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Abstract

Background: Atmospheric heavy metal is a worldwide issue, involving factors
like atmospheric emissions, anthropogenic activities, air quality, human health
and climate change, but it also leads to a long-term burden on biogeochemical
cycling in the ecosystem. This pilot study aimed to evaluate the adverse health
effects of level heavy metal exposure in ambient air in Burkina Faso, West Af-
rica. Methods: A cross-sectional study was conducted from 4 June to 9 August
2024 at two major towns in Burkina Faso (Ouagadougou and Bobo-Dioulasso).
Chemical analyses of As, Pb, Cd, Ni, Cr, Hg and Cu in Particulate Matter (TSP,
PM,, and PM, ) and dust samples were performed by Perkin Elmer Optima
8000 DV, Inductively Coupled Plasma-Optical Emission Spectrophotometry
(ICP-OES) and quantified. Results: Survey data shows the proportion of the
incidence of risk factors and medical history. Heavy metals result in concen-
trations over a weekday showed concentrations < 0.003 pg-m~ in As, Cd and
Cu respectively at all the sites in Ouagadougou and Bobo-Dioulasso. Concen-
tration in city centres (Pb = 0.010, Ni = 0.010, Cr = 0.014 and Hg = 0.013 pg-m>
in Ouagadougou vs. Pb = 0.010, Ni = 0.009, Cr = 0.010 and Hg = 0.008 pg-m™’
in Bobo-Dioulasso). Pb = 0.018 pg:m~>, Ni=0.016 ug-m~>, Cr = 0.012 pg-m~>
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and Hg = 0.011 pg-m~ were recorded in the Ouagadougou industrial area. Con-
clusion: The atmospheric air is full of detectable concentrations of the heavy
metals common to Burkina Faso’s city centres, as well as in the industrial area.
As, Cd, Cu, Pb, Ni and Hg are the ones most strongly affected by anthropogenic
inputs such as airborne pollutants.

Keywords

Air Pollution, Health Effects, Heavy Metals, Particulate Matter, Concentrations

1. Introduction

Heavy metals are familiar environmental pollutants because of their toxicity, their
longevity in the atmosphere and their persistence to accumulate in the human body
through bioaccumulation. Heavy metals are found in the biosphere, including rocks,
soil, and water. They originate from a variety of sources, such as mining, industrial
effluents, urban runoff, sewage discharge, soil erosion, natural weathering of the
Earth’s crust, pesticides, disease control agents used on crops, metal pipes for wa-
ter, traffic, combustion by-products from coal-burning plants and many others [1].
Heavy metals can be highly toxic when they mix with other environmental elements,
such as water, soil and air. Humans and other organisms can be exposed to them
along the food chain [2] as a result of the rapid expansion of agriculture and the
metallurgical industry and inadequate waste disposal [3].

The term “heavy metal” refers to a metallic element that has a relatively high
density (>4 g/cm’® or 5 times greater than water) and is dangerous or poisonous
even at low concentrations [4]. The atmosphere is one of the major pathways of
heavy metal dispersion in the environment. The seasonal variation of the atmos-
pheric heavy metals changes significantly [5]. However, some studies indicated
that most heavy metals were enriched in fine particles [6] [7]. Heavy Metals (HMs:
such as lead (Pb), chromium (Cr), cadmium (Cd), cobalt (Co), manganese (Mn),
vanadium (V), nickel (Ni) and arsenic (As)) are toxic components in Particulate
Matter less than 2.5 microns in diameter (PM,;5) and are associated with many
adverse health outcomes [8] [9]. However, the concentration of metals was dom-
inated by the PM; s fraction [10]. Based on their origin, major and trace inorganic
elements composing particulate matter can often be distinguished in anthropo-
genic (e.g. V, Cr, Mn, Ni, Copper (Cu), Zinc (Zn), Cd, Pb) emissions. In the case
of anthropogenic emissions, fossil fuel combustion is believed to be one of the
main sources of Particulate Matter (PM) [11]. Human activities, including min-
ing, manufacturing, urban runoff, and atmospheric deposition, have led to signif-
icantly elevated heavy metal concentrations in other areas [12] [13]. In a recent
study, Yusuf and Inambao [14] found that transport activities are the major sources
that emit heavy pollutants found in the environment. Heavy metals from vehicu-
lar emissions can be significant threats to humans and the environment because

