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Summary Jobs and exposures in woodwork may entail
an elevated risk of lymphomas and leukemias Expo-
sures occurring in woodwork were scrutinized in a small
industry-based case-referent study of four cases of Hodg-
kin's disease, eight cases of non-Hodgkin's lymphoma, 12
cases of leukemia, and 152 matched referents, all from
the Finnish wood industry Past exposures to wood dust,
chlorophenols, terpenes, and engine exhaust, individu-
ally reconstructed through plant and period-specific job
exposure matrices, were unrelated to lymphoma/leuke-
mia risk Exposures to various solvents were associated
with an odds ratio (OR) of 5 6 ( 95 % confidence interval
1.0-32 0) The OR for formaldehyde was 2 5 (nonsig-
nificant) The results are interpreted as providing limited
evidence of the role of exposure to some as yet unidenti-
fied organic solvents in increasing the risk of malignant
lymphomas Formaldehyde may be another woodwork-
related risk factor for some lymphomas, but the power
of the study was too low for empirical confirmation of
this possibility Leukemias did not seem to be associated
with any of the exposures studied.
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Introduction

Epidemiologic studies have given rise to some concern
over the possibility of an elevated risk, in various
categories of woodworkers, of Hodgkin's disease l 1, 9,
10, 12, 13, 23, 24, 32 l, non-Hodgkin's lymphoma l 24,
30 l, and leukemia l 7, 8, 16, 17, 20, 22, 24, 25, 27, 28, 34 l.
The wood industry presumably entails exposures to
chemical risk factors for leukemias and lymphomatous
malignancies Benzene may have been present, at least in
lacquer production l 26 l Additional compounds, agents,
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and mixtures related to woodwork and suspected of being
associated with risk of leukemia include fresh wood l 8 l,
formaldehyde l 33 l, organic solvents l 21, 28 l, e g ,
acetone and hexane l 6 l, and engine exhaust l 4, 8 l As
regards Hodgkin's and/or non-Hodgkin's lymphomas,
organic solvents l 5, 14, 21, 29, 31 l, diesel exhaust l 4 l,
creosote l 31 l, and other wood preservatives, notably
chlorophenols and chlorophenates l 12, 14 l, have been
pinpointed as possibly hazardous factors present in the
wood industry An enhanced lymphoma hazard was ob-
served for men in Swedish silvicultural occupations l 35 l,
but no specific chemical agents could be identified as re-
sponsible.

This is a report of a small case-referent study in-
tended to explore whether selected exposures in the
wood industry increase the risk of contracting malignant
lymphoma or leukemia.

Materials and methods

The case of malignant lymphoma (ICD-7 codes 200-202) and leu-
kemia ( 204) in a retrospective all-male cohort of 7307 Finnish pro-
duction workers in the wood industry were traced through the data
base of the Finnish Cancer Registry This cohort was initially
employed in a case-referent study on respiratory cancer and form-
aldehyde exposure l 30 l It was an entry cohort of workers first
employed between 1945 and 1963 in particle board, plywood, con-
struction carpentry, furniture, sawmilling, and formaldehyde ad-
hesive manufacturing industries At least a year of employment in
the factories was required for eligibility Only plants that claimed
to have complete retrospective employee files since 1944 were con-
sidered The number of plants was 35.

Between 1957 and 1982, eight non-Hodgkin's lymphomas, four
cases of Hodgkin's disease, and 12 leukemias were diagnosed and
notified to the Finnish Cancer Registry from among the cohort
members, the combined case series totalling 24 One to eight
matched referents were selected for each case from among the
cohort members who had not contracted cancer during the retro-
spective follow-up The matching was effected with reference to
year of birth and survival/nonsurvival in 1983 The total number of
qualified referents was 152 ( 52 for the cases of non-Hodgkin's lym-
phoma, 21 for the cases of Hodgkin's disease, and 79 for the cases
of leukemia).
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Individual exposures to formaldehyde, wood dust, pesticides,
chlorophenols, phenol, terpenes, solvents, and engine exhaust
were reconstructed using a plant/period-specific job exposure
matrix l 18, 19, 30 l The job histories of the cases were extracted
from the company records and completed by interviews of selected
persons at the plants and by questionnaires sent to the cases or to
their next-of-kin in 1982-1983 The job histories of the referents
were based on the company records only, because no additional
data collection was feasible in 1990, when the referents were
selected This asymmetry in exposure data between cases and refe-
rents introduces a potential source of bias (see Discussion).

