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Abstract
Objectives: The aim of this study was to estimate occupational exposure to wood dust in the furniture industry in a mi-
nor industrial estate in  Bursa/Turkey. Materials and Methods: The  study was conducted between October  2006 and 
May 2007. In this study, a total of 656 persons, 328 woodworkers and 328 controls were included. A questionnaire was used 
in the study. Physical examination and the pulmonary function tests (MIR-Spirobank G) of the workers were performed. 
A portable Aircheck 2000 pump was used to collect the specimens of wood dust from the workplaces. NIOSH Method 0500 
was employed for the  gravimetric measurements of  dust. Results: The  average dust concentration at  the  workplace 
was 2.04±1.53 mg/m3. It was reported that 176 of workers (53.7%) had blocked nose while working, 141 (43.0%) had red-
ness of the eyes, 135 (41.2%) had itching eyes and 78 (23.8%) had runny nose. No symptoms were observed in the control 
group while they were working at the workplace. The mean FEV1 and FVC values of woodworkers, among both smokers 
and non smokers, were significantly low, although the FEV1/FVC value was high (p < 0.05). An increase both in FEV1 and 
FVC values was detected among the woodworkers who had a working period less than 10 years and were exposed to wood 
dust at concentrations over 4 mg/m3 compared to the woodworkers who were exposed to wood dust at less than 4 mg/m3 
(p < 0.05). Conclusions: As a result, in this study it was pointed out that the exposure to wood dust adversely influenced 
the workers respiratory functions. Besides, in this study a question associated with the healthy worker effect that can ad-
versely influence health of workers exposed to wood dust at less than (4 mg/m3) is revealed.
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INTRODUCTION

It is estimated that at least 2 million people are exposed to 
wood dusts every day [1,2] around the world. In general, 
wood dust exposure deteriorates pulmonary functions, 
increases the  prevalence of  respiratory diseases, exacer-
bates existing illnesses, increases cancer incidence and 
deaths [1–7]. International Agency for Research on Can-
cer (IARC) reports that wood dust causes cancer and in-
cluded it in 1995 into Group 1 carcinogens [1]. Besides, 

wood contains many microorganisms (including fungi), 
toxins and chemical substances and they may significantly 
affect human health [1,2,8–10]. It is recognised that those 
agents may cause irritation of oral cavity and throat, tight-
ness of  the  chest, irritant dermatitis, urticaria, alveolitis, 
deterioration of  pulmonary functions, and a  reduction 
of FEV1 [1,2,7,10–16].
Basic tools for evaluating the effect of exposure on respi-
ratory system include pulmonary function tests [1,2]. Many 
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Finally  328  workers (98.5%) were included. Three hun-
dred twenty eight male workers working in furniture sale 
stores were selected as the control group. Although they 
are employed in the furniture business, they have not been 
exposed to wood dust.
A questionnaire containing  25  questions was used in 
the  study. The  questionnaire included questions relat-
ing to the  workers’ demographic data, smoking status, 
medical history, occupational background, personal pro-
tective equipment usage status and complaints about 
work. The  questionnaire was filled during face-to-face 
interviews.

Pulmonary function test by spirometry
Pulmonary function tests were performed by the research-
ers at  least three times for each subject in a sitting posi-
tion with closed nostrils using MIR — Spirobank G (Italy) 
spirometer and with a different mouthpiece for each sub-
ject. A practical presentation about the test and the way 
it is done was performed for the subjects before the test. 
The tests were performed according to the test procedure 
of  The  European Respiratory Society [26]. FEV1, FVC, 
FEV1/FVC and FEF25-75 values were measured three 
times and the best result of the three measurements was 
recorded.

Wood dust measurement 
Portable Aircheck  2000 (SKC Inc, Aircheck  2000, Val-
ley View Road, PA USA) pump was used for collecting 
airborne wood dust sample from the workplaces. NIOSH 
Method  0500, Gravimetric measurement method was 
used in  dust measurements [27]. The  following formula 
recommended in NIOSH Method 0500 was used to esti-
mate wood dust level in the atmosphere:

