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Single-strand breaks (SSB) and DNA repair were detected in peripheral lvmpho-
cytes derived from workers of a furniture factory in a non-polluted region of Poland.
The workers were exposed to wood dust (n = 19), or to the dust and varnishes or lac-
quers together (n = 5). Four groups were studied simultaneously: (a) exposed workers
smokers of cigarettes (n = 14), (b) nonexposed smokers - control (n = 14), (c) exposed
workers' nonsmokers (n = 14), (d) exposed nonsmokers (n = 10). In exposed workers
DNA SSB and DNA repair were statistically significantly increased. DNA SSB was
clearly higher in the smoking workers than in the smoking controls. Cigarette smok-
ing itself has produced no evident increase in the frequency of DINA SSB in the control
group. Occupational exposure had a significant effect on DNA repair in non stimu-
lated lymphoeytes both in smoking and nonsmoking workers.

Many epidemiological studies performed
among woodworkers revealed a marked in-
crease in the incidence of cancers of the nasal
cavities and paranasal sinuses. Very high rela-
tive risk of adenocarcinoma of these tissues,
associated with exposure to wood dust, have
beeen observed particularly in Europe (IARC,
1995).

So far the only study that has assessed geno-
toxic effects in the woodworkers, pointed to

an increase in the frequency of chromatid
breaks in the peripheral lymphocytes of work-
ers exposed to fumes emitted by heated woods
in Finnigh factories (Kurttio et al., 1993). Sev-
eral other studies reported on mutagenicity or
genotoxicity of extracts of certain kinds of
wood (Mohtashamipur & Norpoth, 1990;
Schmezer et al.,1994; Nelson et al.,1993).
The number of workers exposed worldwide
to wood dust is estimated to be about 2 million
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(IARC, 1995). Data from Poland indicate that
about 100000 workers in wood and furniture
industries are exposed to wood dust (Macie-
jewska et al.,1993) the concentration of which
may range from 0.1 to 8§3.00 mgfma, depend-
ing on the type and volume of manufacture
(unpublished data from the Sanitary and Epi-
demiological Stations).

So far little is known about the possible
genotoxic effect of exposure to wood dust in
wood or furniture industry workers.

In this connection, we have undertaken a
study to assess DNA damage in lymphocytes
of workers exposed to wood dust during furni-
ture making and to further compare it with
the DNA damaging action of cigarette smoke.
It was based on estimation of the level of DNA
SSB using the DNA microfiltration technique
and the level of DNA repair measured as in-
corporation of radioactivity into workers' lym-
phocytes. It is not the purpose of this publica-
tion to give a complete analysis of genetic
damage caused by occupational exposure in
the wooden furniture industry or to give a de-
tailed description of exposure data, but to con-
centrate on the combined effect of exposure
and cigarette smoking.

MATERIALS AND METHODS

The study and control groups. The study
was performed at a wood plant situated at the
suburb of a small town in the South-Easter re-
gion of Poland. This is a farmers' region with
large forests, not industrially polluted. On the
premises of the plant there are a sawmill, a
wooden furniture manufacture department, a
flooring blocks department and a tool-room.
The exposed group consisted of 24 volunteers
out of the 200 workers at the wooden furni-
ture manufacture department. The mean age
of these subjects was 3B + 9 years (range
21-49); fourteen of them were smokers. Most
of them have been working in the wooden fur-
niture productions for more than 10 years.
Out of the 24 furniture makers who took part

in this study, 19 persons were exposed to
wood dust, and 5 to varnishes or lacquers and
wood dust.

The control group consisted of 13 office
workers at the wooden furniture plant and 15
laboratory assistants at the Institute of Occu-
pational Medicine in Lédz. The mean age of
these volunteers was 41 + 8 years (range 23-
55). For each exposed and control subject a
questionnaire was filled prior to the collection
of blood samples. The questionnaire was to
elicit information on the subject's age, ciga-
rette smoking, work-post duration and medi-
cine intake.

Blood sampling and isolation of lvmpho-
cyvtes. The blood samples were collected on
Thursdays and Fridays, i.e. at the end of a
working week; 10 ml of venous heparinized
blood was taken. All blood samples were trans-
ported on ice and processed within 3 h. The
lymphocytes were separated using Histo-
paque according to Freeman & Ryan (1988).
For each person we have calculated the
number of isolated cells in the suspension and
adjusted the sample to about 1 % 10° cells/0.5
ml. The cells were stained for viability with
trypan blue. The viability of the cells always
exceeded 98%.

