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ABSTRACT Pulmonary function was studied among pulp and paper workers from a production
facility in New Hampshire. Subjects were first tested in the 1960s and then surveyed at regular
intervals up to 1985. The current study examined results for the 339 subjects who participated in at
least one of the two most recent follow up surveys in 1979 and 1985. For the 171 subjects who were

tested in both surveys, the pulmonary function values were higher and the effect ofpulp mill work was
diminished compared with the findings for the 168 subjects who were tested in just one of the two
surveys. To avoid the loss of less healthy subjects and the subsequent bias in effect estimate, the 1985
data were analysed cross sectionally with the inclusion of data from 1979 for those subjects who had
not been followed up in the last survey. The subjects with work experience in the pulp mill had mean
levels of forced expiratory volume in one second (FEV,) and forced vital capacity (FVC) lower than
those of unexposed subjects who had never worked in the pulp or paper production areas. Based on
parameter estimates from regression analysis, each year of employment in the pulp operation was

associated with a - 5 8 ml change in FEV, (p = 008) and a - 7-2 ml change in FVC (p = 004).
Ninety one per cent of the subjects with pulp mill experience had terminated employment in that area
of the company, so the association with decreased lung function appears to be a non-reversible effect
that persisted after the cessation of exposure.

Employment in pulp and paper operations entails
exposure to several airborne chemicals. In chemical
pulping operations workers are exposed to various
irritant gases, including sulphur dioxide, hydrogen
sulphide, methyl mercaptan, chlorine, and chlorine
dioxide. In paper mills workers may be exposed to
paper dust and to the various fillers and additives
added to the pulp mixture before the making of the
paper.

Cross sectional studies of pulmonary function
among pulp and paper production workers have
yielded inconsistent findings. In two studies conducted
in Finland no differences in pulmonary function were
noted when comparing chlorine plant workers with
other paper company employees.'2 From a Canadian
study, the spirometry results for subjects who worked
in a sulphite pulp mill or a paper mill were similar to
those for the unexposed workers.3 In another study in
Canada, among young non-smokers, bleachery work-
ers had significantly lower values for both the maximal
mid-expiratory flow rate and the ratio of the forced
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expiratory volume in one second and forced vital
capacity (FEV,/FVC) compared with unexposed
railyard workers.4 In the same study, among older
subjects, maintenance workers had decreased FVC in
comparison with the railyard workers. Subjects from
the sulphate pulp mill, however, had spirometry
results that did not significantly differ from those of
railyard workers. A study in Norway showed that
among subjects aged under 50, sulphite pulp mill
workers had decreased maximal expiratory flow rates
relative to paper mill workers.5

In the current study subjects from a 24 year
prospective study of respiratory health in Berlin, New
Hampshire, are used to examine pulmonary function
among employees from the local paper company. The
subjects were initially tested in the 1960s and then re-
examined at regular intervals. The results from a
subset of the current study population have been
published.67 Those papers reported some respiratory
problems in workers, particularly among employees in
the pulping process. The data used for this study are
from the two most recent field surveys conducted in
1979 and 1985. This study differs from the earlier
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studies in that it includes more subjects and improved
comparison groups.
The goals of this study were:

(1) To test whether the pulmonary function values
for subjects who worked in the pulp production areas

of a paper company were lower than those of unex-

posed subjects.
(2) To examine how non-participation in the follow

up surveys was related to respiratory health and how it
may bias effect estimates.

Methods

STUDY POPULATION
A prospective study of respiratory health was initiated
in Berlin, New Hampshire, in the 1960s. A total of
1098 white male subjects participated in at least one of
the field surveys. There were 827 white men who were

enrolled from the general population, first tested in
either 1961 or 1967, and then invited to follow up

surveys every six years.89 Another 271 white men,

selected from the workers at the local paper company,
were first tested in 1963, and then retested in 1973,
1979, and 1985.6 The results from testing the paper

company group were published after the 1963 and
1973 field surveys.67 At each survey, subjects were

tested by means of an interviewer administered ques-

tionnaire and a pulmonary function test (PFT). The
questionnaire inquired about respiratory symptoms
and diseases, smoking history, and work history.
The white men from the Berlin study were included

in the current study if they met the following selection
criteria:

(1) Participated in a follow up survey in either 1979
or 1985.

