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ABSTRACT

Introduction: Exposure to wood particles is frequently correlated with detrimental
effects on the respiratory health of carpenters. This study examines the effects and risk
factors associated with exposure to wood particles on respiratory function in informal
woodworkers, such as carpenters in Senegal. Methods: An analytical cross-sectional
study was conducted from 02/08/2021 to 30/11/2021 with a four-stage random
sampling of selected participants. Data collection required a questionnaire and a
particule sampler. The data were processed using Epi-Info *"**%and
Excel **software for logistic regression. Results: A total of 200 men with a mean age
of 32.43+12.50 years were surveyed. The median years at work was 13.5 years
(IQR: 5-23). The maximum mean particle concentrations above the occupational
exposure limit value (OEL) in a closed carpentry shop (limited ventilation) and open
workshops (ventilated) were 3.88 and 1.10 mg/m?3 respectively. Respiratory disorders
were cough (43.0%), sputum (48.5%), shortness of breath (36.0%), whistling (15.0%),
chronic bronchitis (20.5%), rhinitis (10.5%), alveolitis (7.4.0 %), asthma (4.0%) and
tuberculosis (1.0%). After adjustment to the smoking status variables and carpentry
shop type, the duration of exposure to high levels of wood particles (aOR = 2.74, CI
95 %: 1.43-5.22, p = 0.0022) significantly increased the risk of respiratory disorders.
Conclusion: Mean exposure levels were above OEL, and the risk increased with
duration of exposure to high levels of wood particles. Thus, we recommend methods
for reducing and controlling exposure as well as raising awareness of respiratory health
issues among carpenters.
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Introduction

Exposure to wood particles is generally associated
with a high prevalence of respiratory symptoms and
diseases, including mucous membrane and nasal
respiratory tract irritation, deterioration of lung
function, asthma and allergies [1]. This exposure can
lead to short- and medium-term diseases (rhinitis,
eczema, conjunctivitis) and in the long term the
onset of cancers of the nasal cavities, the ethmoid
and other sinuses of the face [2]. Wood particles are
also classified by the International Agency for
Research on Cancer (IARC) as proven carcinogens
(Group 1) for humans, especially the nasopharynx,
nasal cavities and facial sinuses [3].

In France, between 310,000 and 360,000 employees
would be exposed to wood particles. They are the
second leading cause of work-related cancers, 45%
of nasal and sinus cancers of the face are attributed
to occupational exposure to wood particles[2].

In other countries, the prevalence of respiratory
symptoms among carpenters varies considerably. In
Thailand and Iran the prevalence of reported
respiratory symptoms ranges from 15.5% to 41% [1,
4]. Other studies in Poland and Denmark show no
effect on pulmonary function [5, 6].

A study in Benin showed a higher prevalence of
respiratory symptoms among carpenters (3.1% to
51.8%) compared to controls (0% to 8.3%)[7].In
Nigeria, the prevalence of reported respiratory
symptoms in wood sawmills varied depending on
the symptoms: 5.3% and 50.2% for chest pain and
microporosity production, respectively [8].

In Senegal, a study conducted in the Dakar region of
133 cabinetmakers and carpenters found
high prevalences of respiratory symptoms and
alteration in ventilatory function parameters. The
dominant respiratory symptoms were nose irritation
(84.38%), sneezing (84.38%) and coughing
(72.18%). Subjects with ventilatory disorders were
36.17% [9].

Despite the potentially dangerous nature of
occupational exposure to wood particles, there is a
significant lack of knowledge and prevention of
occupational risks factors in Senegal, hence the
importance of this study in wood particles exposure
in carpentry shops. To date, there is no study
published in Senegal to identify the factors

associated with respiratory diseases, the level and
duration of particle exposure in carpenters.
Therefore, this study aims to examine the effects and
risk factors associated with the exposure to wood
particles on respiratory function in informal
carpenters in Senegal.

In the absence of national regulations on exposure to
wood particles, data analysis was based on the
European standard (Decree 2003-1254), which sets
an Occupational Exposure Limit (OEL) of 1 mg/m?
over an 8-hour reference period[10].

