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ABSTRACT

Background: Epidemiological studies have reported associations between air pollution and
the risk of developing pulmonary diseases. Dakar, the capital of Senegal, is currently
experiencing rapid urbanization with the development of new infrastructures such as the toll
highway. The traffic on this road is heavy, which could be a significant source of air pollution.
Our study aimed to assess the ventilatory function of toll highway workers in Dakar
(EIFFAGE agents) exposed to traffic-related air pollution.

Methods: The study was conducted between March 2018 and October 2020 on a cohort of 122
toll highway workers in the Dakar region. Data were collected on work duration, lifestyle, and
anthropometric parameters (age, body mass index: BMI). Ventilatory function was assessed
using a spirometer (Spirobank I). The level of air pollution in the study area was assessed.
Results: The agents worked 48 hours per week, with shifts of 8 hours per day. None of the
participants had a known history of respiratory disease. Spirometric evaluation showed that
14% of participants had ventilatory disorders: 3% had asthma, 7% had chronic obstructive
pulmonary disease (COPD), and 4% had probable isolated pulmonary restriction. The risk of
developing asthma or restrictive lung disease was not statistically significant in smokers
compared to non-smokers. However, smoking appeared to significantly increase the risk of
developing COPD [p = 0.0002; OR (95% CIl): 5.79 (2.28-14.07)]. Moreover, the study area is
highly polluted (with monthly concentrations 180 to 220 ug/m? and 60 to 120 pg/m?3 for PM10
and PM2.5, respectively).

Conclusion: The road traffic on the Dakar toll highway is a significant source of air pollution
to which agents may be exposed. This exposure could trigger or worsen ventilatory disorders
such as asthma or COPD. Preventive measures are essential to mitigate the harmful effects of
automobile-related air pollution.
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Ventilatory Function and Traffic-Related Air Pollution in Dakar

1. Introduction

Air pollution represents a major global public health
issue, responsible for over 6.8 million deaths annually,
accounting for more than half of all deaths worldwide
(WHO, 2016; Jun et al., 2023; GBD 2023 Risk Factors
Collaborators, 2024). Exposure to both outdoor and
indoor air pollution is linked to an increased risk of
chronic respiratory diseases such as asthma and chronic
obstructive  pulmonary  disease = (COPD) and
cardiovascular diseases (WHO, 2016; Jun et al., 2023;
Liu et al., 2023).

Sub-Saharan Africa is particularly affected by this
problem (WHO, 2016; WHO, 2021a; Amegah et al.,
2022). In this region, air pollution comes from multiple
sources, often linked to human activities and specific
environmental factors. The burning of wood, charcoal,
and agricultural residues for cooking and heating is the
primary source of both indoor and outdoor pollution in
both rural and urban areas across the African continent
(WHO, 2021b; Adesina et al., 2022). Additionally, in
low-income countries, the lack of organized waste
management systems often leads to open-air burning,
releasing fine particles and toxic gases that degrade air
quality (WHO, 2021a; Ezeh et al., 2023).

Air pollution in urban environments constitutes a major
environmental challenge with profound implications for
public health, particularly in rapidly urbanizing
countries. Among the various sources of pollution, the
transportation sector plays a significant role (Lattre-
Gasquet et al., 2021; Diokhane et al., 2022). Several
studies have reported that traffic-related air pollution
(TRAP) is the largest contributor to urban air pollution,
accounting for approximately 20-30% of global
pollutant emissions (Erin et al., 2022; Boogaard et al.,
2022; Gao et al., 2024). Recent investigations further
indicate that the transportation sector is a primary
source of fine particulate matter (PM) emissions in
urban areas (Sun et al., 2023).

Chronic exposure to traffic-related air pollution
(TRAP) is widely recognized as a major factor
contributing to health deterioration, particularly due to
its deleterious effects on the cardiovascular and
respiratory systems (WHO, 2016; Erin et al., 2022; Jun
et al., 2023; Mendy et al., 2023). These health impacts
are largely attributed to the chronic inhalation of
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elevated concentrations of pollutants such as PM near
high-traffic roadways (Erin et al., 2022; Martinez-
Hernandez et al., 2023). In this context, examining the
relationship between vehicle emissions and respiratory
diseases in urban settings is essential to inform public
policies aimed at improving air quality and protecting
population health (Smith et al., 2024).

