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Chromosome aberrations in peripheral lymphocytes of workers
employed in the plywood industry
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KURTIIO P, NORPPA H, JARVENTAUS H, SORSA M, KALLIOKOSKI P. Chromosome aberra­
tions in peripheral lymphocytes of workers employed in the plywood industry. Scand J Work Environ
Health 1993;19:132-4. Workers employed in sawmills and in the manufacture of plywood are ex­
posed to potentially mutagenic chemical aromatic emissions from wood. However, very little is known
about the exposure to these natural wood components. In an attempt to determine whether such expo­
sure could have clastogenic effects, a group of 13 male nonsmoking employees mainly from the be­
ginning of the wood-processing line of three plywood mills and 15 matched nonsmoking referents
were studied for chromosome aberrations in blood lymphocytes. A statistically significant elevation
of the frequency of cells with chromatid-type breaks (mean 2.1%), as compared with the correspond­
ing frequency of the referents (mean 1.0%),was observed for the lymphocytes of the wood workers.
These results lend support to previous studies which suggested that wood-drying fumes may be carci­
nogenic.
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Workers in the plywood indu stry are exposed to var­
ious suspected or known carcinogens ( I). In addition,
complex uncharacterized emi ssions from mechani­
cal wood processing have been reported to cause
coug hing, throat irrit ati on, and a slight decline in
lung function (2, 3).

In a Finnish case-referent study ( I), an association
was found between resp iratory cancer and work in
the mechanic al wood indu stry. Exposure to terp enes
and other products from the he ating of coniferous
timber was significantly associa ted with an increa sed
risk of respiratory cancer when the duration of ex­
posure exceeded five years. In addition, exposure to
pesticides and phenol seemed to increase the risk. A
similar association had not been observed for expo­
sure to wood dust or form aldehyde (I, 4). Wood
workers who are in contact with fresh wood are also
suspected to be at an elev ated risk for chronic lym­
phatic leukemia, while no such relation has been
found for persons working with dried wood (5) .
Fum es from spruce and birch were observed to be
mut agenic in the Ames ' Salmonella mammalian mi­
crosome assay, but no mutagenicity was observed
with wood du sts of these species (6) . The se studi es
suggest that compounds em itted from fres h wood or
formed from it by heating may be a carcinogen ic haz­
ard to exposed humans.
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In our study, workers exposed to natural em ission s
from wood (pine, spruce, and birch) processin g dur­
ing veneer production were examined for chromo­
some aberrations in their blood lymphocyte s.

Subjects and methods
Fifteen male plywood workers [mean age 47 (SD 5)
years ] from three factor ies in eastern Finland formed
the exposed group. They had been employe d in ve­
nee r produ ction for an average of 20 (SD 7) years
and were selected from non smokers working prima­
rily at the beginning of the process in tasks such as
barking , cutting, and peeling logs (table I). Thus they
were supposedly exposed to the heating products and
other compounds emitted from wood. Five of the
workers (numbers 11-15) were employed in activ­
itie s such as loading (gluing department ), pressing,
sawing, and sorting plywood, with potent ial expo­
sure to glues and formaldehyde , in addition to the
em issions from wood. The exposed workers were
employed at wood processing mill s that had earlier
been included in a study of chemical exposure in the
plywood industry (7) .

The referents [mean age 47 (SD 5) yea rs] were
men who were nonsmokers and matched for age with
the exposed workers. The y were from the same town
and were empl oyed by a municipal energy plant, a
loading company, or a health care center.

Before the blood sampling, all of the subjec ts filled
out a questionnaire which included questions about
their age , present and previous jobs, chemical expo ­
sures, diseases, hospitalizations, X-ray exposures ,
recent virus infections, medi cat ion , recent vaccina­
tion s, alcohol consumption, diets, and present and



previous smoking habits. The questionnaire con­
firmed that all of the persons studied, except one ex­
posed worker , were nonsmokers. In the final results,
the only smoker and another exposed person whose
lymphocyte cultures did not yield enough metaphases
for analysis were excluded. The questionnaire re­
vealed no other condition or exposure among the sub­
jects that would be known to influence chromosome
aberration analysis.

To minimize possible interference by culture con­
ditions, we collected all of the blood samples and
used them for the lymphocyte cultu res during a sin-
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gle day. The venous blood samples were collected
into tubes containing lithium heparin (Terumo Ven­
oject , Leuwen, Belgium). The whole-bl ood lym­
phocyte cultures, two from each sample, were set up
as previously described (8) and were cultivated for
48 h. The cells were harvested, fixed, put on slides ,
and stained as reported earlier (9, 10). The dupl icate
cultures were united at harvest. The slides were
coded, and metaphases were located with the use of
automated metaphase finding (Cytoscan Cytogenetics
Image Analysis System CS2, Warrington , United
Kingdom). The found metaphases were recalled with

Table 1. Chromosome aberrat ions in peripheral lymphocytes of the workers employed in veneer produc tion and th e referents.