(2) Worked at least one year at the paper company
in Berlin, New Hampshire.

(3) Worked less than five years in pulp and paper
production in other paper companies.

(4) Met the reproducibility criteria for pulmonary
function test results in 1979 or 1985.

In addition to the 271 subjects enrolled in 1963,
another 612 of the 827 men enrolled from the general
population in 1961 and 1967 had also worked in the
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paper company at some time. By considering all the
men surveyed in Berlin, regardless of when they were
enrolled, the current study included more subjects
than the earlier analyses of the paper company group.

OCCUPATIONAL EXPOSURE
The sulphite pulp process was used by the paper
company in Berlin, New Hampshire, from the late
nineteenth century up to 1963. The sulphate pulping
process was first used in 1948 and expanded after the
sulphite operation was discontinued. The company
stopped manufacturing chlorine by 1966 but con,

tinued to purchase it for use as a bleaching agent for
pulp.

Measurements of airborne contaminants were con-
ducted in the sulphite pulp mill and chlorine com-
pound areas in 1958, 1962, and 1963, and in the
sulphate pulp mill in 1963. The concentrations of
sulphur dioxide and chlorine decreased over those five
years from 1958 to 1963 (table 1). The downward trend
was probably attributable to changes in processes and
control devices instituted in the late 1950s and early
1960s. As indicated in table 1, the exposure levels in
1963 were within the 1985 OSHA standards.'0
Additional process changes have been introduced in
the company since 1963, which may have reduced
overall exposure levels. Unfortunately, no other
measurements of airborne contaminants were avail[
able from the company.
With so few exposure measurements, the

occupational exposure variables were based entirely
on the lifetime work histories from the survey ques-
tionnaires. Subjects were assigned to the following
three occupational categories according to their work
experience in the paper company in Berlin, New
Hampshire:

(1) Ever worked at least one year in the pulp mill.
(2) Ever worked at least one year in the paper mill.
(3) Ever worked at least one year in the paper

company but never in the pulp or paper mill-that is,
the unexposed subjects.
Subjects could be included in both the pulp mill and
the paper mill categories, but the unexposed category
was exclusive of the other two groups.
Work in the pulp mill was further characterised by

Table 1 Exposure levels (ppm) for selected airborne substancesfrom the pulp operation in Berlin, New Hampshire*

OSHA Mean exposure levels Max exposure levels
standard

Compound in 1985 1958 1962 1963 1958 1962 1963

Sulphur dioxide 5t 13 4 2 33 8 7
Chlorine 5t 7 Trace < 0 009 64 Trace Trace

ppm = parts per million.
*Adapted from table III, Ferris et al.6
OSHA standards as of 1985.1'
tEight hour time weighted average.
$Ceiling level.
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Pulmonaryfunction among pulp andpaper workers in Berlin, New Hampshire
area of pulping process-that is the sulphite mill,
sulphate mill, or the chlorine operation-and number
of years of employment. Subjects who worked in the
sulphite and sulphate pulp mills were exposed to
sulphur dioxide, hydrogen sulphide, and other sulphur
compounds. Subjects from the chlorine operation had
worked in either the manufacture or use of chlorine
and chlorine dioxide.

PULMONARY FUNCTION TESTING
The pulmonary function of subjects was evaluated
using water filled survey recording spirometers. The
same spirometers were used at the surveys in 1979 and
1985. At each field survey, the spirometers were
calibrated against each other during use and observed
to agree within 1% or better. The field survey person-
nel were given strict instructions on how to administer
the test to ensure that the measurements were per-
formed in a standard fashion."' 2 The spirometry was
conducted with the subject sitting and without a nose
clip. Usually, five trials were done for each subject. The
tracings were read by hand and corrected to BTPS.
Height was measured with a right angle while the
subject stood in stockinged feet against a wall.
The rules for the reproducibility of both the FEV,

and the FVC were developed by the Six Cities Study'3:
(1) If the first and second largest values were within

200 ml then the test was acceptable.
(2) If rule 1 was not met the largest value was

discarded and the test was reproducible if the second
and third largest blows were within 200 ml.