they have adverse effects on ecosystems, inducing contamination of air, water, and
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soil [15]. Numerous and consistent studies show that particulate matter and heavy
metals are responsible for the occurrence of a wide range of biological and health
effects and contribute to the degradation of air and human health [16]. Heavy met-
als can also induce toxicity in some organs of the human body, such as nephrotox-
icity, neurotoxicity, hepatotoxicity, skin toxicity and cardiovascular toxicity [2],
inducing toxicity to the kidneys, brain, liver, skin, and heart [1]. Strumylaite et al.
[17] have shown the oestrogenicity of cadmium and its ability to activate Estrogen
Receptor (ER) pathways. Cadmium induces proliferation of estradiol (E2) depend-
ent breast cancer cells and increases transcription of the Pathogenesis-related Pro-
tein (PR) gene [17]. Other Heavy Metals, such as arsenic [18], mercury [19] and
cadmium [20], were observed concerning high exposure and prostate cancer risk.
The most tumourigenic endocrine-disrupting chemical groups were heavy metals
(54%), particulate matter (47%), and pesticides (46%) [21]. Metals are considered
as endocrine disruptors because of their capacity to bind to hormone receptors.
Endocrine-disrupting chemicals are associated with sex-steroid receptors, namely
the two estrogen receptors (ERa and ERp) and the Androgen Receptor (AR) [22].
It has been associated with epigenetic mechanisms induced by environmental fac-
tors that lead to oxidative stress and potentially to pathogenesis and disease pro-
gression in humans. Furthermore, growing evidence reveals that environmental
exposure to heavy metals involves alterations in DNA methylation by inducing
oxidative stress [23]. In Burkina Faso, these concentrations are lower than the 24-
hour total suspended particles recommended limit of 200 - 300 pg-m™ by Burkina
Faso authorities [24]. It will be noticed that there are no recommended limits, espe-
cially for PM, 5, PM, and others in Burkina Faso. The different intra-urban trends
in PM concentrations between day and night can be explained by the difference
between the sources of PM. Indeed, there is probably a greater influence of traffic
dust suspension on paved and unpaved roads, and the exhaust emissions in the morn-
ing that adds to the effect of using biomass as a source of energy as we move forward
in the day [25].

PM,, induced dose-dependent cytotoxicity to a greater or lesser extent by sam-
pling district. Oxidative stress is a key source of toxic substances found in the en-
dothelial cells of human pulmonary arteries that can trigger a proinflammatory
response. PMy, unlike larger particles that are filtered by the nasal and bronchial
cilia, directly penetrates the upper respiratory tract and alveoli, causing inflamma-
tion and irritating the bronchi, thus affecting lung function, and exacerbating symp-
toms of respiratory diseases and other pathologies according to the intensity or du-
ration of the inflammation [26]. At harmful levels in Ouagadougou, PM,s caused
primarily outpatient hospital visits rather than hospitalisations for respiratory dis-
eases. The hospital frequency of respiratory diseases was 14.16% (2012) over the 1-
year study period. Most respiratory cases arose during the dry season (1114/2012,
55.37%). The majority (54.57%) were males, and 1506 (74.85%) were infants. In-
patients represented 62.43% (1256 cases) of all cases. Regarding the distribution of
respiratory diseases, acute bronchitis was the most frequent (46.87%), followed by
pneumonia (38.57%) and rhinitis (37.08%). Forty-three deaths (3.42%) were re-
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ported, and all occurred among hospitalised patients. A high concentration of PM, s
was associated with increased outpatient consultations among children, a finding
that could help prepare for such situations [27].

However, in Sub-Saharan Africa, an insufficient data on air quality is available
regarding atmospheric heavy metals concentrations and their pollution levels. None
of the previous studies have provided valuable information on possible sources of
atmospheric heavy metals concentration in urban environment.

The presented work focused on evaluating the adverse health effects of level heavy

metal exposure in ambient air in Burkina Faso, West Africa.

2. Methodology
2.1. Study Area

Six sites (three in Ouagadougou and three in Bobo-Dioulasso) have been included
in this study. Ouagadougou and Bobo-Dioulasso are respectively the political cap-
ital and the economical capital of the country. The sites were chosen randomly and
animals were exposed to different atmospheres in the open air or in closed enclo-
sures for the rest of the experiments. Site 1 in Ouagadougou was located inside a
reference animal house. Site 2 was at the Institute of Research in Health Science
(IRSS), and site 3 was in the Kossodo industrial zone. For the Bobo-Dioulasso
sites, site 4 was located within the precincts of a reference animal house, indoor of
the International Center for Research and Development on Livestock in Subhu-
mid Zones (CIRDES); site 5 was in the town centre, more precisely at the annex
of the IRSS and site 6 was in the industrial zone (Figure 1). Ouagadougou and
Bobo-Dioulasso are the two largest cities in Burkina Faso, with a fairly large pop-
ulation and different centres of activity, comprising more than a dozens of indus-
tries listed. The choice of sites 1 and 4 is due to the fact that they are reference pet
shops with standard breeding conditions that comply with international standards.
Sites 2 and 5 were chosen because they are located in the city centre. Sites 3 and 6
are in the industrial zone. Sites 2, 3, 5 and 6 were open-air as opposed to sites 1 and
4. For the random selection of the sites, we took into account the different activi-
ties and movements between homes and workplaces, i.e. town centres and indus-
trial zones. The pet shop was chosen as the reference site because it is an enclosed
area that is less polluted by heavy metals than the other sites. A Geographical Po-
sitioning System (GPS), GARMIN etrex 20 model was used for recording the ge-

ographical coordinates of the sampling sites.

