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Abstract

Background
Several studies have shown that exposed woodworkers present frequent respiratory symptoms and
reduced lung volumes and air�ow values including FVC, FEV1, FEV1/FVC and PEFR than controls from
the general population. However, other studies have reported no signi�cant negative health effects of
wood dust on the respiratory system, no relationship between wood dust and respiratory symptoms,
insigni�cant changes in lung function and normal FEV1 and FVC values in woodworkers compared to
non-exposed controls. The effect of wood dust on the pulmonary function depends on the wood species,
phytochemicals present in the wood and the concentration level of ambient air wood dust exposed to the
woodworkers. The ambient air dust concentration level at the wood workshops may depend on the
humidity and ventilation at the workshops. The workshops at the Sokoban Wood Village are well
ventilated. This study aimed at assessing the pulmonary function of woodworkers exposed to mixed
tropical hardwood in Kumasi.

Method
The study was carried out among woodworkers, teachers and security men located in Kumasi. A cross-
sectional, cluster and convenient sampling of 175 adult male workers were selected (86 woodworkers
and 89 non-woodworkers) to participate in the study. Pulmonary function assessment was carried out
using a modi�ed version of the British Medical Research Council’s (MRC) questionnaire on respiratory
symptoms and the spirometer (Alpha Vitalograph) for lung function testing. The relative humidity and the
level of wood dust exposure to woodworkers were measured using the personal exposure meter (PATS+:
Berkeley Air Monitoring Group).

Results
The mean % relative humidity in the workshop was 67.6 and ambient air wood dust concentration ranged
between (0.003–1.02) mg/m3. The frequency of respiratory symptoms at the workplace was prevalent
among the woodworkers ranging between (8–76%) (p < 0.05). However, the lung volumes and air�ow
values were not signi�cantly reduced in the woodworkers (p > 0.05).

Conclusion
The study reveals that woodworkers exposed to mixed tropical hardwood dust shows a less frequent
respiratory symptoms with an insigni�cant reduction in the lung volumes and air�ow values at the
workplace due to low ambient air wood dust concentration.
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Introduction
High levels of wood dust exposure to woodworkers have been suggested to cause occupational
pulmonary disorders [1]. Woodworkers exposed to wood dust levels ranging from 0.2–7.4mg/m3 have
been reported to suffer from various respiratory symptoms [2]. Bohadana et al. [3] reported bronchial
hyper-reactivity in woodworkers exposed to oak and beech dust levels between 2.96 − 12.74 mg/m3. A
study at the Accra Timber Market reported signi�cantly reduced lung volumes and air�ow values in
workers exposed to tropical hardwood dust levels ranging between 0.19–0.71 mg/m3 [4]. In another
study, Tobin et al.[5], reported the high prevalence of respiratory symptoms particularly cough and phlegm
among tropical hardwood workers with a mean exposure level of 1.39 mg/m3. Earlier epidemiological
studies have shown that exposure to both softwood and hardwood dust is associated with several non-
malignant health effects such as allergic rhinitis, chronic bronchitis, and allergic asthma [6]. In addition,
respiratory symptoms such as sneezing, coughing, phlegm and chest pain have been reported in some
woodworkers [2, 5, 7–9]. Respiratory disorders such as obstructive, restrictive, and combined lung
function defects and associated respiratory symptoms in exposed woodworkers attributed primarily to
airway in�ammation [10–13]. Airway in�ammation via immune response stimulated by the chemical and
mechanical irritants and sensitizing effects of extractive chemicals from wood dust has been reported in
woodworkers [10, 11].

Respiratory disorders have been displayed in spirometry as reduced lung function [14, 15]. Many studies
have shown in exposed woodworkers reduced lung function parameters including VC, FVC, FEV1,
FEV1/FVC and PEFR than controls from the general population (16–19]. Jacobsen et al.[20] observed a
reduced baseline lung function (FEV1, FVC or FEV1/FVC) in woodworkers in several papers they reviewed
on woodworkers.

However, several studies have reported no signi�cant negative health effects of wood dust on the
respiratory system. In their study, Fransman, et al [22] did not �nd any relationship between wood dust
and respiratory symptoms such as rhinitis. Other studies have also reported of normal FEV1 and FVC
values in woodworkers and no signi�cant changes in lung function of woodworkers compared to non-
exposed control [21, 23–26 ]. Similarly, Tobin et al. [5] reported normal FEV1 /FVC in woodworkers
exposed to tropical hardwood dust. In addition, Baran et al. [8] in their study reported no negative effect of
wood dust on the lung function of the woodworkers investigated. Nde et al. [9] in their study among
woodworkers exposed to tropical hardwood dust reported no signi�cant difference between the
prevalence of abnormalities in lung function of carpenters and the matched non-exposed. In the present
study, the pulmonary function of woodworkers exposed to tropical hardwood dust was assessed by
determining the ambient air wood dust and the humidity of the workplace, and the status of lung
function.