The exposure reconstruction resulted in binary categorization
(yes/no) of each exposure, the cutoff points corresponding roughly
to the concentrations in the nonoccupational environment A
minimum of 1 month of exposure was required for positive expo-
sure The minimum criterion of formaldehyde exposure was set at
an estimated cumulative exposure of 3 ppm-months When there
was doubt regarding the presence or absence of exposure in any in-
dividual assessment, the value of the exposure indicator was de-
clared missing, and the person was excluded from the statistical
analysis if the exposure indicator was included in the model.

To allow for equal exposure opportunity between the cases and
the referents and for a latency period of some length, the expo-
sures in each set of cases and referents were lagged by 10 years,
i.e , exposures that had occurred during the 10-year period prior to
the diagnosis of the case were ignored.

Bi and multivariate logistic regression models, conditional on
the matched sets, were fitted to the data Odds ratios (OR) were
estimated, and 95 % confidence intervals ( 95 % CI) were calculated

Table 1 Odds ratios (OR) and their 95 % confidence intervals
( 95 % CI) for the exposures under study Leukemias and lym-
phomas pooled Conditional logistic regression

Exposure Na OR 95 % CI

Formaldehyde 7 2 49 0 81 7 59
Wood dust 15 1 06 0 38 2 93
Chlorophenols 2 0 91 0 18 4 51
Terpenes 2 0 82 0 17 3 93
Solvents 4 5 62 0 99-32 0
Engine exhaust 2 0 81 0 15 4 21

a Number of exposed cases

Table 2 Odds ratios (OR) and their 95 %
confidence intervals ( 95 % CI) for form-
aldehyde, wood dust, and solvents, adjusted
for confounding effects of each other.
Multivariate conditional logistic regression
on complete data and bivariate conditional
logistic regression on data subsets

on the assumption of Gaussian sampling distribution of the coeffi-
cients of the models The numbers of cases exposed to pesticides
and phenol were too small for statistical analysis.

Results

The mixed category of solvents was associated with the
highest OR ( 5 6) of leukemias and lymphomas com-
bined (Table 1); this value bordered on statistical signifi-
cance The OR for formaldehyde was 2 5, the lower con-
fidence limit remaining well below unity Wood dust,
chlorophenols, terpenes, and engine exhaust were not
associated with an excess risk.

Concurrent exposures within individuals in the study
base may have been a confounding factor This was
scrutinized among the referents for formaldehyde and
solvents (i e , the exposures possibly associated with an
elevated risk) and wood dust (i e , the most prevalent ex-
posure) The most obvious potential confounding occurred
due to the association of wood dust with formaldehyde:
only three referents exposed to formaldehyde were un-
exposed to wood dust The three exposures were there-
fore added to the regression models, according to their
conjectured potential to confound each other In an
alternative model, subjects with two interrelated expo-
sures were omitted from the data, and bivariate regres-
sion was carried out for one of the exposures at a time.

Table 2 shows that the elevated risk of lymphomas
and leukemias (pooled) associated with solvent and
formaldehyde exposure remained roughly at the levels
observed in the crude analysis after control for con-
founding effects (Table 1), while the borderline statisti-
cal significance observed for solvents in the crude analy-
sis was lost The O Rs for wood dust remained near or
below unity after controlling for potential confounding
effects.

The different types of cancer were then separated to
reveal whether any particular exposures were associated
with specific cancers Table 3 shows that formaldehyde

Complete data

Exposure Factor adjusted for OR 95 % CI

Formaldehyde Solvents 2 27 0 64 7 98
Formaldehyde Wood dust 2 73 0 79 7 98
Solvents Formaldehyde 5 07 0 40-63 5
Wood dust Solvents 1 04 0 36 3 06
Wood dust Formaldehyde 0 67 0 24 2 17
Wood dust Solvents, formaldehyde 0 69 0 21 2 29

Restricted data

Exposure Data OR 95 % CI

Formaldehyde (FA) Unexposed to SOL 2 01 0 56 7 27
Solvents (SOL) Unexposed to FA 3 36 0 45-25 0
Wood dust Unexposed to FA 1 32 0 37 4 71
Wood dust Unexposed to SOL 1 11 0 33 3 67
Wood dust Unexposed to FA and SOL 1 25 0 30 5 14
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Table 3 Odds ratios (OR) and their 95 % confidence intervals ( 95 % CI) for the selected exposures Conditional logistic regression

Exposure Leukemias All lymphomas Hodgkin's disease Non-Hodgkin's lymphomas

Na OR 95 % CI Na OR 95 % CI Na OR 95 % CI Na OR 95 % CI

Formaldehyde 2 1 40 0 25-7 91 5 4 02 0 87-18 6 1 _b 4 4 24 0 68-26 6
Wood dust 6 0 56 0 15-2 18 8 2 14 0 43-10 6 3 2 14 0 21-21 6 5 2 13 0 23-19 7
Solvents 2 _b 2 3 06 0 41-22 7 b 2 b

a Number of exposed cases
b Not calculable

exposure might be related to non-Hodgkin's lymphomas,
wood dust to all types of lymphoma, and solvents to
some or all types of lymphoma The numbers, however,
dwindled rapidly after diagnostic stratification, and the
O Rs are very unstable.