2.2. Sampling and Data Collection

The GRIMM EDM (Environmental Dust Monitor) 107 by XEARPRO SRL was
placed on each site for 7 days, Z.e. 168 hours. Air sampling was done for Total
Suspended Particles (TSPs) and fine particles in pg-m™ (PM,s and PM,o) from 4
June to 9 August 2024 at a stand height of 1.5 metres. Heavy metals retained by
dust particles were captured by a filter (0.22 um) inside GRIMM. Results of analyt-
ical determinations were obtained through the removal, for each chemical species,
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Figure 1. Geographic coordinates of the sampling sites.

of the average level present in the blank samples.

2.3. Survey

Data were collected from October to November 2024. Individual questionnaire was
administrated to study participants through personal interviews. The question-
naire, which included closed and open questions, was tested, and adjusted during
a pilot phase. The questionnaire included questions about the demographic infor-
mation, medical history, environmental and lifestyle factors, health awareness and
prevention. The interviews were conducted in French. Answers were recorded
through KoboCollect, a smartphone-based questionnaire tool. Data collected was

then stored on the KoboToolbox platform.

2.4. Ethical Approval

Our study was conducted in accordance with the declaration of Helsinki. Each par-
ticipant agreed and gave their free verbal approval before the interview phase. Data

collected from participants were kept confidential and anonymous.

2.5. Samples Analysis

After the heavy metals were retained by the passing particulate portion, digestion

DOI: 10.4236/jbm.2025.134031

377 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2025.134031

Z.). F.R. Tiégnan et al.

and quantification were carried out by the method from Zimmermann and Reis-
berg [28]. The filter used was a cellulose filter with a particle size of 0.22 pm, in
contrast to the American standard of 0.8 um, which allowed us to be precise in the
retention of the particulate fraction used. Inorganic elements Arsenic (As), Lead (Pb),
Cadmium (Cd), Nikel (Ni), Chromium (Cr), Mercury (Hg), and Copper (Cu) in
PM and dust samples were quantified through the technique Perkin Elmer Optima
8000 DV, Inductively Coupled Plasma-Optical Emission Spectrophotometry (ICP-
OES). The instrumental Limit of Detection (LOD) was determined following the
protocol described by Perkin Elmer ICP application study number 57 [29]. Quan-
tum Geographic Information System (QGIS) version 3.28 and ArcGIS version
10.8.0.12790 were performed for the graphics.

3. Results
3.1. Socio-Demographic Characteristics

The survey on the respiratory effects of particulate matter in the city centres of Bobo-
Dioulasso and Ouagadougou showed that 86.87% of the respondents lived in the
city of Bobo-Dioulasso compared to 82.70% in the city of Ouagadougou. The pro-
portion of men surveyed in Bobo-Dioulasso (68.35%) was not significantly differ-
ent from those surveyed in Ouagadougou (p = 0.484). Participants aged between

21 and 40 years were in the majority in both cities (Table 1).

Table 1. Socio-demographic characteristics.

Socio-demographic Bobo-Dioulasso  Ouagadougou
characteristics n (%) n (%) p-value
Residence 297 607 0.437
City Centre 258 (86.87) 502 (82.70)
Industrial Area 39 (13.13) 105 (17.30)
Sex 297 (100) 607 (100) 0.484
Women 94 (31.65) 207 (34.10)
Men 203 (68.35) 400 (65.90)
Age group (yeats) 297 607 0.170
0-10 3 (1.01) 10 (1.65)
11-20 . 74 (12.19)
21 - 40 268 (90.23) 480 (79.08)
41 - 60 17 (5.72) 34 (5.60)
61 and above 9 (3.03) 9(1.48)
Occupation 297 607 0.449
Student 122 (41.08) 253 (41.68)
Office worker 59 (19.86) 142 (23.39)
Manual laborer 46 (15.49) 35 (5.77)
Unemployed 26 (8.75) 60 (9.88)
Others 44 (14.81) 117 (19.27)
DOI: 10.4236/jbm.2025.134031 378 Journal of Biosciences and Medicines
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3.2. Inventory of the Various Industries in the Industrial Area at
Two Major Towns

In Burkina Faso’s two major cities, we have inventoried certain categories of indus-
tries in common, with a high number of mill industries, which seem to be in sufficient
quantity, followed by brewing. In addition, there are more than ten industries de-

pending on the city (Table 2).