Determination of DNA single-strand
breaks. A simple method for detection DNA
SSB in lymphocytes, based on centrifugation
of alkaline-lysed cells through microfilters, de-
scribed by Leanderson et al. (1994), with some
modifications was used. The lymphocyte sus-
pension from a single person of the study or
control group was mixed vigorously with pi-
pette and 500 ul aliquots were transferred
onto 0.8 um cellulose acetate filters (MFS,
Dublin, CA, U.S.A.) mounted to MF-1 microfil-
ters devices (Bioanalytical Systems Inc., West
Lafayette, IN, U.S5.A.) where they were
washed, lysed and centrifuged to separate un-
damaged DNA from damaged DNA. The fil-
trates containing the single strands of DNA
were then transferred to tubes, buffered with
200 ul of SSC solution, pH 7.0 (0.015 M so-
dium citrate, 0.14 M NaCl) and 200 ul of 0.2 M
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KHyPO,4, pH 7.0, solution. The amount of
DNA was measured by the fluorometric
method using Hoechst 33258 dye (Sigma) as
described by Cesarone et al. (1979). DNA re-
maining on the filter was rinsed with 10 mM
NagEDTA solution, pH 12.4 as follows: 200 ul
of this solution was added onto the filter, left
for 15 min and centrifuged at 2000 r.p.m. for
5 min; this procedure was repeated twice.
Then 200 ul of SSC solution (pH 7.0) and 200
ul of 0.2 M KHoPO4 (pH 7.0) solution were
added to 600 ul of the filtrate obtained from
the filter. The amount of DNA was measured
using the fluorometric method. To 1 ml ali-
quots of the buffered fractions containing sin-
gle strand DNA (filtrate) and DNA washed out
from the filter (filter) 1 ml of Hoechst 33258
solution (1.5 % 1078 M) was added. The sam-
ples were then stirred and allowed to stand for
10 min in a dark room. Fluorescence was
measured in a Perkin-Elmer spectrophotofluo-
rimeter Model LS-2B at excitation wavelength
of 375 nm and emission at 460 nm. As a posi-
tive control we used hydrogen peroxide
(Hg09) (POCh, Poland) which is known to
form hydroxyl radicals that could damage the
sugar-phosphate backbone and generate DNA
SSB (Mello-Filho & Meneghini, 1984; Imlay &
Linn, 1988). Two or three lymphocyte suspen-
sions (about 1 x10° cells/0.5 ml in RPMI
1640) from the study group were exposed to 5
#M H30s for 5 min in 1.5 ml Eppendorf tubes
in darkness at room temperature. After expo-
sure, the cell suspensions were mixed and
transferred to 0.8 um cellulose acetate filters
where they were washed, lysed and centri-
fuged to separate undamaged from the dam-
aged DNA in the same manner as described
above.

To assess DNA SSB in lymphocytes of workers
from the study and the control groups, the per-
centages of damaged DNA remaining on the fil-
ter were calculated, according to the formula:

filtrate fluorescence i
x
fluorescence (filtrate+ filter)

% damaged DNA= 00

Determination of DNA repair in lympho-
cytes. Lymphocytes isolated from the work-
ers’ and the controls’ blood were suspended
in RPMI-1640 medium without serum (1 X
105 cells/0.5 ml) and placed in Petri dishes 3.5
mm in diameter, which contained 1 ml me-
dium RPMI-1640 without serum and with 5
uCi/ml of [6-*H]thymidine (40 MBq, Amer-
sham). In order to determine DNA repair, the
suspensions were incubated without phytohe-
magglutinin (mitogen stimulating the lympho-
cytes division) for 3 h at 37°C in a CO5 incuba-
tor (Celotti et al., 1990; Benigni et al, 1984).
Three suspensions on Petri dishes were pre-
pared for one person. Then the cells were
washed three times in PBS, resuspended in 1
ml of PBS and transferred to scintillation vi-
als to which 10 ml of Aquasol (New England
Nuclear) were added. The incorporation of ra-
dicactivity was detected by liquid seintillation
counting (LKB, WALLAC 1209 “RACK-
BETA", Pharmacia) and recorded as

c.p.m./ 10° lymphocytes.

