) and
other exposures (3%). The most frequently measured
exposure agents were total dust (17%), formaldehyde
(16%), diphenyl (8%), ammonia (4%), chlorine (4%),
asbestos (3%) and paper dust (3%).
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The PAPDEM database consists of many mea-
surement data from the pulp and paper industry in
Finland (33%), Sweden (16%), Germany (14%), Japan
(8 %) and Norway (8%). Few such data (<3% per
country) have come from Poland, the Netherlands,
Canada, Spain and the UK.

Relatively limited exposure data have been pub-
lished from the industries under study. Organochlorine
compounds have also been identified, usually in trace
amounts, in the treatment of the spent liquors in kraft
pulp mills (Crawford et al. 1992; Rosenberg et al. 1991,
1994). Exposure to polychlorinated dioxins or furans
during the manufacture of pulp, paper or paper prod-
ucts has been estimated and measured (Crandall et al.
1992; Kelada 1990; Krishnan et al. 1990). Paper dust
has been measured in different kinds of paper mills
(Bullock and Laird 1994; Heederik et al. 1987; Janh-
unen et al. 1984; Liukkonen et al. 1990; Andreassen-
Rix and Lynge 1996; Sahle et al. 1990). Micro-organ-
isms and endotoxins have been measured in recycling
and other paper mills (Liukkonen et al. 1990; Andre-
assen-Rix and Lynge 1996; Liesivuori et al. 1994;
Niemelä et al. 1985). National reports are available
from Finland on exposures in the pulp industry
(Mäkinen et al. 1986), paper industry (Janhunen et al.
1984), paper-products industry (Liukkonen et al. 1988)
and pulp/paper recycling mills (Liukkonen et al. 1990),
and occupational exposure measurement data of those
studies are included in the database. Most of the data
reported in the literature are consistent with those in
the database.

The database did not collect data on exposures to
physical agents such as noise, vibration, ionizing and
non-ionizing radiation, etc., which are known to occur
in paper and paperboard mills. There are few reports in
the literature on physical agents, for example, electric
and magnetic field investigations in pulp and paper mills
in Canada (Barroetavena et al. 1994).

Chemical exposures in the paper industry may cause

various health effects and diseases

A review article that included all relevant reports
prior to 1995 (Thorén et al. 1996a) on health effects of
workers in the pulp and paper industry revealed that
high exposure to chlorine compounds and paper dust
was associated with an increased prevalence of impaired
lung function, allergic respiratory diseases and death,
and reduced sulphur compounds were associated with
increased mortality rates due to ischaemic heart diseases.

Increased lung function and respiratory symptoms
among workers exposed to soft-paper dust have been
reported in some studies (Heederik et al. 1987; Ericsson
et al. 1988; Thorén et al. 1989a; Sahle et al. 1990; Thorén
et al. 1994). In addition, death from asthma and chronic
obstructive pulmonary diseases has been found among
workers exposed to soft-paper dust (Thorén et al.
1989b).

The evidence for malignant diseases in pulp and
paper mills was reported in a second review article
(Thorén et al. 1996b). The authors reported an in-

creased risk for lung cancer among workers exposed to
asbestos, chlorine compounds, wood dust, terpenes
and slimicides. Weak, although inconsistent, associa-
tions for increased cancer mortality rates have also
been found in a retrospective follow-up study of 3,241
workers in the pulp and paper industry in Spain (Sala-
Serra et al. 1996). In a large Canadian cohort mor-
tality study of 30,157 male workers in pulp and paper
mills, an increased mortality rate for malignant cancers
was found (Band et al. 1997). Those malignancies were
associated with the following known or suspected
carcinogens to which the workers were exposed:
asbestos (pleura), biocides (kidney), formaldehyde
(kidney, brain, Hodgkin’s disease) and hypochlorite
(oesophagus).
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