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ABSTRACT

Background: Diseases affecting the lungs and airways contribute significantly to the 
global burden of disease. The problem in low- and middle-income countries appears to 
be exacerbated by a shift in global manufacturing base to these countries and inadequate 
enforcement of environmental and safety standards. In Ghana, the potential adverse effects 
on respiratory function associated with occupational wood dust exposure have not been 
thoroughly investigated.
Methods: Sixty-four male sawmill workers and 64 non-woodworkers participated in this 
study. The concentration of wood dust exposure, prevalence and likelihood of association 
of respiratory symptoms with wood dust exposure and changes in pulmonary function 
test (PFT) parameters in association with wood dust exposure were determined from dust 
concentration measurements, symptoms questionnaire and lung function test parameters.
Results: Sawmill workers were exposed to inhalable dust concentration of 3.09 ± 0.04 mg/
m3 but did not use respirators and engaged in personal grooming habits that are known 
to increase dust inhalation. The sawmill operators also showed higher prevalence and 
likelihoods of association with respiratory symptoms, a significant cross-shift decline in 
some PFT parameters and a shift towards a restrictive pattern of lung dysfunction by end of 
daily shift. The before-shift PFT parameters of woodworkers were comparable to those of 
non-woodworkers, indicating a lack of chronic effects of wood dust exposure.
Conclusions: Wood dust exposure at the study site was associated with acute respiratory 
symptoms and acute changes in some PFT parameters. This calls for institution and 
enforcement of workplace and environmental safety policies to minimise exposure at sawmill 
operating sites, and ultimately, decrease the burden of respiratory diseases.
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BACKGROUND

Chronic diseases affecting the lungs and airways, including chronic obstructive pulmonary 
disease (COPD), asthma, occupational lung diseases and lung cancer constitute a significant 
global health burden.1 This burden reflects significantly in the potential years of productive 
life lost due to morbidity and mortality associated with these diseases, or the disability-
adjusted life-years (DALYs). In 2019, COPD and lung cancer were ranked among the ten 
foremost causes of DALYs in males older than 50 years.1 Asthma affected an estimated 339 
million people globally in 2016 and contributed 23.7 million DALYs, making it the 28th 
leading cause of global disease burden.2 Worryingly, the burden of chronic respiratory 
diseases in middle- and low-income countries is high,1,3,4 posing additional difficulties for the 
already fragile health systems, which in turn exacerbates disease burden, in a vicious cycle.5

Occupational exposure to wood dust is recognized as an important driver of chronic 
respiratory diseases globally. However, it is of greater concern in developing countries due to 
increasing proportion of global manufacturing base and lax enforcement of workplace safety 
regulations.6,7 The wood processing industry is a significant source of wood dust, as all stages 
of wood processing including peeling, slicing, sawing, routing, sanding and planing, produce 
dust. Hardwoods, such as those that predominate in tropical countries, produce greater 
quantities of dust because of greater densities of wood cells than softwoods found in more 
temperate climates.8 Hardwoods commonly processed in Ghana, West Africa, include obeche 
(wawa), iroko (odum) and mahogany, which have densities between 390 and 660 kg/m3.9

Dust exposure at wood processing sites could be minimised by the use of effective ventilation 
systems, and respiratory protective equipment (RPEs) such as respirators, as well as 
effective disposal of sawdust.10 However, ventilators and RPEs may be absent and sawdust 
may be discarded on site,11 which could expose sawmill workers, carpenters, cleaning and 
maintenance staff, construction workers and ship or boat builders to high levels of wood dust.8

The wood industry contributes significantly to Ghana’s economy, placing fourth as the 
country’s highest earner and providing direct employment to more than 100,000 people.12 
Regardless, workplace conditions of wood workers that could expose them to the potential 
harmful effects of wood dust have received little attention. A growing body of evidence, 
including those from studies carried out in Nigeria—a country in West Africa with similar 
wood types, industrial wood processing techniques and workplace conditions—indicates that 
high wood dust exposure is associated with increased frequency of respiratory symptoms and 
impaired lung function, as reflected in significant decrease in selected respiratory parameters 
such as the one-second forced expiratory volume (FEV1) and forced vital capacity (FVC).13-18

The present study addresses the effect of wood dust exposure on respiratory function of the 
Ghanaian woodworker by examining the wood dust exposure at some sawmill operating sites 
in the Cape Coast Metropolis, the prevalence of respiratory symptoms and occurrence of 
acute and chronic changes in respiratory function compared to healthy controls.