Methods
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A cross-sectional survey was used to investigate the pulmonary assessment of tropical woodworkers.
 The study population comprised of exposed woodworkers selected from Sokoban Wood Village, a wood
processing hub in Kumasi Metropolis and non-exposed workers from the Kwame Nkrumah University of
Science and Technology (KNUST) in Kumasi. Volunteered participants who satisfy the eligibility criteria
were studied. 

A wood workshop in the Sokoban wood village occupies an area of about 18-36 m2 with high rise
concrete pillars and roo�ng to improve ventilation and create shelter respectively. About 6 to 8 shops are
adjoined to each other in a chain.   The workshops do not have walls enclosing them from �oor to roof.
The wood shavings and wood dust are conveyed intermittently out of the workshop to keep the working
environment clean. 

Determination of ambient air wood dust 

The concentration of ambient air wood dust was measured for eight hours of work. Two machine
operators were sampled using personal exposure meters (PATS manufacture: Berkeley Air Monitoring
Group) which was strapped on the arms of the participants. The meter was removed after 8 hours and
sent to the Environmental Protection Agency (EPA) o�ce in Accra for assessment of the dust exposure
levels. The measurements were assisted by technical personnel from the EPA.

Determination of Respiratory symptoms at the workplace

All the participants answered questionnaires on medical history, occupational history, smoking status and
respiratory symptoms at the workplace and during vacation by a face-to-face interview in a language of
their understanding where necessary. Questions on respiratory symptoms were adapted from the British
Medical Research Council’s (MRC) questionnaire on respiratory symptoms (1960) 

Lung Function Testing

The test was performed using the electronic spirometer Vitalograph Alpha (Vitalograph LTD, Buckingham,
England) according to the standards of the American Thoracic Society. The test measured vital capacity
(VC), forced vital capacity, (FVC), forced expiratory volume in one second (FEV1), forced expiratory
volume ratio (FEV1/FVC) and peak expiratory �ow rate (PEFR). The test was �rst explained and
demonstrated to participants. Participants performed the test in a standing position with heads up.   

All the measurements were taken between the hours of (9:00 am-12:00 noon) to minimize diurnal
variation [25]. The precise technique in executing various lung function tests for the study was based on
the operational manual of the instrument. The instrument was calibrated daily and operated within the
ambient temperature range of 26-28oC.

Data Analysis
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The �eld data were entered directly into Microsoft Excel 2010 statistical package and analysed using
STATA version 14. The level of statistical signi�cance was set at a p-value <0.05 and statistical analysis
was conducted using the student t-test to compare the lung function indices, between the woodworkers
and non-exposed workers. The Fisher exact test was used to determine the frequency of respiratory
symptoms at the workplace among woodworkers and non-exposed workers.

Ethical issue

Approval for this research was granted by the Committee on Human Research, Publication and Ethics
(CHRPE) of the School of Medical Sciences of Kwame Nkrumah University of Science and Technology
(KNUST) and Komfo Anokye Teaching Hospital (KATH) Kumasi, Ghana (Ref: CHRPE/AP/304/15). In
addition, permission was obtained from the Sokoban Wood Workers Association as well as the KNUST
Primary and Junior High School and the KNUST Security Service for their staff participation. Also
informed written consent was obtained from each participant before being enrolled in the study. The
nature, purposes and procedures of the study were explained to the association leaders and the
participants before seeking their approval.

Results
Demographic Indices of the Study Participants

The study recruited 175 comprising 86 woodworkers and 89 non-exposed workers. Table 1 shows a t-test
comparison of the demographic data of the woodworkers and the non-exposed workers. The mean age
and height of the woodworkers were signi�cantly different from the non-exposed workers. The
woodworkers were much young and taller than the non-exposed workers. However, there was no
signi�cant difference in the mean weight of the two groups.

Table 1 Demographic Indices of The Wood Workers and Non-Exposed Workers

Variables Non-exposed workers woodworkers   

n =89

(mean ± SD)

n = 86 

(mean ± SD)

p-value

Age  42.74 ± 9.43 38.55 ± 11.12 (0.009) *

Height  168.36 ± 6.33 171.10 ± 6.68 (0.004) *

Weight 70.92 ± 12.24 68.35 ± 8.21 0.136

P-values in parentheses; *p<0.01 SD: Standard deviation.