Discussion

The precision of this study suffers from low power deriv-
ing from the small number of cases Inaccuracy may
arise from possible misclassification of diagnoses and
exposures We have every reason to believe, however,
that the accuracy of cancer diagnoses has been high, as
all were rechecked at the Finnish Cancer Registry.

The specificity of the exposure assessment which is
crucial when exposures are rare was in all likelihood
sufficiently high Every effort was directed toward
avoiding false-positive exposures In case of doubt, indi-
vidual exposure indicators were handled as missing val-
ues and omitted from the analysis.

The most serious potential source of bias concerns
the reconstruction of exposures, which was probably
effected with higher accuracy for the cases than for the
referents This is reflected in the fact that 71 % of the
cases but only 36 % of the referents were designated as
holders of more than one job title in the data from the
time of entry into the cohort until 10 years before the
diagnosis of the case For more than two job titles, the
figure was 8 % among both the cases and the referents.
The asymmetry of information was unavoidable, as the
particular conditions at the time of data collection did
not allow for the acquisition of more symmetric informa-
tion from the cases and the referents Any misclassifica-
tion of exposures originating at this source is likely to
have induced uniform effect amplification in the OR
estimates across the different exposures While full re-
cognition should be accorded to the seriousness of the
bias potentially induced, it appears that the O Rs were
not uniform between exposures For this reason, we be-
lieve that some significance can be assigned to the ele-
vated risk associated with exposure to solvents and pos-
sibly formaldehyde It is of some interest that no indica-
tion of elevated risk was discernible for either chloro-
phenols or wood dust The predominant species of wood
that had been processed were pine, spruce, and birch.

Smoking may have been a potential confounding vari-
able if smoking indeed has a role in the development of
lymphomas and leukemias Smoking data were not

available for the referents, and control for any possible
confounding effect from this source was therefore im-
possible It is conceivable, however, that smoking was
fairly evenly distributed in the study base as all were
industrial workers subject to presumably similar restric-
tions on smoking on the working premises Neverthe-
less, the small numbers may have invited chance con-
founding, assuming that these cancers have a smoking-
related etiology, which in itself is by no means obvious.

The main result of this small study concerns solvent
exposure in the various woodworking industries The
number of solvents to which exposure occurs is substan-
tial; they include constituents of stains, lacquers, and
varnishes such as aromatic hydrocarbons (toluene,
xylenes; less often benzene and styrene), esters (butyl
acetate, ethyl acetate), alcohols (butanol, isopropanol,
ethanol), aliphatic hydrocarbons (solvent naphtha,
white spirits), ketones, and glycol ethers The different
compounds vary between countries, time periods, manu-
facturing categories, facilities, and job titles Surface
coating of furniture and wooden structures probably car-
ries the highest burden of organic solvent exposure,
which in individual workers typically consists of multiple
compounds.

The statistically unstable indication that formalde-
hyde exposure is associated with an elevated risk seems
to relate more to lymphomas and particularly non-
Hodgkin's lymphomas than to leukemias To our knowl-
edge, few such findings have been reported in epide-
miologic studies One reason might be that the issue has
seldom been seriously addressed As possibly relevant
findings one might cite a highly unstable indication of
elevated mortality from hematologic neoplasms among
formaldehyde-exposed workers producing resins l 2 l,
a statistically nonsignificant O/E ratio of 14:10 for
Hodgkin's disease among workers exposed to formal-
dehyde in formaldehyde-producing or -using facilities
l 3 l; and an increased SMR (O/E = 8:3 3 ; P < O 01) for
lymphoma and hematoma but not Hodgkin's disease
among British pathologists and medical laboratory tech-
nicians presumably exposed to formaldehyde l 15 l In
contrast to these results, no association was found be-
tween either Hodgkin's disease or non-Hodgkin's lym-
phomas and formaldehyde exposure in a multisite case-
control study in Montreal l 11 l.

In conclusion, the data are supportive, though to a
limited degree only, of the role of exposure to some un-
identified organic solvents in increasing the risk of malig-
nant lymphomas Formaldehyde may be another wood-
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work-related risk factor for some lymphomas, but the
power of the study was too low for empirical confirma-
tion of this possibility Leukemia did not show any clear
association with any of the exposures studied.
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