METHODS

Study design and sample size
This was a cross-sectional study conducted over a period of 10 months between September 
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2019 and July 2020. The study population consisted of male sawmill workers from the 3 
biggest sawmill operating sites in 3 localities (i.e., Abura, Kakumdo and Esuekyir) in the Cape 
Coast Metropolis of the Central Region of Ghana. The study sites were situated near major 
roads in unpaved, open places. The workers were involved in activities such as sawing, planing, 
sanding and removal of saw dust from the saw mill. All consenting male woodworkers at each 
study site were recruited into the study but only those who provided complete responses to 
the questionnaire were included in the analysis. Compartmentalisation of space or function 
was little or absent, as all workers engaged in similar activities within the same open space. 
Administrative staff were not included in the sampling. The reference group of 64 male 
subjects was selected by convenience sampling from among office workers, security personnel 
and students of the University of Cape Coast. Student participants were asked to quantify their 
daily workload from hours spent in lecture rooms, laboratory and library. The academic year of 
the student was used in lieu of work experience.

Dust sampling
Dust exposure levels were measured at Abura and Kakumdo sawmill operating sites. The 
inhalable concentration collected during one work shift (lasting approximately 8 hours) 
was measured with a personal dust sampler (AirChek XR5000 pumps; SKC, Blandford 
Forum,UK) equipped with dust filters assembled on a worker’s chest within their breathing 
zone. The airflow was set to 3.5 L/minute. A total of 6 samples were collected from the timber 
markets (3 samples each at Abura and Kakumdo). Two control samples were collected at 
the workplaces of the reference group—the first was collected on a security guard stationed 
outside an office building and the second on an indoor office worker.

Questionnaire survey
A structured questionnaire was used to collect anthropometric data of participants (age, 
height, sex and weight), medical history, work experience and daily work hours, personal 
grooming habits and data on status of respiratory symptoms during vacation (off work 
periods). The questionnaire, which was based on the American Thoracic Society (ATS) 
questionnaire for respiratory symptoms and was adjusted to fit local conditions, obtained 
anthropometric characteristics of participants, presence of respiratory symptoms, smoking 
status, grooming habits, i.e., whether or not participants regularly shaved their nasal 
vibrissae and facial hair, personal and family medical history, etc. The questionnaires were 
administered to the participants by the researchers. This was done in the English language 
but was translated into the 2 predominant local languages of the area, i.e., Twi or Fante, for 
those who did not speak English.

Pulmonary function test (PFT)
The lung function of the participants was assessed using a computer-based, hand-held 
spirometer (MIR MiniSpir spirometer; A-M Systems, Carlsberg, WA, USA) connected to the 
WinspiroPRO 7.6 software. Spirometry was carried out with the subject sitting in an upright 
position. The PFT parameters FVC, FEV1, and forced expiratory ratio (FER) were measured and 
saved electronically. Spirometry was performed in 2 sessions; before exposure to wood dust at 
the start of work for a new week (“before shift”) and after exposure to wood dust at the close 
of work on first day of the week (“after shift”). Before shift and after shift assessments for the 
control group were performed, respectively, in the morning at the beginning of work and in the 
afternoon shortly before close of work. The spirometry manoeuvre was done according to ATS/
European Respiratory Society guidelines.19 For each session, the manoeuvre was performed at 
least 3 times in each subject and the best score for each subject was selected as the final score.
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Ethical considerations
Ethical clearance and approval were obtained from the University of Cape Coast Institutional 
Review Board with approval number UCCIRB/EXT/2019/25. Informed consent was 
also obtained from all participants in this study. Confidentiality in the management of 
participants’ information was ensured. Prospective participants were informed of their 
liberty to withdraw from the study at any time, if they so wished.