Table 2. Inventory of the various industries in the industrial area at two major towns.

City Ouagadougou Bobo-Dioulasso
SAVOR (Oil refinery)
BRAKINA (Brewing industry)
Commons SOBUFAB (Brewing industry)
Industries HUNOFA (Oil refinery)
EUGENOL (Oil refinery)

Hage Matériaux (Metal industry)

SOFITEX (Fib d Textiles,
Pegaz and Oryx (Butane gas) (Fibres and Textiles

Cotton)
Grand Moulin (Meal) SN SITEC (Soaps)
CIMFASO (Cement) SAP (Pneumatics)

SAPHYTO (Phytosanitary and
FASOE E Industri
nergy (Energy Industrie) insecticide products)
SAPEC (Painting) Profimétaux (Building materials)
Other COBUFAF (Biscuit and candy) MABUCIG (Smoking)

industries
SONACEB (Cardboard and

NANA Boureima (Metal industry) Packaging)
WATTAM Kaizer (Motorbikes)
STEP (Wastewater treatment)
ONEA (Cleaning water)
Abattoir (Animal slaughter: the meat)

Usine de Matelas Mousse (Matthew)

3.3. Daily Concentrations of Heavy Metals in Ambient Air at Two
Major Towns

Table 3 shows the daily concentrations of certain heavy metals that an individual

who is not protected against air pollution could nevertheless inhale.

3.4. 48-Hour Concentrations of Heavy Metals in Ambient Air at
Two Major Towns

Table 4 shows the atmospheric heavy metals concentrations in the city centres and
industrial zones of Bobo-Dioulasso and Ouagadougou could release into the am-

bient air over two days of measurements.
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3.5. 72-Hour Concentrations of Heavy Metals in Ambient Air at
Two Major Towns

Findings in Table 5 show the concentrations and atmospheric heavy metal emis-
sions found in the air compartment, with high concentrations of Pb and Ni in the
industrial zone of Ouagadougou and in the centre of Bobo-Dioulasso, but high con-

centrations of Cr and Hg in the centre of Ouagadougou.

3.6. Weekly Concentrations of Heavy Metals in Ambient Air at
Two Major Towns

Anthropogenic emission of heavy metals during the weekdays, revealed high

Table 3. Daily measurement concentrations of heavy metals in ambient air at two major towns.

Measurement As Pb Cd Ni Cr Hg Cu

City sites ug/m? pg/m? pg/m? pg/m? pg/m? ug/m? ug/m?

Animal House <4.29E-04 <4.29E-04 <4.29E-04 <4.29E-04 <4.29E-04 <4.29E-04 <4.29E-04
Ouagadougou City Centre <4.29E-04 143E-03 <4.29E-04 1.00E-03 2.00E-03 1.86E-03  <4.29E-04
Industrial Area <4.29E-04 2.57E-03 <4.29E-04 2.29E-03 1.71E-03 1.57E-03  <4.29E-04

Animal House <4.29E-04 <4.29E-04 <4.29E-04 <4.29E-04 <4.29E-04 <4.29E-04 <4.29E-04
Bobo-Dioulasso City Centre <4.29E-04 1.43E-03 <4.29E-04 1.29E-03 1.00E-03 1.14E-03  <4.29E-04
Industrial Area <4.29E-04 <4.29E-04 <4.29E-04 <4.29E-04 <4.29E-04 <4.29E-04 <4.29E-04

Table 4. 48-hour measurement concentrations of heavy metals in ambient air at two major towns.

. Measurement As Pb Cd Ni Cr Hg Cu
CltY i 3 3 3 3 3 3 3
sites ug/m ug/m pg/m pg/m pg/m pg/m pg/m
Animal House <8.57E-04 <8.57E-04 <8.57E-04 <8.57E-04 <8.57E-04 <8.57E-04 <8.57E-04
Ouagadougou City Centre <8.57E-04 2.86E-03 <857E-04 2.00E-03 4.00E-03 3.71E-03  <8.57E-04

Industrial Area <8.57E-04 5.14E-03 <8.57E-04 4.57E-03 3.43E-03 3.14E-03  <8.57E-04

Animal House <8.57E-04 <8.57E-04 <857E-04 <8.57E-04 <8.57E-04 <857E-04 <8.57E-04
Bobo-Dioulasso  City Centre <8.57E-04 2.86E-03 <8.57E-04 2.57E-03 2.00E-03 2.29E-03  <8.57E-04

Industrial Area <8.57E-04 <8.57E-04 <8.57E-04 <8.57E-04 <8.57E-04 <8.57E-04 <8.57E-04

Table 5. 72-hour measurement concentrations of heavy metals in ambient air at two major towns.