Methods

Study setting

The study was conducted in the administrative
districts of Rufisque and Guediawaye, both in the
Dakar Region. The region comprises a total of four
administrative  districts: Dakar, Guédiawaye,
Rufisque, and Pikine. Rufisque, located to the west
of Dakar, includes three borough municipalities and
has a population of about 616,006 people across 372
km?, with a density of 1,656 inhabitants per km?.
Guediawaye, located in the north of the Dakar
Region, consists of four borough municipalities and
has approximately 413,844 inhabitants over 13 km?,
with a density of 31,834 inhabitants per km?.
Carpentry activities in the informal sector are
particularly dense in the above-described districts,
with a variety of operations on wood, including
sanding, cutting, and milling. The latter are carried
out in artisanal shops that can be found both inside
homes and close to the streets, and can be open or
closed. Closed carpentry shops are found in most
homes with a limited ventilation system. The open
carpentry shops are in the open air, most of which
are close to the streets.

Design of the study and population

This is a cross-sectional analytical study that took
place from August 2™ to November 30™ 2021. The
study population consisted of workers employed in
carpentry shops.

Sample size estimation

The minimum sample size was estimated using
Schwartz’s formula for proportions with a design
effect [11]:



ex (szz Xp(l—p))
a2

Using Za/2 = 196 (95% CI), p = 36.17%
(prevalence of respiratory disorders in Dakar)[9],
precision d = 9.5%, and a design effect of 2, we
obtained n = 196.54. After adding 10% for non-
response, the target sample size was 217 workers.

n =

Selection of participants

Among the four administrative districts of the Dakar
region,55 carpentry shops were selected in Rufisque
and Guediawaye . Twenty-one carpentry shops in
Rufisque and 21 in Guediawaye responded
positively to our survey, resulting in a sample of 42
carpentry shops with a total workforce of 200
carpenters. All workers, employed continuously in a
carpenter shop for at least one year in the said
Rufisque and Guediawaye districts, were taken into
account in the study. Workers with a history of
chronic respiratory illness outside of work or those
absent during the study period were not included to
avoid biases, ensure valid results, and prevent
misinterpretation of the findings.

A four-stage random sampling was used with at the:
(i) 1** stage, a random draw without replacement of
two districts out of four districts in the Dakar region,
(i) 2™ stage, a random draw without replacement of
four municipalities in each district, (iii) 3" stage, a
random draw without replacement of (05) carpentry
shops in each of the selected municipalities from a
list of carpentry shops registered in each municipal
office, (iv) 4™stage, a random draw without
replacement of five eligible employees in each
carpentry shop. Forty-two measurements were
taken and analysed. The final study sample consisted
of 42 carpentry shops with a total of 200 employees.
Six workshops were randomly selected, three from
each district, to compare the OEL (Occupational
Exposure Limit) with the average concentrations of
inhalable and respirable dust in closed and open
carpentry shops.

Data collection

We administered a standardised questionnaire from
the American Thoracic Society (Ferris 1978), adapted
for sawmill work to collect information on
sociodemographic, clinical symptoms and
associated risk factors. A hand-held device
(Aerocet®™’) was used to measure the
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concentrations of breathable (< 5 um) and inhalable
(> 5 um) particles in carpentry shops over eight
hours, corresponding to working hours. In each
carpentry shop, one measurement over a duration of
8 hours was taken to obtain the average of the
parameters.

Data measurement and analysis

The data were processed using Epi-info and
Excel®” software. We conducted a data analysis that
included both a descriptive and analytical
component. A descriptive analysis of the data from
the questionnaire was conducted to determine the
characteristics of the study population. The duration
of exposure is considered a categorical variable,
distinguishing individuals with less than 10 years of
exposure from those with 10 years or more. The
categorical variables were expressed in numbers or
percentages, and the quantitative variables were
expressed as means with their standard deviation or
in medians with their interquartile interval. The
study analytical component was based on a multiple
linear regression modelling to determine the
associations between the duration of exposure to
airborne wood particles and the prevalence of
respiratory disorders, taking into account potential
confounding factors such as smoking status and
carpentry shop type.