Comparisons
Differences in wood dust exposure between the 2 groups were assessed by comparing 
the concentration of inhalable dust. Due to the location of sawmills in open sheds along 
major roads, the potential contribution of inorganic dust particles blown from the road 
and bare floors was examined by expressing inhalable dust as organic and inorganic 
fractions. To determine association between wood dust exposure status of the subjects and 
anthropometric parameters, smoking status, work hours and experience, and personal 
grooming habits, the respective measures for the study population and reference group were 
compared. The potential adverse effects of wood dust on pulmonary function were assessed 
by comparing the likelihoods of association of the respiratory symptoms as well as changes 
in PFT parameters between woodworkers and the reference population. To separate acute 
and chronic effects of wood dust exposure, the observed versus expected disappearance or 
improvement of respiratory symptoms among woodworkers during vacations or weekends 
were compared. Furthermore, cross-shift changes in PFT among wood workers were 
considered “acute effects” while differences in PFT between wood workers and controls 
occurring within the same shift were considered “chronic effects.”

To examine factors that may exacerbate wood dust exposure among wood workers, the 
responses to perceived workload stress (a self-report of work stress or tiredness and number 
of hours applied at work), dust exposure insight (self-knowledge of severity of exposure 
to dust) and use of respirators as protective gear against dust inhalation were assessed. A 
combination of high workload stress, high exposure insight but low use of respirators was 
considered exacerbating for adverse wood dust effects.

Statistics
Statistical analyses were performed using the Statistical Package for Social Sciences 
(SPSS) version 26 (IBM Corp., Armonk, NY, USA). The data was organised and analysed 
by using descriptive and inferential statistics. Descriptive statistics was used to present 
anthropometric and other variables by frequency, mean, standard mean error and 
percentage. Statistical comparisons of wood worker and reference group variables were 
performed using the paired samples t-test, χ2 test and multiple linear regression, depending 
on the test conditions. The association between wood dust exposure and frequency of 
respiratory symptoms was tested using binary logistic regression. Significance was set at 
p-values less than 0.05.

RESULTS

A total of 128 people, consisting of 64 members each for woodworkers and a reference group 
of non-woodworkers, participated in this study. The woodworkers had a higher mean age (p 
< 0.001), higher number of years of work (p < 0.01), higher number of working days in a week 
(p < 0.001) and higher number of hours of work per day (p < 0.001) compared to the reference 
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group (Table 1). On the other hand, the mean height of the reference group was significantly 
taller than woodworkers (p = 0.012). No significant differences were found between the 
mean weight of the groups (p > 0.05). Although a slightly higher proportion of woodworkers 
smoked than the reference population (7.81% vs. 3.13%), the difference was insignificant (p 
= 0.244), and therefore, any potential effects of smoking on lung function were not explored 
further. Also, a significantly higher proportion of woodworkers regularly shaved their nasal 
vibrissae (40.63% vs. 6.56%, p < 0.001). No statistical difference was found between the 
proportions of subjects who regularly shaved their moustache.

Fig. 1 shows the level of exposure to dust among woodworkers and the reference group. 
The mean quantity of dust exposure for 6 samples of inhalable dust measurement at 2 
different timber markets was 3.09 mg/m3 (range 1.19 to 6.55 mg/m3). Two measurements at 
the workplaces of the reference population showed dust exposures of 0.09 mg/m3 (indoor 
worker) and 0.14 mg/m3 (outdoor worker). The larger fraction of inhalable dust measured at 
sawmill sites was organic wood dust (2.54 mg/m3), while the inorganic dust level was 0.55 
mg/m3. The study population was exposed to significantly higher quantities of inhalable dust 
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Table 1. Demographic characteristics of study participants
Variable Woodworkers (n = 64) Reference group (n = 64) p-value
Age (year) 29.67 ± 10.19 24.05 ± 6.95 < 0.001a