. Measurement As Pb Cd Ni Cr Hg Cu
Clty i 3 3 3 3 3 3 3
sites pg/m ug/m ug/m ug/m pg/m pg/m ug/m
Animal House <1.29E-03 <1.29E-03 <1.29E-03 <1.29E-03 <1.29E-03 <1.29E-03 <1.29E-03
Ouagadougou City Centre <1.29E-03 4.29E-03 <1.29E-03 3.00E-03 6.00E-03 5.57E-03  <1.29E-03

Industrial Area <1.29E-03  7.71E-03 <1.29E-03  6.86E-03 5.14E-03 4.71E-03  <1.29E-03

Animal House <1.29E-03 <1.29E-03 <1.29E-03 <1.29E-03 <1.29E-03 <1.29E-03 <1.29E-03
Bobo-Dioulasso ~ City Centre =~ <1.29E-03  4.29E-03  <1.29E-03  3.86E-03 3.00E-03 3.43E-03 <1.29E-03

Industrial Area <1.29E-03 <1.29E-03 <1.29E-03 <1.29E-03 <1.29E-03 <1.29E-03 <1.29E-03
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concentrations of Pb and Cr in the centre of Bobo-Dioulasso. Elevated concentra-
tions of Pb and Ni in the industrial zone of Ouagadougou. Higher concentrations

of Cr and Hg in Ouagadougou city centre in (Table 6)

3.7. Risk Factors

Table 7 shows the proportion of risk factors that predispose to certain types of res-
piratory diseases.

Table 6. Weekly Measurement concentrations of heavy metals in ambient air at two major towns.

City Measurement sites As Pb cd Ni Cr He Cu
pg/m’ pg/m’ pg/m’ pg/m’ pg/m’ pg/m’ pg/m’
Animal House <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
Ouagadougou City Centre <0.003 0.010 <0.003 0.010 0.014 0.013 <0.003
Industrial Area <0.003 0.018 <0.003 0.016 0.012 0.011 <0.003
Animal House <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
Bobo-Dioulasso City Centre <0.003 0.010 <0.003 0.009 0.010 0.008 <0.003
Industrial Area <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003

Table 7. Risk factors.

Bobo-Dioulasso  Ouagadougou

Risk factors n (%) n (%) p-value
Duration of stay in current city 297 607 0.983
Less than 1 year 28 (9.43) 64 (10.54)
1 - 5years 71 (23.90) 230 (37.89)
More than 5 years 198 (66.66) 313 (51.56)
Smoke or have you been exposed to secondhand smoke regularly 297 607 0.810
Yes 44 (14.81) 118 (19.44)
No 253 (85.18) 489 (80.56)
Live or work in an environment with heavy pollution (e.g. smoke, dust,
industrial emissions) 297 607 0.840
Yes 81 (27.27) 236 (38.88)
No 216 (72.73) 371 (61.12)
lF“r:?)::::,l); :}Z};l(;iec:l) :1(; indoor air pollution (e.g. cooking with wood, 297 607 0.373
Yes 64 (21.55) 140 (23.06)
No 233 (78.45) 467 (76.93)
Suffer from allergies that affect your respiratory system 297 607 0.182
Yes 35 (11.78) 73 (12.02)
No 262 (88.21) 534 (87.97)
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Continued
Protective measures (e.g. face masks) in environments with poor air quality 297 607 0.889
Always 44 (14.81) 86 (14.17)
Sometimes 139 (46.80) 278 (45.80)
Rarely 102 (34.34) 182 (29.98)
Never 12 (4.04) 61 (10.05)

Table 8. Medical history.

3.8. Medical History

Table 8 shows that 3.03% and 4.61% of respondents in Bobo-Dioulasso and Oua-
gadougou respectively had a history of bronchitis. In addition, 37.04% and 39.70%

of the estimated respondents respectively had respiratory symptoms at least once

or twice a year.