In Africa, outdoor air pollution is further aggravated by
the condition of vehicle fleets. The widespread use of
imported, poorly maintained second-hand vehicles
significantly contributes to high emissions of fine
particles and nitrogen oxides (NOx) (Ndiaye et al.,

2023). Additionally, rapid and often unplanned
urbanization  exacerbates air  quality  issues.
Uncontrolled  urban  expansion,  without the

development of appropriate infrastructure, intensifies
air atmospheric pollution levels (Lattre-Gasquet et al.,
2021; UN-Habitat, 2022). In West Africa, for example,
the urban population increased from 33% in 2008 to
42.5% in recent years (Lattre-Gasquet et al., 2021).

In Senegal, outdoor air pollution is particularly
concerning in Dakar, where the vehicle fleet
predominantly consists of older, poorly maintained
vehicles equipped with outdated combustion systems,
contributing substantially to air quality degradation
(Mbow-Diokhane et al., 2022; Ba et al., 2024).
However, efforts to improve road infrastructure have
been initiated. Since 2009, toll highways have been
constructed in partnership with the French company
Eiffage, with commercial operations starting in 2010.
These highways are heavily trafficked daily by
thousands of wvehicles, including trucks, taxis, and
minibuses powered by diesel or gasoline.

This high traffic density on the Dakar toll highway
particularly exposes toll booth workers to increased
levels of air pollution. In this context, we conducted a
study aimed at evaluating the ventilatory function of
Eiffage employees working along the highway, who are
chronically exposed to traffic-related air pollution.

2. Materials and Methods

2.1.Protocol and Participants
This descriptive and analytical study was conducted
from March 2018 to October 2020 in Dakar, Senegal. It
focused on toll booth personnel employed by the
Eiffage company highway in the Dakar region,
specifically in Thiaroye and Rufisque. The study area is
a recently urbanized zone, established in 2010 by the
Senegalese government as part of a strategic initiative
to enhance urban mobility in Dakar. This area is
intersected by the capital’s only toll highway, which
serves as the primary arterial route for outbound traffic
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from Dakar. The highway experiences a high volume of
vehicular flow on a daily basis, including private
automobiles, freight trucks, and public transportation
vehicles.

Furthermore, the area is characterized by its non-
industrial setting and relatively low population density,
which limits the influence of other major anthropogenic
pollution sources. Out of a total workforce of 150
employees at the Dakar toll highway operating
company (Eiffage), 122 participants were successfully
recruited for the study. To be eligible for inclusion,
participants had to be over 18 years old and have
worked for Eiffage for at least one year, with a
minimum of five working days per week and eight
working hours per day. Each participant was scheduled
for a morning session to undergo physical examination
and respiratory assessments. |Initially, a structured
interview was conducted to collect data on
demographic characteristics, duration of employment in
toll booth operations, the extent of exposure to traffic-
related air pollution, a history of pre-existing
respiratory conditions (such as asthma or chronic
obstructive pulmonary disease [COPD]), and smoking
habits. Following this, a comprehensive physical
examination focusing on the respiratory and
cardiovascular systems was performed. Body weight
and height were measured, and body mass index (BMI)
was calculated using the Quetelet formula: BMI
(kg/m?) = Weight (kg) / Height? (m?).

After  the clinical assessment, spirometric
measurements were performed in a controlled
environment with an ambient temperature ranging from
27°C to 33°C and humidity levels between 65% and
75%. Participants were seated, and mouth breathing
was performed while the nostrils were occluded with a
nose clip. Spirometry was conducted using the
Spirobank Il Basic MIR device (Medical International
Research, Rome, Italy), connected to a turbine and
mouthpiece, with data displayed on a DELL Latitude
E240 laptop. The following pulmonary function
parameters were measured: Forced Vital Capacity
(FVQ), Inspiratory Capacity (IC), Forced Expiratory
Volume in 1 second (FEV1), and maximum expiratory
flow rates at 75% (FEFs%), 50% (FEFso%), and 25%
(FEF25%) of FVC. These measurements were recorded
both pre- and post-bronchodilator administration.
Spirometric variation rates were calculated to assess the
presence of ventilatory disorders. Bronchodilator
reversibility was evaluated by spirometry performed 15
minutes after inhalation of 4 puffs of a 32-agonist, such
as salbutamol (100 pg).