Height (cm) 171.48 ± 6.90 174.40 ± 5.97 0.012a

Weight (kg) 66.25 ± 11.08 67.05 ± 11.77 0.694a

Work experience (year) 8.53 ± 8.40 4.96 ± 5.35 0.007a

Daily work hours 8.97 ± 1.97 6.61 ± 2.70 < 0.001a

Working days in a week 6.00 ± 0.18 4.69 ± 0.55 < 0.001a

Smokers (%) 7.81 3.13 0.244b

Regularly shave moustache (%) 60.94 68.75 0.185b

Regularly shave nasal vibrissae (%) 40.63 6.56 < 0.001b

Values are presented as mean ± standard deviation.
aIndependent samples t-test; bχ2 test.
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Fig. 1. Total levels of inhalable personal exposure (mg/m3) to organic dust (purple bars) and inorganic dust (blue 
bars) among wood workers and reference populations during an 8-hour work shift.



than the reference population (3.09 ± 0.04 mg/m3 vs. 0.12 ± 0.03 mg/m3, p = 0.012), organic 
fraction of inhalable dust (2.54 ± 1.76 mg/m3 vs. 0.04 ± 0.05 mg/m3, p = 0.017) and inorganic 
fraction of inhalable dust (0.55 ± 0.38 mg/m3 vs. 0.08 ± 0.01 mg/m3, p = 0.030).

Respiratory symptoms occurred more frequently among woodworkers (Table 2). All the 
respiratory symptoms examined occurred at greater frequencies and risks of association 
among woodworkers than the reference population, excepting “breathlessness during 
exercise.” Sneezes (75%), wheezes (62.5%), rhinorrhoea (62.5%), coughs (48.5%) and 
sputum (40.6%) were the commonest symptoms among woodworkers, occurring at 
16.20 folds, 51.67 folds, 10.71 folds and 21.21 folds, respectively, more than the reference 
population. The woodworkers were also more likely to develop dry cough (10.65 times), 
fevers (14.09 times), breathlessness at rest (5.43 times), hoarseness or loss of voice (4.98 
times) and dyspnoea (21.11 times).

Table 3 presents exposure profiles, RPE use and chronicity of respiratory symptoms among 
wood workers. A larger proportion of woodworkers reported high workload stress (98.4%) 
and high dust exposure insight (98.4%). However, only 3 respondents representing 4.7% 
of woodworkers, regularly used RPEs, while 61 respondents, representing 95.3% did not 
use them, citing discomfort associated with wearing RPEs (14 respondents, representing 
22.3%) and non-availability of RPEs due to cost (46 respondents, representing 73.0%). A few 
woodworkers (3 respondents, representing 4.7%) had no reason for working without RPEs. 
This shows a combination of high daily work exposure to wood dust among woodworkers but 
little protection from the exposure.

On chronicity of symptoms, a higher proportion of woodworkers (43 respondents, 
representing 67.19%) reported having less severe respiratory symptoms on non-working days 
than those who found no improvement in symptoms (21 respondents, representing 32.81%). 
A higher proportion of woodworkers (37 respondents, representing 57.81%) also stated 
complete disappearance of respiratory symptoms on off-work days than those who reported 
persistence of those symptoms (27 respondents, representing 42.19%). Among woodworkers 
who reported improvement or disappearance on non-working days, 28 persons, representing 
43.75% reported improvement on the first day of vacation, 9 respondents, representing 
14.06% on second day, 15 respondents, representing 23.44% on third day and 6 respondents, 
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Table 2. Frequency of respiratory symptoms among woodworkers and reference group
Symptom Wood-