(3) If first rule 1 and then rule 2 were not fulfilled
then the test was unacceptable.
The maximum value was determined from the pair of
results that met the 200 ml criterion.

Prediction equations from the Six Cities Study were
initially considered for application in this study.'4 The
Six Cities Study and the study in Berlin, New Hamp-
shire, were initiated by the same researcher, used the
same spirometers and research protocols, and
employed many of the same field survey personnel.
The subjects from the current study had mean per cent
predicted FEV, and FVC of 101% and 98%, respec-
tively, based on the equations of the Six Cities Study.
Nevertheless, some important differences in age dis-
tribution and cigarette smoking existed between the
two study populations. The prediction equations from
the Six Cities Study were developed using spirometry
results from adults who were under 75 and among
whom the mean age was about 50. In the current study
approximately 20% of the subjects were 75 or older
and the mean age was 64. Also, the current study
population had many more former smokers and many
fewer current smokers, proportionally, than the
subjects from the Six Cities Study. Given these
differences, the prediction equations from the Six

Cities Study were not used.
Instead, prediction equations for FEV, and FVC

were developed using data from the subjects in the
current cross sectional study. The PFT values for each
subject were then expressed as percentages of predict-
ed values. The prediction equations included the same
covariates as those used in the equations developed by
the Six Cities Study'4: age, age2, current packs of
cigarettes smoked each day, and lifetime pack-years of
cigarettes smoked. Age was centred on 65 years, which
was about the mean age of the study cohort. For the
lifetime smoking covariate, a pack-year is equal to
smoking one pack of 20 cigarettes each day for one
year. The maximum FEV, and FVC were adjusted to
the height ofa typical subject who was 1V73 metres tall.
This was accomplished by dividing the maximum
FEV, or FVC by the square of the subject's height in
metres and then multiplying by (1.73 metre)2.
The prediction equations for FEV, and FVC were:

(FEV,/ht2) x (1-73)2=
2843-8 - 37.7 (age-65) +0-11 (age-65)2 - 23-2
(current packs/day cig) - 6-3
(FVC/ht2) x (1.73)2=
3623-8 - 39.3 (age-65) + 0-28 (age-65)2 - 6-4 (current
packs/day cig) - 3-8 (lifetime pack-years cig)
The R2 values for the two equations were 0-28 and
0-26, respectively.

NON-PARTICIPATION IN 1979 AND 1985 SURVEYS
The protocol for the Berlin study dictated that the field
survey staff should encourage subjects to complete
both the questionnaire and the PFT. In 1979 that
protocol was not strictly followed. The field survey
staff readily accepted a subject's refusal when he
expressed doubt about performing the PFT. In such
cases the subject was often interviewed but the PFT
was not performed.

Failure to participate may also have been due to the
poor health of the subject. The relative healthiness of
the subjects who were tested in only one of the two
surveys conducted in 1979 and 1985 was evaluated by
comparing their mean PFT values with the results for
the subjects who were tested in both surveys. Also, the
potential bias associated with non-participation was
evaluated by examining the association of
occupational exposure with decreased pulmonary
function in the cross sectional data, first among the
subjects who were tested in both 1979 and 1985 and
then among the subjects who were tested only once.

STATISTICAL ANALYSIS
The analysis of longitudinal change from 1979 to 1985
was necessarily limited to the subjects who were tested
at both surveys. The analysis of cross sectional data
was based on the results from the 1985 survey. In
addition, for the subjects who participated in 1979 but
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not in 1985 data from the 1979 survey were used.
Using the additional data from 1979 helped to mini-
mise the loss of information that resulted from
subjects who were lost to follow up in 1985.
T statistics were used to test for significant differen-

ces in mean per cent predicted pulmonary function
between occupational groups. Least squares linear
regression analysis was also used to estimate effects on
pulmonary function and test for statistical sig-
nificance. All statistical analysis was done on a
personal computer using programs from SAS.'5