All subjects included in the study signed an informed
consent form before inclusion. The study protocol was
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approved by the relevant ethics committee of Cheikh
Anta DIOP University (0023/2018/CER/UCAD).

2.2.Data Processing and Analysis
2.2.1. Data Processing

The diagnosis of ventilatory disorders, including
bronchial obstruction, pulmonary restriction, or mixed
patterns, was based on established criteria from the
Global Initiative for Asthma (GINA, 2016). Bronchial
obstruction was defined as a Tiffeneau index
(FEVL/FVC) of less than 80%, accompanied by a
reduction of over 20% in the maximum expiratory flow
rates (FEF25%, FEF25-7500, FEFs500%, and FEF75%).
Pulmonary restriction was suspected when spirometry
revealed a high FEVI/FVC ratio (>90-95%) and a
reduction of over 20% in FVC from the predicted
value, in combination with a significant decrease
(<80% of predicted value) in inspiratory capacity.
Asthma was diagnosed based on a reduction of more
than 20% in bronchial flow rates compared to reference
values, with an improvement of more than 20%
following bronchodilator administration. For FEV1, an
increase of more than 12% or 200 mL was required
(GINA, 2018). Chronic obstructive pulmonary disease
(COPD) was diagnosed if the post-bronchodilator
FEV1/FVC ratio was <70%, with no significant
improvement or incomplete reversibility in bronchial
flow rates (GOLD, 2018). Moreover, ambient air
pollution levels in the study area were continuously
monitored throughout the study period (2018-2020) by
the Dakar Air Quality Management Center (Centre de
Gestion de la Quoalité de I’Air : CGQA). Data were
collected from one of the fixed air quality monitoring
stations located in close proximity to the toll highway,
specifically within the Pikine-Rufisque corridor, and
managed by the CGQA. This strategic placement
enables reliable and accurate assessment of traffic-
related pollutant emissions within the study area.

2.2.2. Statistical Data Analysis

Qualitative variables were expressed as proportions,
while quantitative variables were presented as means
with standard deviations. A statistical analysis was
conducted to assess the association between the
presence of ventilatory disorders (asthma, pulmonary
restriction, and COPD) as the dependent variable and
independent  variables, such as demographic
characteristics (e.g., sex, weight, height), as well as
smoking status, using Fisher’s exact test. The odds ratio
(OR) with a 95% confidence interval (Cl) was
computed to assess the risk of developing ventilatory
disorders between smokers and non-smokers.

Data were analyzed using GraphPad Prism 6 software,
with Pearson’s correlation test to examine relationships
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between continuous variables, and p-values to
determine the statistical significance of results. A
significance level was set at p < 0.05.

3. Results

3.1. Population Characteristics
The mean age of the population was 35.73 + 7.08 years,
ranging from 22 to 59 years. The average body mass
index (BMI) was 23.46 + 3.73 kg/mz2. At the time of the
study, 9% of the participants were active smokers
(Table 1). On average, participants worked
approximately 48 hours per week (8 hours/day).

3.2.Spirometry results
Spirometry data revealed that 14% of our study
population had ventilatory disorders, including 7.38%
with COPD, 4.10% with isolated pulmonary restriction,
and 2.46% diagnosed with asthma (Table 2).