C = 
(W2–W1)–(B2–B1)×103

mg/m3 (1)V

Where:
C — Total dust concentration,
W1 — Empty filter weight before dust collection process (mg),
W2 — Filter weight after dust collection process (mg),
B1 — Average Empty filter weight (mg),

studies on workers in furniture manufacturing sector evi-
denced that upper and lower respiratory system symptoms 
increased in people exposed to wood dust [3,16–23]. Also, 
these symptoms are related to the  exposure levels and 
seen frequently in cases of exposures higher than 5 mg/m3 
[3,17].
Woodworking industry has developed in Turkey; however, 
studies on exposures to wood dust are limited. The thresh-
old value for hard wood dust exposure as specified in 
the regulation on ‘Health and Safety Measures for Work-
ing with Carcinogenic and Mutagenic Materials’, which 
was put into effect in  2003 in  Turkey, is  5  mg/m3 [24]. 
United States National Institute of Occupational Health 
and Safety (NIOSH) recommends that wood dust concen-
tration should not exceed 1 mg/m3 in the working atmo-
sphere for a  8-hour working period [25]. The  threshold 
value in  Turkey is higher than that specified by NIOSH 
and scientific studies on the effects of this higher threshold 
value are required.
The aims of this study were to estimate occupational ex-
posure to wood dust in the furniture industry in a minor 
industrial estate in Bursa/Turkey, and to compare the pul-
monary function of workers working in furniture industry 
with those of controls and to evaluate the influence of such 
occupational exposure.

MATERIALS AND METHODS

The research is a  cross-sectional descriptive epidemio-
logical study performed between 04 October 2006 and 30 
May 2007 in Bursa Beşevler Minor Industrial Zone. Bursa 
is situated in western Turkey and it is fourth largest city 
in Turkey. Bursa Beşevler Minor Industrial Zone was es-
tablished in  Nilüfer District on  an  area of  1.243.000  m2 
in  1979. It comprises  2800 minor factories belonging to 
four main sectors (automotive supply industry, metal and 
furniture manufacturing and sale). There are 45 small fur-
niture manufacturing factories in it and 333 male workers 
are employed in them.
It was planned to include all workers in the study. How-
ever, four workers could not be seen despite three vis-
its to their workplaces, while one refused to participate. 
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RESULTS

In total,  656 workers,  328 of  them working in  factories 
(study group) and the remaining employed in stores (con-
trol) were included in the  study. Some characteristics 
of the subjects are seen in Table 1.
Average weekly working time of  the  workers 
was  50.3±2.2  hours. Most frequently used wood and/or 
wooden product types were medium-density fibreboard 
(MDF) (68.6%; n  =  225), beech (11.6%; n  =  38), pine 
(10.4%; n  =  34) and fibreboard (6.1%; n  =  20). None 
of  these workplaces were provided with a  ventilation 
system.
Most frequently used personal protective equipment 
were dust mask (17.4%) and goggles to protect the eyes 
(10.7%). Overall and working clothes were used by 7.6% 
and 3.4% of the workers, respectively.
Average wood dust concentrations measured at the work-
places of  subjects and controls were  2.04±1.53  mg/m3 

B2 — Average filter weight after dust collection process (mg),
V — Volume (litre).

A PVC  37  mm dia. filter (SKC Inc.,  5.0  µm) was used 
to collect wood dust. To collect the sample, a pump was 
placed on a worker working in a randomly selected point 
at the workplace and the flow rate was set at 2 l/min [27]. 
Samples were collected from wherever the  worker went 
during 8 hours without interruption. The dust amount for 
this randomly selected worker was assumed to be the same 
for all workers working at  the  same workplace and fac-
tory. For the  control group, dust measurements were 
done in  three workplaces in which the number of work-
ers was highest and the  average was accepted for all 
subjects of  the  control group. Dust collection apparatus 
was calibrated after each three measurements. The  fil-
ter was weighted with the  help of  a  GecAvery (Model 
VA 304–x0.0001) balance with a precision of 0.0001 g be-
fore and after dust collection process.

Ethics
The study was accepted by the  Ethical Committee 
of Uludag University’s Faculty of Medicine (2006–19/20).

Statistical analysis
The data were evaluated by SPSS (Version 13.0) statistics 
software. In the  statistical analysis chi-square and stu-
dent’s t-test were used. Statistically significant level was 
set at p < 0.05.

Limitations of the study
The effects of wood dust on respiratory system only were 
considered in this study. Its carcinogenic and toxic effects 
were disregarded.
The amount of dust to which only one worker was exposed 
was used for all workers working at  the same workplace 
for determining workers’ occupational exposure to wood 
dust. Exposure level for each worker working in that place 
could not be determined due to shortage of the financial 
resources. Dust measurements were performed only for 
three working places for the control group for the same 
reason.