®7.2.4.0

Ethical considerations

The study was an observational, non-interventional
survey considered minimal risk. Approval for the
conduct and defense of the research was obtained
from the Faculty of Medicine, Cheikh Anta Diop
University in Dakar. The Ministry of the
Environment also approved the use of air pollution
measuring devices of the Air Quality Management
Center. Participation in this study was voluntary,
and only participants who gave informed and
voluntary oral consent were included.. The
interviews were conducted in a place where
confidentiality was ensured. Participants with
respiratory pathologies were referred to the
pneumology departments of Hopital Principal de
Dakar and Centre Hospitalier National Universitaire
Fann-Dakar for adequate medical follow-up.

Results




Sociodemographic characteristics, workplace conditions
and behavioural factors

Our sample consisted of 200 participants and all
were men. The mean age was 32.43 +12.50 years.
The median years at work was 13.5 (IQR: 5-23)with
extremes ranging froml to 47 years. The majority
(75%) of workers had professional seniority under 23
years, had primary education (51.5%) and 32.5% did
not attend school. The proportion of smokers was
9% (Table 1).

Concentration levels and trends of inhalable and
breathable wood particles

The mean inhalable and respirable particle
concentrations of the 42 carpentry shops were found
to be 2.37 #2.1 mg/m’and 0.44 +0.28 mg/m’,
respectively.

Daily mean concentrations of wood particles

Daily mean concentrations of inhalable and
breathable particles were found to be higher in closed
carpentry shops than open ones. Inhalable particle
concentrations (> 5 um) exceeded the daily
occupational exposure limit value 1 mg/m® for a
reference period of 8 hours, whether in a closed or
open environment.

Daily trends of wood particles in closed and open
carpentry shops

The maximum daily concentrations in open
carpentry shops were observed during working hours
(over an 8-hour period), and the highest
concentrations were observed from 9am to 1pm with
peaks of up to 7.3 mg/m’. These high particle
emissions tend to dissipate during rest hours with air
circulation contributing to the environment
ventilation. Exceedances of the daily limit
1 mg/m? over 8 hours were observed for inhalable
particle (> 5 um) (Figure 1).

The maximum concentrations over 8 hours in closed
carpentry shops, respectively for breathable and
inhalable particles, 2.14 and 15.36 mg/m?, exceeded
the 1 mg/m? limit set by the European standard
(Decree 2003-1254). These peak concentrations were
observed during activity hours with low dispersal of
wood particles due to the confined environment
(Figure 2).

Respiratory health status of workers
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Prevalence of vrespiratory symptoms: The results
revealed that chronic coughs (43.00%), sputum
(48.50%), fevers and chills (37.00%) and shortness of
breath (36.00%) were the dominant respiratory
symptoms. Whistling was the least common
symptom in our subjects, with 15.00% of
respondents.

Prevalence of respiratory diseases: Chronic bronchitis
(20.50%) and rhinitis (10.50 %) were more common
among those surveyed. Alveolitis, tuberculosis and
asthma were the least common diseases (Table 2).

Prevalence of respiratory disorders: Out of the 200
participants, 77 had a respiratory disorder (either
respiratory symptoms or respiratory disease), giving
a prevalence of 38.5%.

Factors associated with respiratory disorders

After adjustment, the results indicate that prolonged
exposure of 10 years or more to high levels of wood
particles increases the risk of respiratory diseases (p=
0.0022, OR = 2.74, CI 95 % [1.43-5.22],), unlike
smoking status and carpentry shop type. Indeed,
workers with a longer duration of exposure had 2.74
times more risk of developing a respiratory disorder
(Table 3).