Medical history Bobo-Dioulasso  Ouagadougou p-value
n (%) n (%)
Diagnosed with any respiratory disease in the past 12 months 297 607 0.952
Yes 35 (11.78) 96 (15.81)
No 262 (88.21) 511 (84.18)
Previous history 297 607
Asthma 8 (2.69) 16 (2.63)
Asthma and bronchitis - 5(0.82)
Bronchitis 9 (3.03) 28 (4.61)
Tuberculosis 3(1.01) 1(0.16)
Tuberculosis and pneumonia 1(0.33) -
Pneumonia 5(1.68) 10 (1.65)
Other 271 (91.24) 547 (90.11)
E:E:;::;;i: z;:lsepli:::(;;y nsly(r)rrr:g::ms (cough, difficulty breathing, chest 297 €07 0.566
1 - 2 times 110 (37.03) 241 (39.70)
3 -5 times 48 (16.16) 76 (12.52)
More than 5 times 14 (4.71) 43 (7.08)
Never 125 (42.08) 247 (40.69)
Receive treatment for your respiratory condition 297 607 0.43
Yes 96 (32.32) 223 (36.74)
No 201 (67.68) 384 (63.26)
Type of treatment did you receive 297 607 0.999
Hospitalization 2 (0.67) 7 (1.15)
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Continued
Hospitalization and medication - 3(0.49)
Hospitalization, medication and home remedies - 4 (0.66)
Medication only 75 (25.25) 175 (28.83)
Medication and home remedies 11 (3.70) 22 (3.62)
Home remedies 9 (3.03) 14 (2.30)
Other 200 (67.34) 382 (62.93)

4. Discussion

Nowadays, air pollution by certain heavy metals seems to be increasing because
of a certain number of allergies and symptoms of respiratory pathologies, hor-
mone-dependent cancers, metabolic disorders, non-communicable and neurolog-
ical diseases depending on the exposure period. To this day, the regulations are
not sufficiently documented on standards or international limits for the atmospheric
heavy metals concentrations. Airborne particulate matter, especially the fraction
of particles with aerodynamic dynameters below 2.5 pm (fine particles PM,;5) had
large surface areas and adsorbed compounds such as heavy metals, Polycyclic Ar-
omatic Hydrocarbons (PAHs), and many other organic compounds into their sur-
face various. Their small diameters allow them to reach the alveolar compartment
of lungs, where they are able to cause adverse effects on health [30] [31]. It was shown
that these particles cause more toxic effects than coarse particles [32]. Respiratory
diseases have been associated with the exposure of populations to some environ-
mental pollutants such as pesticides [33]. During the rainy season, Bobo-Dioulasso
recorded rainfall of 1107 mm, a temperature of 28.9°C and average humidity of
82.54%. In Ouagadougou, rainfall was 1017 mm, with an average temperature of
30.2% and average humidity of 73.84%, according to the National Meteorological
Agency. When precipitation is high, the air is washed of these fine particles [34].
The residence time of fine particles in the atmosphere varies according to their
size and composition. Wind direction can also play a role in differences in con-
centrations from one day to the next. Wind influences pollutant concentrations
through its speed and direction [25]. The limitations of our study are due to the
fact that data collection was carried out during the rainy season, with the different
climatic variations in the two cities of Bobo-Dioulasso and Ouagadougou. The
GRIMM EDM (Environmental Dust Monitor) 107, which was used for sampling,
also has its advantages and limitations, as we have a multitude of sampling devices

at our disposal.

4.1. Socio-Demographic Characteristics

A total of 904 participants took part in this study, 297 in the city of Bobo-Diou-
lasso and 607 in the city of Ouagadougou. Of the participants in Bobo-Dioulasso,
86.87% were in the city centre, compared to 82.70% in the city of Ouagadougou.

Around 13% were in the industrial area of Bobo-Dioulasso compared with 17.30%
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in the industrial area of Ouagadougou. The age range of the respondents was 21-
40 years. More than 60% of respondents were men in both cities. Students made up
40% of the respondents in both cities. Bobo-Dioulasso and Ouagadougou are 360

kilometres (km) apart.

4.2. Inventory of the Various Industries in the Industrial Area at
Two Major Towns

The inventory of industries in the two towns enabled us to identify 6 industries in
common, including oil production, breweries and metal production. We identi-
fied a dozen other industries on both sides. In fact, the oil processing category was
the most preponderant, followed by the brewing category. The higher number of
industries in Ouagadougou compared to Bobo-Dioulasso could be linked to the fact
that Ouagadougou is the political capital of Burkina Faso, with a dynamic popu-
lation (Z.e. the population was estimated at 1,700,000 in 2010 and 2,415,226 in 2022
by the National Institute of Statistics and Demography), which requires a suffi-
ciently high level of productivity to cover the needs of the population.