Results

FREQUENCY OF PARTICIPATION
There were 232 subjects from the 1979 survey and 278
from the 1985 survey who fulfilled the selection criteria
(table 2). The subjects from the two field surveys
represent 339 individuals, ofwhom 61 were tested only
in 1979, 107 only in 1985, and 171 in both surveys. Of
the 61 tested only in 1979, 26 had died by the 1985
survey and the remaining 35 were alive but not
resurveyed. Among the 107 subjects successfully tested
with PFT only in 1985, 57 missed the 1979 survey and
the other 50 completed only the questionnaire in 1979.
Each of the four groups of subjects tested only once

had significantly lower mean per cent predicted FVC
than those tested in both 1979 and 1985 (table 3).
Similar results were also observed for FEV,. In
addition, effect estimates were biased as a result of
non-participation. The effect of occupational
exposure on PFT was diminished among the 171
subjects tested twice when compared with the effect
evident among the 168 subjects who were tested only
once (table 4). In particular, the difference in mean per
cent predicted FVC between the pulp mill and unex-
posed subjects was less among subjects tested twice
than among subjects tested only once. A similar
pattern was observed for FEV,. Further analysis
showed that this bias was because pulp mill workers
with low lung function were more likely to have
participated only once than were the unexposed
workers with low lung function.

LONGITUDINAL RESULTS
Among the 171 subjects tested in both 1979 and 1985,
120 did not smoke cigarettes during the six years
between surveys. The mean annual changes in FEV,
and FVC for the non-smokers showed little variation
by type of paper company employment and whether
the employment was past (before 1979) or recent (from
1979 to 1985) (table 5). There was some indication that
subjects with recent pulp mill experience had a greater
mean decline in FEV, (-41 ml/y) and that recent
paper mill workers had a relatively small mean decline
in FVC (-14 ml/y) compared with unexposed
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subjects. Linear regression analysis was conducted
with all 171 subjects, controlling for age and cigarette
smoking, with the outcomes of annual changes in
FEV, and FVC. For both pulp mill and paper mill
employment, years worked before 1979 and years
worked from 1979 to 1985 were not associated with
statistically significant changes in PFT.

CROSS SECTIONAL RESULTS
In the cross sectional analysis, data from the 1985
survey were used for the 278 subjects tested that year
and data from the 1979 survey for the 61 subjects
tested in 1979 but not in 1985. The inclusion of the
subjects tested only in 1979 minimised both the loss of
less healthy subjects and the subsequent bias in the
effect estimate.
The three occupational categories were similar with

respect to mean age, but the pulp mill category had a
higher percentage of retirees (57%) than the paper mill
(47%) and unexposed (45%) categories (table 6). Also,
compared with the unexposed subjects, the subjects in
the pulp mill and paper mill groups had a smaller
proportion of current smokers and lower levels of
cumulative and current cigarette smoking. The 339
subjects had spent a mean of 32 years working in the
paper company.
The pulp mill subjects had lower mean per cent

predicted FEV, and FVC than the unexposed subjects
(table 7). The mean values for the pulp mill category
were 98% for both FEV, and FVC, whereas the
unexposed subjects had 103% for FEV, and 102% for
FVC. These differences by occupation were not statis-
tically significant by t test (p = 0-12 for FEV, and p =
0 18 for FVC). The mean per cent predicted values for
the paper mill category were 101% for both FEV, and
FVC, which were between those for the other two
occupational groups. The results for the FEV,/FVC
ratio were similar among the three categories.

Experience in the pulp mill was further delineated
by different work areas (table 7). The subjects in the
pulp mill category had worked a mean of 17 years in
that part ofthe company, with an average ofnine years
in the sulphite mill, five years in the sulphate mill, and
three years in the chlorine operation. The subjects in
the sulphate mill group had the lowest mean per cent
predicted FEV, (94%) and FVC (96%) of the three
areas, and the value for FEV, was significantly less
than the comparable value of 103% for the unexposed
subjects (p < 0-05).
The 166 subjects with pulp mill experience had left

that operation a mean of 19 years earlier, and only 15
subjects (or 9% of 166) were still employed in the pulp
mill at the time of their most recent survey. Also, 69%
of the time worked in the pulp mill occurred before
1964, which largely preceded the documented drop in
concentrations of airborne contaminants (table 1).
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Pulmonaryfunction among pulp andpaper workers in Berlin, New Hampshire