Determination of ambient air wood dust 
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The concentrations of ambient air wood dust measured within eight working hours are shown in Table 2.
The particulate matter (PM) measured was greater than 2.5µm.  Levels of inhalable wood dust particles
measured at the two sites ranged between 0.003 and 0.102 mg/m3 at an average ambient temperature of
33oC and relative humidity of 67%. Minimum exposure levels were recorded when the workers were
engaged in minimal work within the workshop. The maximum exposure levels were recorded when the
woodworkers were actively engaged in their work for a long time.

Table 2 Measurement of ambient air wood dust. 

Machine  Mean Temp. oC Mean %Relative Humidity Range of Wood dust level (mg/m3)

Min – Max

1 33.2 67.9 0.005 - 1.02

2 33.1 66.7 0.003 - 0.882

Comparison of the Frequency of Respiratory Symptoms of the woodworkers at Workplace and Non-
Exposed Workers.

The frequency of respiratory symptoms among the woodworkers compared with non-exposed workers is
shown in Table 3.   The frequency of all the respiratory symptoms at the workplace was signi�cantly
higher in the woodworkers than the non-exposed workers at (p<0.05). None of the 89 non-exposed
workers studied reported or showed the presence of any of the listed respiratory symptoms.  However,
among the woodworkers 8% wheezed, 76% sneezed, 34% had dry cough 30% had cough with phlegm,
34% had frequent fever, 10% had shortness of breath at rest, 29% had shortness of breath after exercise,
24% had a loss of voice and 46.5% reported of catarrh/ rhinitis at the workplace. Most of the
woodworkers reported discontinuous or no respiratory symptoms on vacation. 

Table 3 Comparison of the Frequency of Respiratory Symptoms of the woodworkers at Workplace and
Non-Exposed Workers.
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Respiratory symptoms  Non-exposed workers N (%)  Woodworkers N (%) p-value 

Use mask      

No  89(100) 77(89.53) 0.001**

Yes 0 9(10.45)  

Wheeze    

No 89(100.00) 79(91.86) 0.006**

Yes 0 7(8.14)  

Sneeze    

No 89(100.0) 20(23.26) <0.001***

Yes 0 66(76.74)  

Dry cough    

No 89(100.0) 57(66.28) <0.001***

Yes 0 29(33.72)  

Cough phlegm    

No 89(100.0) 60(69.77) <0.001***

Yes 0 26(30.23)  

Freq. fev.    

No 89(100.0) 56(65.12) <0.001***

Yes 0 30(34.88)  

Short breath res.    

No 89(100.0) 77(89.53) 0.001***

Yes 0 9(10.47)  

 Short breath ex.    

No 89(100.0) 61(70.93) <0.001***

Yes 0 25(29.07)  

Loss voice    

No 89(100.0) 65(75.58) <0.001***

Yes 0 21(24.42)  

Catarrh      
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No 89(100) 46(53.5) <0.001***

Yes  0 40(46.5)  

On Vacation      

No 89 (100) 83(96.5) 0.03*

Yes 0 3(3.5)  

P-values in parentheses; *p<0.05, **p<0.01, ***p<0.001; No = absence of symptoms; Yes = occurrence of
symptoms

Comparison of Lung Function Indices among Woodworkers and Non-Exposed Workers.

Table 4 shows the student t-test was used to compare the lung function indices (spirometry values)
among the woodworkers and non-exposed workers. Although most of the woodworkers had normal VC
values, there was a signi�cant change compared with the non-exposed workers. There were insigni�cant
changes with the other lung function indices (FVC, FEV1, FEV1/FVC, and PEFR) of the woodworkers
compared with the non-exposed workers.

Table 4 Compared Lung Function Indices between Woodworkers and Non-Exposed Workers

Spirometry values
(%pred) 

Woodworkers Mean (±
SD)

Non-exposed workers Mean (±
SD)

T p-
value

 VC 90.14 ± 13.75 94.20 ± 11.48 2.12 0.036

 

FVC 94.56±15.01 97.13±13.45 1.19 0.234

 

FEV1 98.20±17.91 99.73±14.69 0.62 0.538

 

FEV1/FVC 103±0.10 104±0.13 -0.79 0.429

 

PEFR 79.55±18.56 80.11±10.17 -0.81 0.449

P-values; p<0.05, SD: Standard deviation.

Woodworkers with normal lung function indices.