Durat ion
Cells wi th chromosome aberrat ions (%)

Person Age of work Tasks in Chromo- Total
number (years) in mill mill Gaps Chromat id- some-

(years) type Gaps Gaps
type exc luded included

Veneer workers
51 28 Operator in 0.0 3.0 1.0 4.0 4.0'

drier plant
2 44 20 Operator in 0.0 4.0 1.0 5.0 5.0

drier plant
3 49 16 Controller in 1.0 3.0 2.0 5.0 6.0b

barki ng plant
4 44 26 Turner 0.0 2.7 0.0 2.7 2.7c

5 40 13 Turner 1.0 2.0 2.0 4.0 5.0
6 47 19 Controller in 0.0 1.0 2.0 3.0 3.0

barkin g plant
7 54 23 Operato r in 1.0 1.0 0.0 1.0 2.0

drier plant
8 40 15 Operator in 0.0 2.0 0.0 2.0 2.0

turner department
9 58 30 General opera tor 0.0 2.1 0.0 2.1 2.1d

10 55 21 General operator 0.0 1.0 1.0 2.0 2.0
11 46 22 Contro ller in 1.0 3.0 1.0 4.0 5.0

sawing departm ent
12 41 21 Loadin g truck 0.0 1.0 1.0 2.0 2.0

driver
13 43 23 Operator of press 0.0 3.0 0.0 3.0 3.0
14 50 2 Quali ty sorter 0.0 3.0 3.0 6.0 6.0
15 50 22 Quality sorter 0.0 1.0 0.0 1.0 1.0

Mean 47 20 0.2 2.1" 0.9 3.0 3.2

R ef erents

1" 44 2.0 2.0 2.0 4.0 6.0
2 43 1.0 3.0 0.0 3.0 4.0
3 44 0.0 0.0 0.0 0.0 0.0
4 49 1.0 0.0 3.0 3.0 4.0
5 58 0.0 0.0 1.0 1.0 1.0
6" 48 0.0 2.0 1.0 3.0 3.0
7 51 0.0 1.0 0.0 1.0 1.0
8 41 0.0 0.0 3.0 3.0 3.0
9" 52 0.0 0.0 1.0 1.0 1.0

10 51 0.0 2.0 1.0 3.0 3.0
11 42 1.0 2.0 0.0 2.0 3.0
12 49 1.0 1.0 1.0 2.0 3.0
13 52 0.0 1.0 0.0 1.0 1.0
14 41 1.0 1.0 0.0 1.0 2.0
15 46 1.0 0.0 0.0 0.0 1.0

Mean 47 0.5 1.0 0.9 1.9 2.4

a Five aberrat ions/100 metaphases.
b A smoker, not inc luded in the means.
c Thirty-seven metaphases found , not included in the means.
d Forty-eight metaphases found .
e Medication for hypertension.
•• P<0.01 , Mann-Whit ney u-test (2-tailed).
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inranking set "off. " Using the Cytoscan microscope,
a microscopist analyzed 100 metaphases per person
for the presence of structural chromosome aberra­
tions.

The mean number of aberrant cells among the ex­
posed and reference groups were statistically com­
pared with the Mann-Whitney u-test (2-tailed).

Results and discussion
The workers employed in plywood production
showed about a two times higher frequency of cells
with chromatid-type aberrations than the referents
(table I). The difference was statistically significant
(P < O.OI) . All of the excess aberrations were single­
cell chromatid breaks.

An association has been shown in mechanical
wood processing between increased risks for respi­
ratory cancers and exposure to pesticides and the
heating products of wood ( I) . The subjects of this
study were selected mainly from the beginning of the
wood-processing line where exposure to pesticides
can be estimated to be insign ificant. Therefore, the
emissions from wood itself were the most likely
cause of the clastogenic effects observed in this
study.

The fumes from wood drying consist mostly of
monoterpenes ( I I) . The total concentration of air­
borne monoterpenes during veneer processing has
varied from 1 to 30 mg . rrr? ( I I , 12), values far be­
low the Finni sh occupational exposure limit of tur­
pentine (560 mg . rrr" ). The increase in aberrant cells
among the plywood workers indicates exposure to
clastogenic chemicals. These findings are interesting
in light of the results of previous studies in which
increased risk for respiratory cancers and chronic
lymphatic leukemia were suggested to be caused by
work with wood (1, 5). In general, increased chro­
mosome aberrations are interpreted as biological ef­
fects possibly associated with an elevated risk of can­
cer (13, 14). Action should thus be taken to provide
a better characterization of the agents responsible for
the observed effect and, subsequently, to decrease the
causative exposure.
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