workers
Reference 

group
Risk ratioa  

(exposed/non-exposed)
95% CI  

(lower–upper)
p-valueb

Wheezing 40 (62.5) 2 (3.1) 51.67 11.57–230.69 < 0.001*

Sneezing 48 (75.0) 10 (15.6) 16.20 6.72–39.08 < 0.001*

Rhinorhoea 40 (62.5) 7 (13.5) 10.71 4.17–27.51 < 0.001*

Cough 31 (48.4) 4 (6.3) 14.09 4.58–43.39 < 0.001*

Dry cough 22 (34.4) 3 (4.7) 10.65 3.00–39.88 < 0.001*

Fevers 31 (48.8) 4 (6.3) 14.09 4.58–43.39 < 0.001*

Sputum 26 (40.6) 2 (3.1) 21.21 4.76–94.47 < 0.001*

Breathlessness at rest 17 (26.6) 4 (6.3) 5.43 1.71–17.21 0.002*

Breathlessness during exercise 19 (29.7) 22 (34.4) 0.86 0.38–1.70 0.570
Hoarseness/Loss of voice 19 (29.7) 5 (7.8) 4.98 1.73–14.36 0.002*

Personal history of asthma 1 (1.6) 3 (4.7) 0.32 0.03–3.19 0.310
Dyspnoea 19 (29.7) 1 (2.0) 21.11 2.72–164.12 < 0.001*

Values are presented as sample size (%).
CI: confidence interval.
aRisk estimate of symptoms among woodworkers/reference at 95% CI; bχ2 test of independence; *Significant 
association.



representing 9.38% on other days. A further 6 respondents, representing 9.4% provided 
no answer. Together, the results on symptoms chronicity show that respiratory symptoms 
among a majority of woodworkers (81.25%) improved quickly during off work periods, 
whereas 18.75% of woodworkers experienced chronic respiratory symptoms during the off-
work period.

The results of the PFT are shown in Table 4 for a total of 49 woodworkers and 64 members of 
the reference group who competed before and after shift spirometries. Acute effects of wood 
dust exposure on PFT parameters were assessed by comparing cross-shift changes in PFT scores 
of the woodworkers, i.e., differences between scores obtained at the start of shift (before shift) 
and at the end of shift (after shift). Significant cross-shift differences were obtained for FVC 
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Table 3. Exposure profiles, respiratory protective equipment and chronicity of respiratory symptoms
Variable Woodworkers
Perceived workload stress

High 63 (98.44)
Low 1 (1.56)

Dust exposure insight
High 63 (98.44)
Low 1 (1.56)

Nose mask use at workplace
Yes 3 (4.69)
No 61 (95.31)

Reason for non-use of mask
Discomfort/difficulty breathing 14 (22.22)
Non availability/cost 46 (73.02)
No reason 3 (4.76)

Improve on non-working days
Yes 43 (67.19)
No 21 (32.81)

Disappear on non-working days
Yes 37 (57.81)
No 27 (42.19)

Improve during vacations
Yes 43 (67.19)
No 21 (32.81)

Disappear during vacations
Yes 37 (57.81)
No 27 (42.19)

Symptom improvement latency during vacation (days)
1 28 (43.75)
2 9 (14.06)
3 15 (23.44)
Other day in first week 6 (9.38)
No answer 6 (9.38)

Values are presented as number (%).

Table 4. Cross-shift comparison of spirometry scores of wood workers

Variable Before shift After shift p-valuea

FVC (L) 3.62 ± 0.11 3.49 ± 0.10 0.014*

FEV1 (L) 3.11 ± 0.08 3.00 ± 0.08 0.021*

FER (FEV1/FVC%) 86.88 ± 1.34 86.61 ± 1.31 0.697
Values are presented as mean ± standard deviation.
FVC: forced vital capacity; FEV1: one-second forced expiratory volume; FER: forced expiratory ratio.
aPaired samples t-test.
*Significant change.