3.2.1. Relationship between Ventilatory
Disorders and Smoking

The risk of ventilatory disorders was not statistically
significant among smokers compared to non-smokers
[p = 0.0734; OR: 2.048; 95% CI: 0.992-4.224] (Table
3). No statistically significant association was found
when comparing the occurrence of asthma [p = 0.246;
OR: 0.138; 95% CI: 0.007-2.72] or restrictive
ventilatory disorders [p = 0.059; OR: 0.086; 95% ClI.
0.004-1.585]. However, the risk of chronic obstructive
pulmonary disease (COPD) was significantly higher in
smokers compared to non-smokers [p = 0.0002; OR:
5.79; 95% CI: 2.28-14.07]. Notably, odds ratios (ORS)
greater than 1 indicate that respiratory disorders were
more prevalent among smokers than non-smokers.
Table 3 showed that smoking did not influence the risk
of asthma occurrence, but it was associated with an
increased risk of chronic obstructive pulmonary disease
(COPD)

3.2.2. Relationship between BMI and

Ventilatory Disorders

The risk of wventilatory disorders was statistically
significant in individuals with a normal BMI compared
to those with a high BMI [p = 0.0249; OR: 3.209; 95%
Cl: 1.208-8.521]. However, no significant association
was found when comparing the occurrence of asthma

Table 1: General Characteristics of the Population

Variables Mean£SD  [Min - Max]
Sample size 122 -
Age (years) 35.73+£7.08 [22 - 59]
Weight (kg) 72.64£12.60 [46 - 105]
Height (cm) 176.32 £8.39  [157- 196]
BMI (kg/m?) 23.46 +3.73 [15.56 -31.70]
SAP (mmHg) 124 +£95 [104 - 135]
DAP (mmHg) 72+6.6 [65 - 83]
HR (bpm) 76 [68- 88]
RR (Cycle. mn 1) 13 12-15
Smokers (%) 9 -
Former smokers (%) 10 -
Non-smokers (%) 103 -
Workdays per week (days) 5.6 £0.40 [5-6]
Working hours per day (hours) 7.85+ 0.54 [7-9]

BMI: body mass index; SAP: Systolic arterial pressure;
DAP: Diastolic arterial pressure; HR: heart rate; RR:
respiratory rate.

Table 2: Ventilatory Function Test Results

Parameter  Sample size (n) Percentage (%0)
Asthma 3 2.46
COPD 9 7.38
Isolated

restrictive 5 4.10
disorder

Normal 105 86

Total 122 100

COPD: Chronic obstructive pulmonary disease

Table 3: Associations between Ventilatory Disorders and Smoking

Smokin
Types of ventilatory disorders Yes (%) . No (%) P-value OR [35%Cl]

Ventilatory disorder Yes (%) 25 14.14

No (%) 3 85.86 0.0734 2.04 (0.99-4.22)

Asthma Yes (%) 0 3.03 0.246 0.13 (0.01-2.72)
No (%) 100 96.97

COPD Yes (%) 27.27 6.06 0.0002 5.79 (2.28-14.07)
No (%) 72.73 93.94

Pulmonary Restriction disorder Yes (%) 0 5.05 0.0594 0.08 (0.004-1.6)
No (%) 100 97.95

COPD: chronic obstructive pulmonary disease; OR: odd ratio
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Table 4: Association between BMI (obesity) and Ventilatory Disorders

Obesity (BMI > 25 kg/m2
Types of ventilatory disorders z((es (%) gNo ()%) P-value OR [C195%]
Ventilatory disorder Yes (%) 17 6
No (%) 83 92 0.0249 3.209 (1.21-8.52)
Asthma Yes (%) 3.4 0 0.246 7.215(9.37-14.16)
No (%) 96.6 100
COPD Yes (%) 9.09 2.94 0.133 3.198 (0.83- 12.19)
No (%) 90.91 97.06
Pulmonary Restriction disorder Yes (%) 4,54 2.94 0.0594 1.720 (0.39-7.32)
No (%) | 95.46 97.06

COPD: chronic obstructive pulmonary disease; BMI: body mass index; OR: odd ratio

[p = 0.2462; OR: 7.121; 95% CI: 9.367-141.6], COPD
[p = 0.1338; OR: 3.198; 95% CI: 0.839-12.19], or
restrictive ventilatory disorders [p = 0.7209; OR: 1.702;
95% CI: 0.395-7.323] between the normal and high
BMI groups. Table 4 indicated that a high body mass
index (BMI) was a risk factor for ventilatory disorders
in our study population, with a marked tendency toward
the occurrence of restrictive ventilatory patterns.