RESULTS

DNA single-strand breaks in peripheral
blood lymphocytes of workers from the
study and control groups

For the assessment of the level of DNA sin-
gle strand breaks the isolated lymphocytes
were alkaline lysed on microfilters and DNA
single-strand fragments were separated from
undamaged DNA using the microfiltration
method. The percentage of damaged DNA was
calculated from the fluorometric measure-
ments of the filtrate and filter DNA and re-
garded as an DNA SSB index in the lympho-
cytes of workers and control subjects.

The results are summarized in Table 1. The
mean percentage of damaged DNA in the lym-
phocytes of 24 exposed workers was 24.1 +
11.5 compared to 13.3 + 5.9 calculated from
the 28 control subjects. In the study group, the
increase in the percentage of damaged DNA
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Table 1. The level of DNA single-strand breaks in the lymphocytes of wooden furniture workers and

control persons
: Fluorescence
E‘ulfdﬁz: T‘“m"“;ﬂg:ﬂf“““ﬂ“ (mean + 5.D.) fm;‘;d Bﬁi
dhel {(mean t S8.ID.) Filtrate Filter (mean + 5.D.)
Control persons 24 914.000 £ 67.000 29.1+11.2 191.1 £ 37.0 13.3+5.9
Workers 28 900.000 £ 62.000 58.6 + 33.6 164.1 + 49.1 24,1+ 11.5"
Control smokers 14 928.000 £ 56.000 31.7T+ 9.0 1936+ 224 14.1 £ 5.1
Exposed smokers 14 905.000 £ 66.000  67.0 + 32.2 1532+ 336  29.5+10.0"
Control nonsmokers 14 901.000 + 72.000 27.5¢ 9.0 201.2 + 44.7 12.2 = 6.6
Exposed nonsmokers 10 889.000 + 59.000 46,0 + 32.9 200.1 £ 16.2 16.6 = 9.0

Statistically significant difference between: “workers and control persons (P < 0.05): huxpuaed and control smokers
(P < 0.05); "-Sn:mking and nonsmoking exposed workers (P < 0.05).

was statistically significant (P < 0.05, ttest)
(Table 1). In smoking workers the level of
DNA SSB was significantly higher compared
to smoking controls and nonsmoking workers
(P < 0.05, ttest) (Table 1). Table 2 shows the
percentage of damaged DNA in the smoking
and nonsmoking exposed workers after expo-
sure of their lymphocytes to 5 uM H50s in vi-
tro. The exposure to HoOy has brought an
about 40% increase in the level of DNA SSB in
the lymphocytes both of the nonsmoking and
smoking workers.

DNA repair in the lyvmphocytes of the ex-
posed workers and the controls

The amount of incorporated radioactivity,
regarded as the DNA repair, was determined
and averaged for the lymphocytes and ex-
pressed as counts per minute (c.p.m.) per 10°
cells.

The incorporation of radioactivity to the
lymphocytes of the individual exposed work-
ers and controls is presented in Fig. 1. In the
exposed workers, the label of DNA was signifi-
cantly higher compared to that for the control
group. The radioactivity in the smoking and
nonsmoking exposed workers was 5 and 6
times, respectively, higher than in their con-
trols. Cigarette smoking in the exposed and

the control groups caused a relatively small in-
crease in DNA label (1.6 and 1.8 iimes,
respectively) compared to the group of their
nonsmoking colleagues.

DISCUSSION

In the present study we have determined
both single strand breaks and DNA repair in
the same lymphocyte samples either from the
study or the control groups. The increase both
in DNA SSB (Table 1) and DNA repair (Fig. 1)
in peripheral lymphocytes of the exposed
workers was statistically significant as com-
pared to the controls. We have found that the
level of DNA SS5B was clearly higher in the
smoking workers than in smoking controls. In
nonsmokers a slight tendency towards a
higher level of DNA SSB could be noted, but
this has never reached statistical significance.
Moreover, cigarette smoking itself has not
produced an evident increase in the frequency
of DNA 5SB in the control group (Table 1). A
significant effect of occupational exposure to
wood dust and the substances used during the
varnishing and lacquering, on DNA repair in
the unstimulated lymphocytes has been found
both in the smoking and nonsmoking exposed
workers. Our findings indicate that the effect
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Figure 1. Interindividual variation in the incorpo-
ration of radioactive [al-llﬂwmidine into the lym-
phocytes DNA of wooden furniture workers and
control subjects.