(3.62 ± 0.11 vs. 3.49 ± 0.10, p = 0.014), and for FEV1 (3.11 ± 0.08 vs. 3.00 ± 0.08, p = 0.021) but 
not FER (86.88 ± 1.34 vs. 86.61 ± 1.31, p = 0.697). Assessment of chronic effects of wood dust 
exposure was performed by comparing PFT parameters of woodworkers and the reference 
population obtained within the same shift. Owing to differences in several anthropometric 
and sociodemographic parameters between woodworkers and the reference, the effect of 
each parameter on PFT scores was examined. Table 5 shows that wood dust exposure was 
not significantly associated with FVC (p = 0.202), FEV1 (p = 0.411) and FER (p = 0.558) scores. 
Rather, differences in height, weight and age between woodworkers and reference group 
accounted for PFT differences measured within the same shift.

Together, the spirometry results presented in Tables 4 and 5 indicate that whereas wood dust 
exposure is associated with significant acute changes in some PFT parameters, no chronic 
changes associated with wood dust exposure alone was found.

The effect of wood dust exposure on respiratory status was assessed by comparing the 
respiratory status of 48 woodworkers and 63 reference subjects, who strictly completed 
before- and after-shift spirometries on the same day. The lung status of each was subject 
was classified by the WinspiroPRO software as normal (FER, FVC and FEV1 all within 
normal of predicted), obstructive (FER and FEV1 < normal of predicted) or restrictive 
(FVC and FEV1 < normal of predicted accompanied by FER > normal) pattern, in line with 
previously established criteria.20 In the before-shift period, 49 participants within the 
reference population, representing 77.8% had normal respiratory status, 13 participants, 
representing 20.6% had a restrictive lung status and 1 participant had an obstructive status. 
During the same period, 35 woodworkers, representing 72.9% had normal respiratory 
status, 11 participants, representing 22.9% had restrictive lung condition and 2 participants, 
representing 4.2% had an obstructive lung status. This distribution of respiratory status was 
not statistically significant (p = 0.663). In the after-shift period, 51 (81%) participants in the 
reference group examined had normal respiratory status while 12 (19%) had a restrictive 
status. However, the number of woodworkers with normal respiratory status had reduced 
to 26 (54.2%), the number with restrictive lung status had increased to 21 (43.8%) and only 
1 participant (2.1%) had an obstructive status, showing a significant shift in the respiratory 
status of woodworkers towards a restrictive pattern by the end of a daily shift (p = 0.008).
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Table 5. Association between anthropometric parameters and dust exposure status on PFT
Variable PFT parameter β (95% CI)a p-valueb

Wood dust exposure status FVC 0.142 (−0.08, 0.36) 0.202
FEV1 −0.078 (−0.27, 0.12) 0.411

FEV1/FVC 1.279 (−3.03, 5.59) 0.558
Height FVC 0.038 (0.02, 0.06) < 0.001*

FEV1 0.033 (0.02, 0.05) < 0.001*

FEV1/FVC 0.137 (−0.22, 0.50) 0.452
Weight FVC 0.06 (−0.01, 0.02) 0.246

FEV1 0.003 (−0.01, 0.01) 0.514
FEV1/FVC −0.231 (−0.44, −0.03) 0.027*

Age FVC −0.015 (−0.03, 0.00) 0.044*

FEV1 −0.014 (−0.03, 0.00) 0.024*

FEV1/FVC −0.189 (−0.471, 0.09) 0.188
PFT: pulmonary function test; CI: confidence interval; FVC: forced vital capacity; FEV1: one-second forced 
expiratory volume.
aOdds of association at 95% CI; bMultiple linear regression.
*Significant association.



DISCUSSION

Significant differences in various anthropometric and demographic indices were found 
between woodworkers and the reference group, including age, height, number of years in 
active employment, number of work days in a week and the number of daily work hours. 
Some of these differences may confound absolute PFT scores, e.g., age and height,21,22 and so 
the effects of exposure on PFT parameters were studied after controlling for some of these 
differences. Furthermore, the number of smokers among both study and reference groups 
was low and the difference was not significant, showing that smoking was not a confounding 
factor. In contrast with another study in Iran that found that as much as 41% of the study 
population and 38% of the reference population smoked,15 there is a low prevalence of 
smoking in Ghana,23,24 which explains this finding.