3.3. Air Pollution Levels in the Study Area

The assessment of air pollution in the Thiaroye and
Rufisque toll booth areas revealed that it was a highly
polluted zone. Monthly average concentrations of PMy
exceeded the World Health Organization (WHO)
guideline value (20 pg/m3 annual average) almost
throughout the year, as well as the national standard
(NS-05-062) of 80 pg/m3® for the annual average.
Similarly, PMgzs concentrations were elevated
compared to the WHO guideline (10 pg/md) and the
Senegalese standard (25 pg/m3) in 2019. Monthly PMsg
concentrations ranged from 180 to 220 pg/m3, while
PM2s concentrations ranged from 60 to 120 pg/m? in
these areas (CGQA, 2019).
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Figure.1: Concentrations of fine particulate matter (PM) in
the study area and those of WHO and Senegalese standards.
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4. Discussion

Our study revealed a high prevalence of ventilatory
disorders among the population under investigation,
suggesting a potential association with atmospheric air
pollution originating from the toll highway in this
locality of Dakar. This pollution is primarily
attributable to road traffic. Importantly, ventilatory
disorders were also observed among non-smokers,
thereby supporting the hypothesis of an environmental
etiology. In the study area (Thiaroye and Rufisque),
PMioc and PM-2.s concentrations recorded in 2019
markedly exceeded both World Health Organization
(WHO) guidelines and national regulatory thresholds.
Annual PMz.s levels ranged between 60 and 120 pg/m?,
considerably surpassing the WHO recommended limit
of 10 pg/mé. These elevated levels are predominantly
attributed to vehicular emissions (CGQA, 2019).

Although other potential sources of exposure were not
assessed in this study, the population’s substantial and
chronic exposure, estimated at approximately 8 hours
per day over an average of 5.6 working days per week,
strongly suggests that road traffic-related pollution
constitutes the primary source of exposure for highway
staff. Prolonged exposure in this context may thus
contribute significantly to respiratory morbidity among
tollbooth workers, irrespective of their smoking status.
Our results indicate that while chronic obstructive
pulmonary disease (COPD) was significantly more
prevalent among smokers [p = 0.0002; OR (95% CI):
5.79; 95% CI: 2.28-14.07], other respiratory conditions
such as asthma [P < 0.246; OR (95% ClI): 0.007-2.72]
and isolated restrictive ventilatory disorders [P = 0.059;
OR 95% CI: 0.004-1.585] were more frequently
observed among non-smokers. These findings support
the hypothesis that air pollution, particularly from
automobile emissions, may contribute to the
development of ventilatory impairment even in
individuals without a history of tobacco use.
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The risk of developing these pulmonary ventilation
disorders appears directly related to exposure to
automobile-generated air pollution in Thiaroye and
Rufisque, where workers are exposed on average 8
hours per day, 5 days per week. These findings are
consistent with previous literature. For instance, Zhang
et al. (2022) highlighted the detrimental impact of
ambient air pollution on respiratory health, identifying
it as a major risk factor for both asthma and COPD (Liu
C. et al, 2020; Liu Y. et al, 2022). Multiple
epidemiological studies (Rivas et al., 2020; Guerreiro
et al., 2020; Shi et al., 2021) have demonstrated
significant associations between exposure to traffic-
derived pollutants including NO2, PMio, and PM2.s and
increased incidence of ventilatory alterations such as
obstructive bronchitis and restrictive lung diseases. For
example, lbrahim et al. (2020) reported a higher
frequency of asthma exacerbations in high-traffic areas
(vehicle flow >15,000/day) where NO2 concentrations
were elevated.

More recently, Chen et al. (2023) and Zhao et al.
(2024) further confirmed the association between
chronic PMz.s exposure and reduced lung function in
urban populations, particularly among occupationally
exposed groups. A systematic review by Oliveira et al.
(2023) also emphasized that even short-term exposure
to traffic-related air pollutants can exacerbate pre-
existing respiratory conditions and increase hospital
admissions. These newer studies reinforce our
hypothesis that chronic exposure in the Dakar area
could be driving the observed respiratory burden.