Table 2 Selection ofsubjectsfor current study

Field Field
survey survey
1979 1985

Total No of men tested 445 347
Total No of exclusions -213 - 69
Subjects excluded:

Occupation:
Never worked I year in paper co in 64 60
Berlin, NH
Worked > 5 years in pulp or paper 4 3
production not in Berlin, NH

Pulmonary function test:
Did not attempt spirometry 136 5
Attempted, but did not meet 9 1
reproducibility criteria

Subjects included: 232 278
Total No of individual subjects 339

The 151 subjects with pulp mill experience who no

longer worked in that area had mean per cent predic-
ted FEV, (97%, SE = 21) and FVC (98%, SE = 1-7)
that were slightly less than the values for all pulp mill
subjects.

REGRESSION ANALYSES
There was an inverse relation between the number of
years worked in the pulp operation and the mean per
cent predicted FEV, and FVC. By contrast, the
number of years worked in either the paper mill or in
unexposed parts of the paper company were not
predictive of a decrement in pulmonary function.
The effect ofyears worked in the pulp operation was

analysed with least squares linear regression, using the
166 subjects from the pulp mill category and the 76
subjects with no pulp or paper mill exposure (table 8).
A series of models were fitted to height adjusted FEV,
and FVC that included covariates for pulp mill
exposure as well as the four covariates for age and
cigarette smoking as used in the prediction equations.

Each year in the pulping process was associated with
a 5-8 ml decrease in FEV, (p = 0 08) and a 7-2 ml
decrease in FVC (p = 0-04) (model A, table 8). In a
regression model with covariates for number of years
in sulphur compound jobs (in the sulphite and sul-

phate mills) and number of years in chlorine jobs the
two parameter estimates were similar when the out-
come was FEV, (model B, table 8). Specifically, the
estimated changes were - 59 ml (p = 0 I 1) a year of
sulphur compound work and - 5-5 ml (p = 0-38) a
year of chlorine work. With the outcome FVC, the
parameter estimate for the sulphur compound work
was - 8 1 ml a year, which was statistically significant
(p = 0 03). The comparable parameter estimate for
the chlorine years was smaller and the p value was
large (-40 ml a year, p = 0 55).

In a model with covariates for years worked in the
sulphite, sulphate, and chlorine operations, none of
the parameter estimates was statistically significant
(model C, table 8). Nevertheless, similar to the results
for mean per cent predicted PFT, sulphate mill work
had a larger annual decrement in FEVy (- 7 9 ml/y, p
= 0 12) than work in the sulphite mill (- 4-2 ml/y, p =
0 35) or work in the chlorine operation (- 57 ml/y, p
= 037).

Discussion

PULP MILL EXPOSURES
The subjects with work experience in the pulp mill had
values for FEV, and FVC that were lower than those
of the unexposed subjects. Moreover, 91 % of the pulp
mill subjects had terminated employment in that
operation. Thus past pulp mill work was associated
with a non-reversible decrement in lung function that
persisted after the cessation of exposure.

Table 4 Effect ofoccupational exposure on FVC by
frequency ofparticipation

Tested in both Tested once in
1979 and 1985 1979 or 1985

Occupation No FVC* (SE) No FVC* (SE)

Unexposed 40 105% (3-3) 36 98% (4-2)
Ever pulp mill 83 104% (2-4) 83 92% (2 9)
Diff in % pred 1 6

t= 032 t= 16
p = 075 p 0=012

*Mean per cent predicted FVC.