Table 1. Some characteristics of the subjects

Characteristics

Furniture 
workers 

(n = 328)
Controls 
(n = 328)

n % n %
Age groups (years)

16–35 182 55.5 162 49.4
36–55 127 38.7 142 43.3
56+ 19 5.8 24 7.3

Education 
8 years or less 225 68.6 221 67.3
Occupational training 

Yes* 146 44.5 38 11.6
Marital status

Married* 226 68.9 291 88.7
Health insurance 

No insurance* 13 4.0 95 29.0
Smoking habit 

Exsmoker 27 8.2 23 7.0
Current smoker 186 56.7 210 64.0

Working time
10 years and over* 203 61.9 158 48.2

* p < 0.05
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and  0.0006±0.00025  mg/m3, respectively (p  <  0.001). 
Wood dust levels are seen in Table 2.
One hundred seventy six of  the  workers (53.7%) stated 
that they had experienced blocked nose,  141 of  them 
(43.0%) had red eyes, 135 (41.2%) had itching eyes and 78 
(23.8%) runny nose. The complaints of itching eyes, red-
ness of the eyes, rhinorrhea, blocked and runny nose were 
more frequent among workers working for ten years or 
more than those working for less than ten years (Table 3). 
In the  control group, no health complaints during work 
were reported.
The subjects said that these complaints did not exist be-
fore and occurred after they had started to work at places 
in which woods and wooden materials were processed. Ac-
cording to the workers, with the exception of one, who had 
asthma treatment and suffered breath-arrest, their symp-
toms decreased during weekends and holidays.
Mean values of the FEV1 and FVC in the furniture work-
ers were significantly lower than those in the control group; 
however, FEV1/FVC values were higher. Spirometric val-
ues obtained for the woodworking and control group are 
seen in Table 4.
When the  relation between personal protective equip-
ment usage of the workers and the spirometric values were 
analysed, FEF25–75 was found to be significantly higher for 

Table 2. Wood dust levels measured in the study

Dust level 
(mg/m3)

Working group Control Group

n % n %

0–0.99 102 31.1 328 100.0

1–1.99 78 23.8 – –

2–2.99 65 19.8 – –

3–3.99 44 13.4 – –

4–4.99 8 2.4 – –

5+ 31 9.5 – –

Total 328 100.0 328 100.0

Table 3. Complaints of the workers according to the working 
years

Complaints

Working years

PLess than 10 
years (n = 110)

10 years or 
more (n = 218)

n % n %

Itching eyes 30 27.3 105 48.2 0.000

Redness of the eyes 30 27.3 111 50.9 0.000

Rhinorrhea 3 2.7 18 8.3 0.039

Nasal blockade 39 35.5 137 62.8 0.000

Runny nose 19 17.3 59 27.1 0.032

Table 4. Spirometric parameters of exposed workers and the controls

Groups FEV1 FVC FEV1/FVC FEF25–75

Controls (n = 328) 96.4 (94.9–98.0) 85.0 (83.6–86.5) 93.7 (93.1–94.3) 118.5 (115.6–121.4)
Furniture workers 

(n = 328)
89.4 (87.6–91.1)*** 78.2 (76.6–79.7)*** 95.9 (95.3–96.5)*** 112.5 (109.6–115.5)**

Non–smokers 
Controls (n = 95) 96.0 (93.0–99.0) 84.5 (81.7–87.4) 93.7 (92.5–94.8) 118.0 (113.0–122.9)
Furniture workers 

(n = 115)
90.1 (87.5–92.7)** 79.0 (76.6–81.4)** 96.1 (95.2–97.1)*** 113.5 (108.9–118.1)

Current or exsmokers
Controls (n = 233) 96.6 (94.8–98.4) 85.2 (83.6–86.9) 93.7 (93.0–94.5) 118.7 (115.1–122.3)
Furniture workers 

(n = 213)
89.0 (86.7–91.3)*** 77.8 (75.7–79.8)*** 95.8 (95.0–96.5)*** 112.0 (108.2–115.8)*