Table 5 shows that more than 75% of the woodworkers had lung function (VC, FVC, FEV1, and FEV1/FVC,)
values above the normal except PEFR which was 54%.  
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Table 5 Wood Workers with normal lung function indices 

Parameters Woodworkers

Mean %predicted values

Number of Woodworkers with normal values (%) n=86

VC 90.14  

68 (78)

FVC 94.56 74 (85)

FEV1 98.20 74 (82)

FEV/FVC 1.03 77 (89)

PEFR 79.55 47 (54)

Discussion
Level of Wood Dust Exposure

The level of inhalable wood dust at the workplace of the woodworkers measured in this study was in the
range of 0.003 – 1.02 mg/m3. This is low compared with the documented permissible exposure level of
countries such as the USA, European Union, Australia, and New Zealand (0.5 mg/m3 - 5.0 mg/m3).
Moreover, it was also found to be within the lower limits or below some documented exposure levels at
which respiratory symptoms have been recorded in other studies. Gripenback et al. [2] reported various
respiratory symptoms in woodworkers exposed to wood dust levels ranging from 0.2 – 7.4 mg/m3.
Bohadana et al.[3] observed bronchial hyper-reactivity in woodworkers exposed to dust levels between
2.96 –12.74 mg/m3. Also, Ennin [4] reported the high frequency of respiratory symptoms in woodworkers
exposed to dust levels ranging between 0.19 - 0.71 mg/m3.  This study recorded a high relative humidity
at the study site which may contribute to the low wood dust exposure level. High humidity damps
inhalable wood dust to increase weight and fall under gravitation force hence reducing the inhalable dust
concentration in the air. In the present study, more than 60% of the woodworkers reported no respiratory
symptoms at the workplace. Comparing the present study with other previous studies this study suggests
that low dust exposure may account for the less frequent respiratory symptoms in woodworkers. This is
consistent with the suggestion of Liou et al. [1], that a high level of wood dust exposure to woodworkers
leads to occupational respiratory hazards. The present study suggests that high relative humidity may
contribute to a low level of wood dust exposure, and this may further contribute to less frequent
respiratory symptoms and normal lung function values in the woodworkers.   

Frequency of Respiratory Symptoms in woodworkers
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Respiratory symptoms in woodworkers are often initiated by irritant stimulation and in�ammatory
reaction of the airways resulting from an allergic response.  A high frequency of respiratory symptoms at
the workplace was observed in the woodworkers as compared with the no respiratory symptoms reported
in the non-exposed workers. This result is consistent with other studies that have reported a high
frequency of respiratory symptoms in woodworkers [5, 9 17-19).  This study also observed that more of
the woodworkers sneezed or had catarrh /rhinitis at the workplace than other respiratory symptoms. This
is consistent with the �ndings of Jacobsen  et al [20] and Soongkhang and
Laohasiriwong [17].This �nding can be attributed to the presence of irritant molecules or mechanical
irritation by the wood dust. However, except for sneezing and catarrh, a greater number of the
woodworkers reported no respiratory symptoms at the workplace. This is consistent with the previous
study �ndings [3, 21, 22] who found few or none of the woodworkers in their studies with respiratory
symptoms. In addition, most of the woodworkers reported discontinuous or no frequent respiratory
symptoms during vacation. This is consistent with the �nding of Boskabady et al. [27] who observed that
most respiratory and allergic symptoms in carpenters signi�cantly increased during work compared to
their rest period. Moreover, the present study observed that virtually all the woodworkers did not wear
nose masks while they work, which exposed them to much inhalable dust from the ambient air. This
study suggests that the reduced number of woodworkers reporting for respiratory symptoms may be
attributed to the low level of wood dust exposure to the woodworkers.

Lung Function Indices Compared between Wood Workers and Non-Exposed Workers

Reduction in the lung function indices is characteristic of respiratory disorders.  In the present study, all
the lung function values of both woodworkers and the non-exposed workers were within the normal
reference range. This suggests that there was no signi�cant negative health effect of the wood dust on
the respiratory system of the woodworkers. This is consistent with previous studies [8, 21] who found no
negative effects of wood dust on the lungs of the woodworkers they studied. In contrast, other studies
have reported a signi�cant reduction in lung function indices and negative health effects in woodworkers
[17-19].   Ennin [4] in a study at the Accra Timber Market, reported a signi�cant reduction in the lung
function indices of the woodworkers, however, most of the woodworkers were within the normal range.  
The variation in the results of different studies may be attributed to either the different wood species
and/or the different levels of wood dust exposure to woodworkers.  The present study, therefore, suggests
that a low level of wood dust exposure can contribute to the normal lung function status in woodworkers.

Conclusion
This study reveals that the woodworkers exposed to the mixed tropical hardwood dust shows less
frequent respiratory symptoms and normal lung function status due to the high relative humidity and a
well-ventilated workshop which may have contributed to a low level of wood dust exposure to
woodworkers. Moreover, the study reveals that the woodworkers are at a higher risk of sneezing, catarrh,
and dry cough.
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