Table 3 Mean per cent predictedFVC (SE) by participation status in the 1979 and 1985 surveys

PFT only in 1979 PFT only in 1985

Still alive in 1985? Questionnaire in 1979?
PFT in both

No Yes No Yes 1979 and 1985*
(n = 26) (n = 35) (n = 57) (n = 50) (n = 171)

92%t (5 0) 95%t (3 7) 97%t (2-7) 96%t (2-5) 105% (1-4)

*Data from the 1985 survey.
tp < 0-05, by t statistic, testing the null hypothesis that the mean value is equal to that of the subjects tested in both 1979 and 1985.
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Table 5 Mean annual change (mily) ofFEV, and FVCfrom 1979 to 1985 among non-smokers, by occupation

FEV, FVC slope

Timing and type ofwork No Mean (SE) Mean (SE)

Work before 1979 only:
Paper mill* 35 -20 (10-8) -17 (10-2)
Pulp mill* 37 -20 (10-2) -26 (9-9)

Work during 1979-85:
Paper millt 23 -25 (11-2) -14 (14.2)
Pulpmillt 15 -41 (90) -31 (9-6)

Never pulp or paper mill 25 - 27 (8 8) - 34 (12 5)
Total 120 -26 (4-5) -24 (51)

*Fourteen subjects were considered in both the pulp and paper mill categories for work before 1979 only.
tOne subject was considered in both the pulp and paper mill categories for work during 1979-85.

Table 6 Descriptive characteristics ofsubjects by
occupation

Ever paper Ever pulp
Unexposed mill mill
(n = 76) (n = 173*) (n = 166*)

Age (y):
% < 50 9% 3% 2%
% 50-9 33% 38% 30%
% 60-9 30% 34% 34%
% > 70 28% 25% 34%

Mean age (y): 63 63 65
% Retired 45% 47% 57%

Cigarettes:
% Never smoked 21% 16% 15%
% Formerly smoked 51% 64% 69%
% Currently smoke 28% 20% 16%

Mean life (p-y)t 32 24 21
Meanpacksaday$ 1-3 1-2 1.1

*Seventy six subjects were considered in both the pulp mill and
paper mill categories.
tCurrent and former smokers. A pack-year (p-y) is equal to
smoking one pack of cigarettes every day for one year.
$Current smokers only.

Table 7 Meanper cent
paper company work

Type ofpaper
company work No

Unexposed 76
Ever paper mill 173*
Ever pulp mill 166*
Pulp mill area:t

Sulphite mill 124
Sulphate mill 44
Chlorine mill 37

*Seventy six subjects were
paper mill categories.
tThirty seven of the 166 sut
more than one of the three
18 sulphite and chlorine,
sulphate, and chlorine.
$p < 0-05, by t statistic, te
value is equal to that of the

Table 8 Regression estimates of the effect on FEV, and
FVC ofyears worked in the pulp mill*

FEV, FVC

Pulp mill Parameter Parameter
covariatest estimate (p) estimate (p)

Model A:
Total years pulp mill - 58 (0.08) - 72 (0-04)

Model B:
Sulphur pulp work (y) -59 (0.11) -8-1 (003)
Chlorine pulp work (y) -5-5 (0.38) -4.0 (0 55)

Model C:
Years in sulphite mill -4-2 (0-35) - 7-8 (010)
Years in sulphate mill - 7-9 (0.12) - 8-3 (0 12)
Years in chlorine pulp - 5-7 (0-37) -4 0 (0 55)
work

*These analyses included 242 subjects: 166 who had ever worked in
the pulp mill and 76 who had never worked in the pulp or paper
mill. The units for each parameter estimate are millilitres per year of
work.
tEach linear regression model also included the following four
covariates: age-65, (age-65)2, current packs of cigarettes smoked a
day, lifetime pack-years of cigarettes smoked. The dependent
variables FEV, and FVC were both height adjusted.

predictedFE V, and FVC by type of There was an inverse relation between lung functionand the number of years of pulp mill employment
(table 8). The individuals who were sensitive to the

Mean per cent predicted (SE) irritant gases such as sulphur dioxide and chlorine in
--VFVEthe pulp mill probably did not remain in that area.FEy, FVC FEV,/FVC Indeed, there is evidence in the personnel records of

103 (2.7) 102 (2.0) 101 (1.6) the paper company in Berlin, New Hampshire, that
101 (1.9) 101 (1.5) 100 (0-9) the management attempted to accommodate the pulp
98 (1.9) 98 (1 6) 99 (1 0) mill workers who were bothered by gases and vapours
99 (2.2) 99 (1.8) 100 (1.1) by transferring them to otherjobs within the company.
94o (346) 96 (3.2) 98 (1.9) Thus the subjects in the current study who remained in100 (4-0) 100 (3.4) 100 (2-0) jobs in the pulp mill were probably the individuals who
considered in both the pulp mill and were least reactive to the irritant gases.