Discussion

The average age of the carpenters (32.43 + 1.19
years) and their median work experience (13.5 years,
IQR: 5-23) indicate a young population but one that
has already been exposed to wood particles for a long
time, which could increase the risk of respiratory
diseases. The low level of education (51.5% having
not completed beyond primary school) may limit the
adoption of preventive measures [12]. Finally,
although the proportion of smokers is low (9%),
smoking remains a potentially confounding factor to
be considered in the analysis of respiratory effects
related to occupational exposure. With regard to the
factors explaining respiratory diseases in the study,
only the duration of exposure was significantly
associated with respiratory diseases. Indeed, a long
exposure time increased the risk of respiratory
diseases among workers in carpentry shops.

Prevalence of respiratory symptoms



The prevalence of all respiratory symptoms seems to
be associated with exposure to wood particles.
Chronic cough (43.00%), sputum (48.50%) are very
common during work time, while shortness of breath
(36.00%) whistles (15.00%), fevers and chills
(37.00%) were also reported by participants. These
symptoms tend to improve during weekends and
leave periods. Other authors, such as K. HOSSEINI
et al. [13] and BISLIMOVSKA et al. [14] were able
to find a statistically significant association between
exposure and the occurrence of respiratory
symptoms.

The study also showed a higher prevalence of
chronic bronchitis (20.50%) and rhinitis (10.50 %)
compared to alveolitis, asthma and tuberculosis,
which were 4.00%, 4.00% and 1.00%
respectively. The very low percentage level of
tuberculosis does not appear to be related to
exposure to wood particles. The prevalence of
chronic bronchitis and rhinitis appears to vary
significantly with exposure to wood particles. In the
study conducted by HESSEL et al.[15] in Canada,
carpenters employed for more than 3 years had
significantly 2.14 times more bronchitis than others.
In addition, according to JACOBSEN et al.[16], the
cumulative incidence of chronic bronchitis was
found to be associated with initial exposure to wood
particles with a dose-response effect. However,
according to some authors, chronic bronchitis can
also be explained by smoking, whether in the present
or the past[17].

In the LARAQUI et al. study [18], the prevalences
of Rhinitis, asthma, and chronic bronchitis were
55.8%, 14.5% and 21.1% respectively with exposure
to wood particles. The high prevalence of chronic
symptoms and respiratory diseases found in our
study may also be due to longer exposure to wood
particles and a lack of training in occupational safety
and health.

Duration of exposure to wood particles and respiratory
diseases

The mean inhalable particle concentration in this
study was 2.37 #2.1 mg/m’®and the breathable
particle concentration was 0.44 +0.28 mg/m’. As
well as the daily maximum mean particle
concentrations were 3.88 mg/m? in closed carpentry
shops and 1.10 mg/m’in open carpentry shops.
Carpenters working in open shops were three times
less exposed than those working in poorly ventilated
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places, such as a close one. These values exceeded
the OEL (occupational exposure limit value of

1 mg/m>). These average concentrations
exceedances have been reported by other authors,
such as OSMAN & PALA

(2.04 mg/m?), [19], Tobin EA et al.
(1.39 mg/m’)[8], MAGAGNOTTI et al. (1.75
mg/m?*) [20] but slightly lower than those found in
closed carpentry shops. This can be explained, in
part, by the fact that these carpentry shops had no
ventilation system, and most of the workers were
illiterate and were therefore unaware of the potential
health effects of wood particles.

Exposure to wood particles causes both airway
obstruction and extrinsic allergic alveolitis due to
exposure to fungi and wood mould [21]. In the
study, the risk after taking into account confounding
factors (smoking and carpentry shop type), the odds
ratio of respiratory disorders associated with
duration of exposure to wood particles was positive
and significantly high. According to VEDAL et
al., the prevalence of these conditions increases with
the intensity of wood dust exposure and the duration
of exposure[22]. Therefore, the results of this study
can be considered independent of smoking and could
be attributed to exposure, although cause-and-effect
relationships cannot be established from cross-
sectional studies, such as this survey.