FVC, FEV1, FEV1/FVC and FEF25–75 are mean (CI 95%) % predicted.
* p < 0.05.
** p < 0.01.
*** p < 0.001.
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We found that most frequent health complaints were itch-
ing eyes, redness of  the  eyes, nasal blockade and runny 
nose. Other studies also found that complaints concern-
ing eyes and nose were most frequent [9,11,19,20,22,30]. 
We also have found that, the  complaints of  redness 
of  the  eyes, rhinorrhea, nasal blockade, runny nose and 
sore throat were more frequent among the workers work-
ing for 10 years or more compared with those working for 
less than  10 years. Milanowski et al. [19] found in  their 
study on  carpenters in  Poland, in  which they compared 
the workers working for 5 years or more with those work-
ing for less than 5 years that the complaints about eye, skin 
and nose did not increase with longer exposure time.
It was found in the study that mean FEV1 and FVC values 
of the furniture workers were significantly lower than those 
of  the  control group; however, FEV1/FVC values were 
higher. In  their studies Meo et al. [29] and Milanowski 
et al. [19] found decreases in FEV1 and FVC of the work-
ers exposed to wood dust compared with the control group. 
Mandryk et al. [30] found lower FEV1, FVC and FEF25–75 
values for sawmill workers in their study. The findings ob-
tained from our study are concordant with literature data. 
Exposure to wood dust caused decreases in  pulmonary 
functions of the workers.
In comparing of smokers and non-smokers for FEV1 and 
FVC, we found decreases in  FEV1, FVC and FEF25–75 
for the  smokers. Milanowski et al. [19] found decreases 
in FEV1 and FVC values for both smokers and non-smok-
ers in  their study. Liou et al. [31] found lower FEF25–75 

the workers who used dust mask < 0.001). There was no 
statistically significant relationship between other person-
al protective equipment and spirometric values.
Spirometric values for the furniture workers according to 
the dust levels in their working places and their working 
time are given in Table 5.

DISCUSSION

Average wood dust amount to which the workers were 
exposed in  their working places was 2.04±1.53 mg/m3. 
Surprisingly, no ventilation system existed at any of those 
workplaces. As much as  9.5% of  the  workers were 
exposed to wood dust at  concentrations exceeding 
the threshold value specified for Turkey (5 mg/m3). Kaup-
pinen et al. [28] conducted a study including 3.6 million 
workers from 25 European countries who were thought 
to be affected by wood dust. They detected that  16% 
of  the  workers were exposed to respirable wood dust 
at various levels higher than 5 mg/m3. As much as 79% 
of  the  workers were exposed to respirable wood dust 
at level higher than 0.5 mg/m3, the maximum admissible 
respirable wood dust level recommended by The  Sci-
entific Committee for Occupational Exposure Limits. 
The  percentage of  those exposed to wood dust higher 
than 5 mg/m3 in our study is lower than that in the study 
by Kauppinen. This may be caused by the  fact that 
the subjects of our study included furniture workers em-
ployed only in one industrial zone.

Table 5. Spirometric parameters of the exposed workers according to the dust levels at their workplaces

Working time Dust level (mg/m3) FEV1 FVC FEV1/FVC FEF25–75

Less than 10 years 
(n = 125)

< 4 (n = 111) 87.0 (84.0–89.9) 76.7 (73.9–79.5) 96.8 (95.8–97.9) 108.7 (104.1–113.3)
≥ 4 (n = 14) 96.7* (90.6–102.7) 85.0* (79.2–90.8) 97.2 (95.2–99.3) 115.8 (104.1–127.5)
< 5 (n = 113) 87.2 (84.3–90.1) 76.9 (74.1–79.7) 96.9 (95.8–97.9) 109.2 (104.6–113.9)
≥ 5 (n = 12) 96.2 (89.2–103.2) 84.9 (78.0–91.7) 96.8 (94.5–99.1) 111.9 (99.8–124.0)

10 years or more 
(n = 203)

< 4 (n = 178) 89.9 (87.5–92.3) 78.1 (76.0–80.3) 95.6 (94.9–96.3) 114.0 (109.8–118.2)
≥ 4 (n = 25) 92.4 (86.0–98.8) 81.1 (75.8–86.5) 93.2* (90.6–95.9) 117.0 (104.2–129.8)
< 5 (n = 184) 90.2 (87.8–92.6) 78.3 (76.2–80.4) 95.6 (94.9–96.3) 114.3 (110.2–118.5)
≥ 5 (n = 19) 90.8 (84.7–97.0) 80.3 (74.7–85.8) 92.6* (89.6–95.5) 114.9 (100.6–129.1)

* p < 0.05.
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had deteriorated from exposure to wood dust were exclud-
ed from the employment. More detailed studies may be 
necessary to clarify that point. 
As a result, this study shows that exposure to wood dust 
detrimentally affects workers’ pulmonary functions. 
A question was raised in connection with the healthy work-
er effect discussed in  this study whether workers’ health 
may be detrimentally affected at  concentrations lower 
than threshold value for exposure to wood dust specified 
in Turkey (4 mg/m3). More detailed studies on exposure to 
wood dust in Turkey should be undertaken.
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