bjects in the pulp mill category worked in
different areas: 16 sulphite and sulphate, COMPARISON WITH PREVIOUS STUDIES OF THE

I sulphite and chlorine, 2 sulphite, PAPER COMPANY

esting the null hypothesis that the mean Previous reports of the paper company workers inunexposed subjects. Berlin, New Hampshire, included only the 271 subjects
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Pulmonaryfunction among pulp andpaper workers in Berlin, New Hampshire
who were enrolled in 1963. By considering all the men
surveyed in Berlin, regardless of when they were
enrolled, the current study included more subjects.

In earlier reports on the employees from the paper
company in Berlin pulp mill workers were usually
compared with either the paper mill workers or
subjects from the general population.6" There were
problems of misclassification of exposure with both
comparison groups. As discussed in previous reports,
several of the paper mill subjects had worked in the
pulp mill before transferring to the paper operation.6
Also, as noted above, many of the men selected from
the general population of Berlin had worked in the
paper company and some were employed in the
production of pulp and paper. The presence of
subjects with pulp mill experience in the "unexposed"
comparison group would bias any measure ofeffect to
the null. In the current study an attempt was made to
minimise misclassification by redefining the compari-
son population. In particular, the comparison group is
composed of subjects who had worked in the paper
company but had never worked in the pulp or paper
production areas.
There are findings from the current study ofsubjects

from the 1979 and 1985 surveys consistent with the
findings reported after the surveys of 1963 and 1973.
One concerned the effect of accumulated work
experience. For subjects aged 50 and older in the 1963
survey, those working in the pulp mill had lower per
cent predicted FVC values than did those working in
the paper mill.6 Similarly, in the 1973 testing it was
observed that among the subjects who retired between
1963 and 1973 the workers from the pulp operation
had lower FEV, and FVC than did those who had
formerly worked in the paper mill.' In both these
earlier reports the age specific findings probably
reflected the fact that the older pulp mill workers had
accumulated the most years of work in exposed jobs.
Similarly, in the current study pulmonary function
varied inversely with the number of years worked in
the pulp mill.
A new finding from the current study is that the

mean FEV, and FVC for the sulphate mill group were
lower than the comparable values for the sulphite mill
group. This observation was unexpected, given that
exposure concentrations of sulphur dioxide were
usually higher in the sulphite mill.6 The measures of
airborne contaminants cover a short period, however,
and provide a limited basis for evaluating the his-
torical exposures that occurred over several decades in
both mills.

LONGITUDINAL ANALYSIS AND FUTURE WORK
The longitudinal analysis was limited to subjects who
participated in both the two consecutive surveys (1979
and 1985) which occurred several years after the

prospective study was initiated. Based on cross sec-
tional data, these subjects were healthy survivors
(table 3), among whom the effect of occupational
exposure was diminished (table 4). Similarly, the
longitudinal analysis showed no significant differences
by occupation. By going beyond the last two surveys
and examining longitudinal data from the entire 24
years of the prospective study, the exclusion of
subjects would be minimised and the amount of data
per subject would be maximised.

Using the data from all the field surveys would make
possible the evaluation of change in PFT during and
after occupational exposure. The lower pulmonary
function associated with past pulp mill employment
observed in the cross sectional data could have
resulted from an accelerated rate of decline while the
subjects were still exposed. At the end ofexposure, the
rate of decline may have slowed to a more "normal"
level. These issues could be addressed by using all the
available data starting with the first survey in 1961.
The finding ofan association between past pulp mill

work and lower lung function raises the issue of the
safety of current pulp mill employment. As noted, the
study cohort contains few subjects who are currently
working in the pulp mill. To study the relation between
recent employment in the paper company and pul-
monary function, it would be necessary to test current
employees. It would also be necessary to conduct the
appropriate air monitoring studies in order to estimate
concentrations of substances such as sulphur dioxide,
hydrogen sulphide, and chlorine.
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