Atmospheric pollution is generally recognized as a
triggering or aggravating factor for ventilatory diseases
such as asthma and COPD. However, smoking remains
the most well-established risk factor for COPD, as
reaffirmed in our study (Ben Saad et al., 2021; Sakla et
al., 2020). Additionally, obesity emerged as a relevant
risk factor. In our study population, the mean body
mass index (BMI) was 23.46 + 3.73 kg/m?, ranging
from 15.56 (underweight) to 31.70 kg/m? (moderate
obesity). Several authors have extensively described
excess body weight as a risk factor for the occurrence
of ventilatory mechanics impairments (Kacmarek et al.,
2021).

Although the mechanistic pathways linking poor air
quality to ventilatory dysfunction were not explored in
the present study, the hypothesis of an association with
obesity is biologically plausible. Our data suggest that
elevated BMI is an independent risk factor for
ventilatory disorders. Moreover, several studies have
demonstrated that chronic exposure to airborne
pollutants, particularly fine particulate matter (PMio
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and PM..s), may increase the risk of obesity (Xiang et
al., 2021; Luo et al., 2024) and subsequently impair
ventilatory mechanics (Kacmarek et al., 2021). A
recent study by Martinez-Hernandez et al. (2023)
explored the metabolic effects of PMz.s exposure and
showed strong links with dysregulated adipokine
profiles, supporting a role for pollution-induced
metabolic dysfunction.

This obesity-mediated pathway does not exclude the
possibility of direct toxic effects on the lung
parenchyma by inhaled pollutants. There is substantial
evidence indicating that inhaled particulate matter can
penetrate into the distal airways and alveolar spaces,
triggering a cascade of biological responses (Ghosh et
al., 2023). These include chronic inflammation,
oxidative stress, structural remodelling of the airway
wall, and dysregulation of immune responses, all of
which are recognized contributors to the pathogenesis
of ventilatory dysfunction (Ghosh et al., 2023).

Our study, one of the first to explore the links between
traffic-related air pollution, obesity, and ventilatory
function in Senegal, highlights the need for larger-scale
longitudinal studies to better understand the complex
interactions between traffic-related air pollution,
smoking, obesity, and respiratory health. However, our
study has several important limitations. The absence of
a control group represents a methodological
shortcoming, as comparing exposed and unexposed
individuals would have allowed for a more accurate
assessment of the risk of developing ventilatory
disorders. Additionally, the small sample size
constitutes another limitation, as a larger cohort might
have provided a more reliable estimation of the
prevalence of ventilatory disorders, which may in fact
be higher within this population. Thus, future research
should rely on robust methodologies to control for
potential confounding variables and to rigorously
assess the long-term effects of chronic exposure to air
pollution. As emphasized by Borges et al. (2020),
innovative approaches are essential to accurately
quantify exposure levels and associated health risks in
urban environments heavily impacted by road traffic
(Després C. et al., 2020; Mégarbané A. et al., 2020).
Recent advancements in personal exposure monitoring
and remote sensing technologies (e.g., Zhang et al.,
2023; Kim et al., 2024) offer promising tools to
strengthen exposure assessment in epidemiological
research on air pollution and respiratory health.

5. Conclusion:
Intense road traffic on the Dakar toll highway may
expose EIFFAGE workers to high levels of
atmospheric pollutants. This exposure appears to
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be associated with a non-negligible prevalence of
ventilatory disorders, mainly COPD and asthma.
Smoking represents a major aggravating factor for
COPD, highlighting the need for strengthened
preventive measures, protective strategies, and
regular medical surveillance, as well as
longitudinal studies to confirm these findings

6. Acknowledgements

We thank the Eiffage Company and the staff of the
Dakar highway who voluntarily agreed to participate in
the study, as well as the Dakar Air Quality
Management Center for providing us with all the
atmospheric pollution data. Our sincere gratitude also
goes to the technicians of the Laboratory of Physiology
and Functional Explorations for conducting the
ventilatory function measurements.