Interestingly, a significantly higher proportion of woodworkers regularly shaved their nasal 
vibrissae than the reference group (40.63% vs. 6.56%). Because the nasal vibrissae trap large 
particles from entering the nasal passages and improve the efficiency of the passages in the 
long-term,25 shaving them may worsen the impact of wood dust exposure. However, trimming 
the nasal vibrissae may relieve nasal obstruction,26 and because wood dust exposure reduces 
nasal patency,27 this grooming behaviour may serve this purpose among woodworkers. Nasal 
trimming may also be common among wood workers due to cosmetic reasons, since the 
vibrissae become more noticeable when they trap particles in dusty environments.

In this study, woodworkers were exposed to a wood dust concentration of 3.09 mg/m3, 
compared with exposure levels of 0.115 mg/m3 for non-woodworkers. Such high exposures 
are expected at sawmill operating sites, where various wood processing activities produce 
dust. Additionally, wood wastes generated by the timber industry in Ghana is not properly 
disposed and is often discarded on site,11 which contributes to high exposure. Consequently, 
the exposure of woodworkers exceeded the threshold limit value-time weighted average 
(TLV-TWA) of 1 mg/m3 per 8 hours for hard woods.28 A higher exposure to inorganic dust as 
a fraction of inhalable dust at sawmill operating sites is expected on account of the general 
location of the sites by major roads in open, unpaved sheds. Exposure to inorganic dust 
particles is associated with increased frequency of respiratory symptoms and long-term 
adverse effects on respiratory function.29,30

This study has found a high frequency of respiratory symptoms among woodworkers, as well 
as high likelihoods of association between wood dust exposure and presence of respiratory 
symptoms (Table 2). This finding is in agreement with previous reports.14-18,31-37 The allergenic 
effects of wood dust have been firmly established in numerous studies,38-46 which explains 
the association, although a few other studies have reported finding no adverse respiratory 
symptoms with wood dust exposure.35,36,47 Some of these differences may arise from 
differences in wood type, use of RPEs and adherence to workplace safety protocols, grooming 
behaviour and other confounding demographic, genetic, anthropometric and behavioural 
parameters. For instance, the study population of the present study did not wear respirators, 
in spite of gruelling work hours and awareness of high wood dust exposure, either because 
cost-cutting measures instituted by supervisors and employers limited their provision or the 
workers reported discomfort associated with wearing them (Table 3). The real reason RPEs 
were not used by the workers may well be that they were oblivious of the potential injurious 
consequences of such exposure, perhaps, due to the low educational levels and lack of 
opportunity among Ghanaian artisans.
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A few studies have reported increased obstructive lung dysfunction among woodworkers 
compared to controls.34,39 On the other hand, several other previous studies have reported 
little evidence of increased obstructive lung dysfunction in association with wood dust 
exposure. Rather, restrictive lung condition appears to be a more common pattern among 
subjects exposed to both soft and hardwoods,15,16,48 which is supported by reports of increased 
inflammation and lung fibrosis associated with wood dust exposure.49,50 Indeed, in the 
present study a higher proportion of restrictive lung dysfunction (52%) was found among the 
woodworkers after exposure to wood dust (Table 6), which supports the above.

On the question of whether wood dust exposure produces effects on PFT parameters, 
this study found a significant cross shift decline in the scores of the FVC and FEV1 but 
not FER among woodworkers (Table 4). This finding suggests an acute decrease of 
respiratory function that is consistent with the reported acute allergenic effects of wood 
dust exposure.38-46 However, the absence of a chronic effect of wood dust exposure when 
confounding factors were controlled (Table 5), suggests that the between-shifts changes in 
PFT scores of woodworkers in the previous shift were, in the time interval of about 12 hours 
between shifts, completely reversible.