Statistically significant differences between: “exposed
workers and control (P < 0.05), hexposed and control
smokers (P < 0.05), “exposed and control nonsmokers

(P <0.05), dsmoking and nonsmoking exposed workers
(P < 0.08).

of cigarette smoking (control persons) on
DNA repair may be less significant than it is
commonly considered (Fig. 1).

Oesch et al. (1994) also reported a small but
statistically significant increase in the fre
quency of DNA SSB in smeking control indi-
viduals in comparison to nonsmoking, only if

alarge number of individuals was tested. They
suggesied that smoking may induce some
kind of a protective factor which reduces the
formation in mononuclear blood cells of DNA
SSB that may be associated with a variety of
other genotoxic factors than smoking. Con-
trary to this view, Reitz et al. (1994) pointed to
cigarette smoking as the main cause of the in-
crease in DNA SSB in the lymphocytes. There-
fore, it seems that an increased cancer inci-
dence in smokers cannot be directly related to
DNA SSB, because many additional factors
(e.g., promoters) may also be involved.

Our results indicate that the combination of
occupational exposure to wood dust, techno-
logical chemicals and cigarette smoking might
have intensified other lesions, and not only
the generation of DNA SSB. The interaction
between smoking and occupational exposure
to genotoxic agents is very complex. Cigarette
smoking itself is a well-known risk factor for
several types of cancer, notably for lung can-
cer (World Health Organization, 1989).
Moreover, an increased incidence of cancer
and of DNA damaging effects after co-
exposure to cigarette smoke and certain toxic
substances has been demonstrated (Balarajan
& McDowall, 1988; Hogstedt, 1988; Selikoff et
al., 1968). So far there are no reports on the
biomonitoring of the genotoxic effects in
wood industry workers (IARC, 1995). One
study has revealed an increase in the fre-

Table 2. Effect of Hy045 on the level of DNA single-strand breaks in the lymphoeytes of workers in the

wooden furnitare plant (positive control)

: Fluorescence
ﬁ.‘&?ﬁiﬂaﬁ = EEE; N“’;ﬁg: gﬁﬁdph& (mean = S.D.) mﬁ h?i
{mean + S.D.) {(mean & 8.D.) Filtrate Filter (mean + 5.1D.)
UNEXPOSED TO H,0,
3 34+13 - 853500 + 24000 62.6 + 26.4 243.0 + 48.6 199+ 94
3 47+ 3 * 948000 + 35000 T7.0+ 86 200.7 £ 47.0 283+ 5.3
EXPOSED TO 5 uM H,0,
34 + 13 - 853500 + 24000 206.5 + 46.1 116.0 + 30.2 63.6 + 10.7
4723 + 948000 + 35000 194.0 £ 25.8 925+ 178 67.56+2.2
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quency of chromatid breaks in peripheral lym-
phocytes in nonsmoking workers exposed to
fumes emitted from heated wood (Kurttio et
al., 1993).

Studies in vitro have shown that the reverse
mutation in Salmonella typhimurium can be in-
duced by the exiracts of beech (Mohtashami-
pur & Norpoth, 1990), but not by those of
birch and spruce wood (Kurttio et al.,,1990).
Moreover the extracts of beech, oak and paste-
board produced an increased number of DNA
SSB in rat hepatocytes in vitro (Schmezer et
al.,1994). An experiment in vivo revealed in-
crease frequency of micronuclei in the crypts
of the small intestine of mice and in the nasal
epithelium of rats after treatment by gavage
or topical application of beech wood extracts
(Nelson et al.,1993).

At present, in the light of our findings we
can only suggest that occupational exposure
to wood dust may be the factor that has pro-
duced an increase of DNA damage such as
single-strand breaks in the workers' lympho-
cytes. Furthermore, cigarette smoking may
have intensified this kind of DNA damage.
The initial results of the mutagenicity testing
of workers' urinary extracts, carried on volun-
teers, provide evidence that the occupational
exposure to wood dust leads to an increased
mutagenic activity of urine but not to such a
high extent as does cigarette smoking (unpub-
lished). We suggest that biomonitoring of the
genotoxic effects in wood industry should be
undertaken in future.

The excellent technical assistance of Gabri-
ela Walasek and Mariola Wlodarek is greatly
appreciated.
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