REFERENCES

Adesina JA, Nduka JKC, Adeleye AO, Ogunbode EB.
(2022). Solid fuel use and respiratory health in sub-
Saharan Africa: a systematic review and meta-
analysis. Environ Res. 204(Pt B):112001.

Amegah AK, Agyei-Mensah S, Quansah R. (2022).
Household air pollution in sub-Saharan Africa: a
review of the literature on exposure levels, health
effects and intervention strategies. J Environ Sci
Health C.40(1):1-26.

Ba K, Diop S, Mbaye D. (2024). Atmospheric pollution
and motorized transport in Dakar: Recent trends
and risks. J Environ Manag Afr. 16(1):52-65.

Ben Saad H, Ben Cheikh S, Bougmiza I, et al. (2021).
Prevalence and risk factors of COPD in Tunisia:
results from the BREATHE study. Int J Chron
Obstruct Pulmon Dis. 16:1031-9.

Boogaard H, Janssen NAH, Fischer PH, van Erp AM.
(2022). Long-term exposure to traffic-related air
pollution and mortality. Int J Public Health.
67:1604265.

Borges CA, Silva AM, de Souza MR, et al. (2020)
Innovative approaches for air pollution exposure
assessment in urban environments. Sci Total
Environ. 703:134744.

Centre de Gestion de la Qualité de I'Air (CGQA)
(2019). Rapport annuel sur la qualité de l'air a
Dakar. Dakar. CGQA.

Chen H, Burnett RT, Kwong JC, et al. (2023). Risk of
incident diabetes in relation to long-term exposure
to fine particulate matter in Ontario, Canada.
Environ Health Perspect. 131(3):037001.

Després C, Beauchamp M, Lebel A, et al. (2020).
Integrating health and urban planning: a review of
the literature. Cities Health. 4(1):1-14.

7 J. Afr. Ass. Physiol. Sci. 13 (2): December, 2025

Diokhane A, Ndiaye S, Sow A. (2022). Urban traffic
and air quality degradation in Dakar, Senegal. Int J
Environ Stud.79(2):285-298.

Erin H, Moorthy A, Kim H, Kweon J. (2022). Global
assessment of traffic-related air pollution (TRAP)
and health risks. Environ Int.165:107312.

Ezeh GC, Olamijulo J, Adebayo O, Oyebanji BO.
(2023). Open burning and air pollution in West
Africa: a critical public health challenge. Sci Total
Environ. 860:160398.

Gao Y, Xu Y, Huang T, Wang X. (2024). The
contribution of transportation emissions to urban
air pollution: a global analysis. Sci Total Environ.
896:165350.

GBD 2023 Risk Factors Collaborators. (2024). Global
burden of 87 risk factors in 204 countries and
territories, 1990-2023: a systematic analysis.
Lancet. 403(10325):1002—-1055.

Ghosh R, Lurmann F, Perez L, et al. (2023). Air
pollution and lung function in children in Southern
California: a longitudinal study. Am J Respir Crit
Care Med. 207(1):123-31.

Guerreiro C, Gonzalez Ortiz A, de Leeuw F, et al.
(2020). Air quality in Europe—2020 report.
European Environment Agency.

Ibrahim M, Garcia E, Ramirez J, et al. (2020). Traffic-
related air pollution and asthma exacerbations in
children: a meta-analysis. Environ  Res.
183:109235.

Jun Y, Jiang R, Sun Y, Wang X, Chen Y. (2023).
Global burden and health effects of air pollution:
progress and perspectives. Lancet Planet Health.
7(2): e105-e115.

Kacmarek RM, Stoller JK, Heuer AJ. (2021). Egan's
Fundamentals of Respiratory Care. 11th ed. St
Louis: Elsevier.

Kim H, Lee J, Park S, et al. (2024). Remote sensing
technologies for air quality monitoring: current
status and future prospects. Atmosphere 15(2):123.

Lattre-Gasquet M, Diallo AO, Ndiaye M, Sow A.
(2021). Urbanization and air pollution in West
Africa: dynamics, impacts and prospects. Afr J
Environ Sci Technol. 15(3):79-89.

Liu C, Chen R, Sera F, et al. (2020). Ambient
particulate air pollution and daily mortality in 652
cities. N Engl J Med. 381(8):705-15.