An explanation for the cross-shift decline in some PFT parameters among woodworkers, 
especially when interpreted with the absence of a chronic effect of wood dust exposure, could 
be reduced expiratory effort during spirometry by tired woodworkers at the end of a long 
workshift. However, reference subjects did not show this shift. Moreover, some studies have 
reported a shift towards increased leucocyte recruitment to the lungs, increased cytokine, 
chemokine and chemokine receptor expression, along with a restrictive lung status upon 
wood dust exposure.15,51 Due to various logistical and technical limitations, including a 
lack of documentation at the sawmill sites, an assessment of wood type, wood treatment 
with preservatives, harmful microbial contamination and other factors that could clarify 
these findings was not performed. Further research to explore causality and underlying 
mechanisms of allergenic effects to acute wood dust exposure in the study area is required.

The absence of chronic changes in PFT scores among woodworkers was unexpected but 
appears to be supported by a few other studies.35,36,47 However, some other studies reported 
significant chronic effects.15,16,31-33,37 The difference in outcome may be due to wood type 
and amount of exposure, microbial and chemical contaminants in the work environment, 
number of years of exposure and other sociodemographic and anthropometric variables. 
One study,15 for example, found chronic differences in PFT among woodworkers in Iran 
compared with unexposed controls but the concentration of dust in air in that study was 6.76 
± 1.71 mg/m3, compared with (3.09 ± 1.90 mg/m3) found in this study. Additionally, the wood 
workers in that study had a mean work experience of 13.6 ± 9.91 years, compared with mean 
work experience of 8.53 ± 8.40 found in this study. Indeed, significant correlations between 
adverse pulmonary health status and intensity of wood dust exposure52 and work experience 
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Table 6. Respiratory status before start of shift and end of shift among woodworkers
Shift Variable Normal Restrictive Obstructive χ2 statistic p-valuea

Before shift Reference 49 (77.8) 13 (20.6) 1 (1.6) 0.821 0.663
Woodworkers 35 (72.9) 11 (22.9) 2 (4.2)

After shift Reference 51 (81) 12 (19) 0 (0) 9.722 0.008*

Woodworkers 26 (54.2) 21 (43.8) 1 (2.1)
Values are presented as number (%).
aχ2 test.
*Significant change.



as a wood worker17 have been previously reported. Additionally, it must be supposed that 
acute inflammatory responses induced by wood dust exposure during a shift51 resolve by the 
beginning of the next shift, and differences in lung status could disappear. In this respect, 
wood-dust exposure effects are similar to those caused by reversible byssinosis, whereby 
cross-shift differences in lung function emerge upon acute exposure on work days but not 
when workers stayed away from exposure.53

Detailed clinical assessment of respiratory health of woodworkers from the symptoms 
questionnaire and results of PFT was not part of the scope of this work. A detailed 
examination of this question is planned in future studies. Another major limitation of the 
present study is failure to measure dust exposure for each wood worker, and consequently, 
a failure to perform a dose-response analysis between intensity of dust exposure and 
spirometry changes, as well as occurrence of respiratory symptoms. In the context of this 
study, however, all the steps of wood processing at the timber markets occur within the same 
space. Hence, a similar level of exposure was expected for all individuals at any given site. 
Nonetheless, future studies will explore this dose-response relationship in the study area.

In sum, this study has found wood dust exposure levels exceeding the TLV-TWA for this dust, as 
well as associated respiratory symptoms and changes in PFT parameters among the woodworkers. 
Although the observed effects of the exposure were mostly acute, it is to be expected that repeated 
cycles of acute lung injury may culminate in long-term pulmonary dysfunction and cancers, as 
reported in other studies.15,38,39,42,48,54,55 This calls for immediate enforcement of environmental 
and personal safety protocols at sawmill operating sites. Improved ventilation, safe collection and 
disposal of sawdust, wearing of RPEs and education of woodworkers on the potential harmful 
effects of wood dust exposure are important steps towards minimising wood dust exposure, and 
ultimately, decreasing the burden of respiratory diseases.

CONCLUSIONS

Our findings indicate that exposure to wood dust impaired the lung function of wood 
workers. It is therefore imperative for stakeholders of the wood industries to put in place and 
enforce safety measures at the work place to minimize the negative effects of wood dust on 
workers and enhance their safety at the work place.
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