4.3. Daily Concentrations of Heavy Metals in Ambient Air at Two
Major Towns

The majority of locations in Bobo-Dioulasso and Ouagadougou showed concen-
trations of As, Cd, and Cu < 4.29E-04 pg-m—. However, we observed concentra-
tions of Ni (1.00E-03 pg-m~?, 2.29E-03 pg-m~), Cr (2.00E-03 pg-m~3, 1.71E-03
pg-m~) and Hg (1.86E-03 pug-m™, 1.57E—03 pg-m) respectively in the city centre
and industrial zone of Ouagadougou. A concentration of Pb (1.43E—03 pug-m™) in
the two towns. A daily concentration of Pb = 1.00E-03 pg-m~, Ni = 1.29E—03 pg-m~,
Cr =1.00E-03 pg-m~ and Hg = 1.14E-03 pg-m in the Bobo-Dioulasso industrial
zone. Ni, Pb are emitted mostly by oil combustion sources [10]. Ouagadougou’s
road network extends over a distance of 2700 kilometres with 200 km of paved roads,
400 km of laterite and 2100 km on tracks (a mixture of laterite, sand and clay), on
which traffic contributes through suspension to particulate matter. Approximately
1,003,997 people travel in and out of the city centre every day. The breakdown of
vehicles is as follows: 74% motorised two-wheelers, 18% private vehicles, 7% pub-
lic transport vehicles and 1% heavy goods vehicles. Dusty residential sites near un-
paved roads are characterised by high PM,, emissions [25]. Some studies on air
pollution in the city of Ouagadougou have shown that this pollution is mainly due
to PM and hydrocarbons [35] [36]. The relatively low concentrations of certain
heavy metals in outdoor or indoor environments may be linked to the fact that we
do not have massive use of materials that could be responsible for the emission of

these heavy metals in low concentrations.

4.4. 48-Hour Concentrations of Heavy Metals in Ambient Air at
Two Major Towns

Concentrations of Pb = 2.86E—03 ug-m™’ are the same in both city centres, whereas
Ni =2.00E-03 pg-m~ (Ouagadougou) is higher than Ni = 2.57E-03 pg-m™ (Bobo-
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Dioulasso). The relative concentrations of Cr = 4.00E-03 pg-m~ and Hg = 3.71E-03
pg-m™ in the centre of Ouagadougou exceed that of Cr = 2.00E-03 pug:-m~ and Hg =
2.29E—-03 pug-m~ in the centre of Bobo-Dioulasso.

The industrialized area of Ouagadougou has heavy metal concentrations of Pb =
5.14E-03 pg-m~>, Ni = 4.57E-03 pg-m~>, Cr = 3.43E-03 ug-m~>, Hg = 3.14E-03
pg-m~> compared to the industrial area of Bobo with concentrations of all these
heavy metals <8.57E—04. pg-m™>.

Our results are lower and differ from those obtained in China by Duan and Tan
[5] with heavy metal concentrations Pb = 0.19 ug-m™ As = 0.015 pg-m~ Ni = 0.02
pg-m~ Cr = 0.04 pug-m™ Cd = 0.05 pg-m~> Cu = 0.06 pug-m~. Further, Cu and Pb
are often associated with traffic emissions and road dust [10].

The high concentration of heavy metals in Bobo-Dioulasso city centre may be
attributable on the one hand to some informal sector activities such as welding and
small-scale metallurgy. Emissions from cars, dust, cockroaches and mouldy bits
were the most common exposure factors in the environment at respectively 89.2%,
85.3%, 85.3% and 68.6% of our patients. A notion of smoking was found in 38 pa-
tients (4 active and 34 second-hand smoking) [37].

4.5.72-Hour Concentrations of Heavy Metals in Ambient Air at
Two Major Towns

In the city of Ouagadougou, the concentrations of heavy metals were Pb = 4.29E-03
pg-m~, Ni = 3.00E-03 pg-m~>, Cr = 6.00E-03 pg-m~, Hg = 5.57E-03 pug-m~ in
the city centre. In the industrial zone, on the other hand, Pb = 7.71E-03 pg-m,
Ni = 6.86E-03 pg-m>, Cr = 5.14E—03 pg-m~ and Hg = 4.71E-03 pg-m.

In the city of Bobo-Dioulasso, heavy metal concentrations were Pb = 4.29E-03
pg-m~, Ni = 3.86E-03 pg-m~, Cr = 3.00E-03 pg-m and Hg = 3.43E-03 pg-m>
in the city centre. Our results differ from those obtained with Cheng [38] in China
who obtained Cd = 0.016 pg-m~, Cr = 0.071 pg-m~, Ni = 0.072 pg-m~, Pb = 33.3
pg-m~ in the normal season. The cumulative effect of discharges from the various
industries in the Ouagadougou industrial zone could be correlated with increased
concentrations of certain heavy metals such as Pb and Ni. The predominant indus-

trial categories are oil, brewing and metallurgy.