Liu Y, Pan J, Zhang H, et al. (2022). Short-term
exposure to ambient air pollution and asthma
mortality. Am J Respir Crit Care Med. 205(7):812—
9.

Liu Y, Wang R, Zhang Y, Zhao J. (2023). Air pollution
and noncommunicable diseases: recent advances in
epidemiological studies. Environ Health. 22(1):41.

Luo Y, Zhang Y, Liu T, et al. (2024). Association
between ambient PM2.5 exposure and obesity in

Diaw et al



Ventilatory Function and Traffic-Related Air Pollution in Dakar

Chinese adults: a cross-sectional study. Environ
Res. ;221:115092.

Martinez-Hernandez A, Rivas |, Viana M. (2023).
Health impacts of exposure to traffic-related air
pollution near schools. Sci Total Environ.
870:161939.

Martinez-Hernandez A, Pérez-Padilla R, Hernandez-
Zenteno R, et al. (2023). PM2.5 exposure and
adipokine levels in urban populations: implications
for metabolic health. Environ Health. 22(1): 45.

Mbow-Diokhane A, Sow A, Diouf S, Cisse D. (2022).
Air quality and public health in Dakar: insights
from PM and NOx measurements. Sci Afr.
15:e01042.

Mégarbané A, Deye N, Pirracchio R, et al. (2020).
Strategies for air pollution exposure assessment in
epidemiological studies. Environ Int. 135:105345.

Mendy A, Salo PM, Wilkerson J, Zeldin DC. (2023).
Traffic-related air pollution and lung function in
U.S. adults. Environ Res. 2023;221:115222.

Ndiaye T, Faye M, Ba K, Diop A. (2023). Used vehicle
imports and air pollution in Senegal: challenges
and policy perspectives. Afr J Environ Policy.
29(2):133-145.

Oliveira M, Slezakova K, Delerue-Matos C, et al.
(2023). Impact of indoor air pollution on
respiratory diseases: a review. Rev Environ Health.
38(1):1-12.

Rivas I, Kumar P, Hagen-Zanker A. (2020). Exposure
to air pollutants during commuting in London: are
there inequalities among different socio-economic
groups? Environ Int. 134:105272.

Sakla FB, El-Kassas GM, EI-Sherbiny M, et al.( 2020).
Smoking and COPD: a cross-sectional study in
Egypt. Egypt J Chest Dis Tuberc. 69(2):123-9.

Shi L, Zanobetti A, Kloog I, et al. (2021). Low-
concentration PM2.5 and mortality: estimating
acute and chronic effects in a population-based
study. Environ Health Perspect. 124(1):46-52.

Smith KR, Bell ML, Cohen AJ. (2024). Environmental
health and public policy: air quality improvements
for noncommunicable disease prevention. Lancet
Public Health. 9(1):e1—10.

Sun L, Wang Z, Li Y, Liu J. (2023). Temporal and
spatial trends of fine particulate matter from road
traffic: a global meta-analysis. J Clean Prod.
412:137383.

UN-Habitat. State of African Cities (2022):
Urbanization and Sustainable Development in
Africa. Nairobi: UN-Habitat.

World Health Organization. (2016). Ambient air
pollution: A global assessment of exposure and
burden of disease. Geneva: WHO

Xiang H, Miao Q, Wang X, et al. (2021). Long-term
exposure to ambient PM2.5 and obesity: a

8 J. Afr. Ass. Physiol. Sci. 13 (2): December, 2025

nationwide China.  Environ Int.
146:106290.

Zhang J, Wang Y, Li X, et al. (2023). Advances in
personal exposure monitoring of air pollutants: a
review. Environ Sci Technol. 57(4):1789-800.

Zhang Y, Li X, Wang Y, et al. (2022). Ambient air
pollution and respiratory health: a review of recent
studies. Environ Health Perspect. 130(5):056001.

Zhao Y, Wang S, Lang L, et al. (2024). Long-term
exposure to PM2.5 and lung function decline: a 12-

year cohort study in China. Thorax. 79(2):123-30.

study in

Diaw et al