The use of the questionnaire has certain limitations,
particularly the risk of bias introduced by the
interviewer. To mitigate this, only interviewers with
prior experience were selected and all interviewers
were trained prior to data collection. The study
findings cannot be generalized to the Dakar Region
because they are non-representative of the region due
to a problem encountered during the collection with
the particle sampler, which led to a reduction in the
sample size. Other factors, such as mask type, wood
type, have not been included in this study, which
may affect the outcome of interest. Future studies are
recommended to be conducted on a larger scale and
to consider different types of wood and personal
protective equipment used, resources permitting.

Conclusion

The analysis of the data reveals an excessive dust
level during working hours, with OEL exceedances
more frequent in closed workshops than in open
workshops. Exposure to extremely high levels of



wood particles and its duration are associated with
the prevalence of respiratory disorders. This dual
qualification of both dose and duration of exposure
is essential for understanding the risks.

Chronic cough, sputum, shortness of breath,
bronchitis and rhinitis were the most common
respiratory disorders. Prevention and awareness-
raising could help to reduce exposure and prevent
respiratory diseases among carpenters.

‘What is already known about the topic

e The prevalence of respiratory disorders and
alterations in  ventilatory  function
parameters.

e There is an increase in the prevalence of the
condition with increasing levels of wood
particles and duration of exposure.

‘What this study adds

e The estimation of wood particle exposure
levels among carpenters in Senegal.

e Exposure to wood particles, regardless of
smoking status and type of workshop
(ventilated or poorly ventilated), constitutes
a significant risk to the respiratory health of
informal-sector carpenters in Senegal.
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Table 1: Description of sociodemographic characteristics, workplace conditions, and behavioral factors,

N=200

Variables Frequency Proportion (%)
Number of workers 200

Age (years)

<19 35 17.5
20-29 53 26.5
30-39 59 29.5
40-49 36 18.0
50-59 12 6.0
>60 5 2.5
Age mean * standard deviation 32.43 £ 12.50 years
Years of work (years)

<5 51 25.5
6-10 29 14.5
11-15 33 16.5
16-20 25 12.5
21-25 26 13.0
>26 36 18.0
Median years of work (Interquartile range) 13.5 (IQR: 5-23)
Marital status

Single 98 49.0
Married 95 47.5
Divorced 6 3.0
Widowed 1 0.5
Level of education

None 65 32.5
Primary 103 51.5
Secondary 30 15.0
Post-secondary 2 1.0
Exposure duration (years)

<10 76 38.0
>10 124 62.0
Smoking status

Smokers 18 9.0
Non-Smokers 182 91.0

9 | Page number not for citation purposes




Table 1: Description of sociodemographic characteristics, workplace conditions, and behavioral factors,
N=200

Variables Frequency Proportion (%)
Carpentry shop type

Closed 60 30.0

Open 140 70.0
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Table 2: Respiratory disorders among Carpenters (N=200)

Disorders Absolute frequency (n) [Relative frequency* (%) [95% CI
Symptoms

Chronic cough 86 43.00 36.04 - 50.17
Sputum 97 48.50 41.39 - 55.65
Fevers and chills 74 37.00 30.30 - 44.09
Shortness of breath |72 36.00 29.35-43.07
Whistling 30 15.00 10.35-20.72
Diseases

Rhinitis 21 10.50 6.62 - 15.60
Alveolite 8 4.00 1.74-17.73
Chronic bronchitis 41 20.50 15.13-26.77
Tuberculosis 2 1.00 0.12-3.57
Asthma 8 4.00 1.74-17.73

*The total percentage exceeds 100% because this was a multiple response question.

11 |Page number not for citation purposes




Table 3: Respiratory disorders and associated factors

Associated Had Respiratory |[No Respiratory | Adjusted 95% CI P-

factors Disorder Disorder OR value

Exposure duration

<10 years 19 57 Ref

>10 years 58 66 2.74 1.43- 0.0022
5.22

Smoking status

No 67 115 Ref

Yes 10 8 1.87 (5)?2;_ 0.2218

Carpentry shop type

Open 58 82 Ref

Closed 19 41 1.84 gzg_ 0.0734
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Figure 1: Evolution of wood particles in an open workshop for 8 hours
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Figure 2: Evolution of wood particles in a closed workshop over 8 hours
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