4.6. Weekly Concentrations of Heavy Metals in Ambient Air at
Two Major Towns

Heavy metal concentrations in Pb = 0.010 pg-m™ are the same in Ouagadougou
and Bobo-Dioulasso. Ni (0.010 ug-m~ in Ouagadougou vs 0.009 pug-m~ in Bobo-
Dioulasso), Cr (0.014 pg-m~ in Ouagadougou vs 0.010 pg-m~ in Bobo-Dioulasso),
Hg (0.013 pg-m~ in Ouagadougou vs 0.008 pg-m~ in Bobo-Dioulasso) in the city
centres. Heavy metal concentrations of Pb = 0.018 ug-m™, Ni = 0.016 ug-m™, Cr =
0.012 ug-m~, Hg = 0.011 ug-m~ in the Ouagadougou industrial zone. Our results
differ from those obtained by Contini et al [39] during weekdays measurement
Cr=5.5E-03 pg'-m~, Ni = 4.2E-03 ug'-m~, Cu=0.010 ug-m>, As = 2.2E-03 pug-m,
Cd = 2.4E-03 pg-m™, Pb = 0.021 pg-m~. An urban area with mainly exhaust
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fumes is a strong source of PM, especially during the rainy season [40] [41]. The
centres of activity are concentrated in the city centre and in a few outlying dis-
tricts, hence the massive daily movement of inhabitants towards the business
parks [25].

Our results also differ from those obtained by Cachon et al. [42] who had heavy
metal concentrations in Benin after 3 weeks of measurement in Cr = 0.01 pg-m>,
Cu =0.03 ug-m™, Ni = 0.002 pg-m~ and Pb = 0.02 ug-m~. A number of industries,
including metallurgy and artisanal mining, as well as other anthropogenic activities
such as smoke, dust, road transport (fuel), waste incineration, charcoal, paint and

plastic manufacturers, could be responsible for this increase in concentrations.

4.7. Risk Factors

Regarding risk factors, in Bobo-Dioulasso 66.67% had been in the current city for
more than 5 years, 14.81% were regularly exposed to passive smoking, 27.28% live
or work in an environment with high pollution (e.g. smoke, dust, industrial emis-
sions), 21.55% are frequently exposed to indoor air pollution (e.g. cooking with
wood, kerosene or charcoal), 11.79% suffer from allergies that affect their respir-
atory system, 61.61% take protective measures (e.g. face masks) in environments
with poor air quality.

In Ouagadougou, 51.56%, more than 5 years in the current city, 19.44% were
regularly exposed to passive smoking, 38.88% live or work in an environment with
heavy pollution (e.g. smoke, dust, industrial emissions), 23.06% are frequently ex-
posed to indoor air pollution (e.g. cooking with wood, kerosene or charcoal), 12.03%
suffer from allergies affecting their respiratory system. 59.97% take protective
measures (e.g. protective mask) in environments with poor air quality. No signif-
icant association was found (p > 0.05).

Sustainable development in Sub-Saharan Africa depends on productivity in the
agricultural sector. Agriculture is a major contributor to Gross Domestic Product
(GDP) [43]. Pesticides are used to protect crops. The use of pesticides requires
protective measures to ensure the safety of users. Unfortunately, in our countries,
very few producers comply with hygiene rules during and after phytosanitary treat-
ments [44]. In environmental terms, the consequences include water, soil and air
quality, as pesticide residues can be detected in all environmental compartments
or in food [45]. Nevertheless, their uncontrolled and intensive use due to a lack of
training can be a source of harm to animal and human health and to the environ-
ment [44]. In addition, farmers, mainly because of their low level of instruction,
do not respect good agricultural practices [46]. In general, in West Africa, and par-
ticularly in Burkina Faso, small-scale vegetable growers do not follow the recommen-
dations for the appropriate use of pesticides and equipment. The results of a study
showed that after pesticide use, 70.83% of small-scale vegetable throw pesticide
packaging away, 18.33% incinerate it, 3.33% dump it and 0.83% bury it in the soil
[44]. Pesticides are responsible for several chronic diseases, including chronic res-
piratory defects [33]. These health effects are mainly rhinitis, chronic chest pains,

chronic cough, breathlessness, and respiratory difficulty. The prevalence of reported
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chronic respiratory symptoms in the conventional group was significantly higher
compared to organic ones. Pulmonary function assessment of each cotton farmer
allowed to diagnose ventilatory changes among conventional and organic cotton
farmers. Among organic farmers, Chronic rhinitis, Chronic chest pains and Chronic
cough were significantly associated with restrictive defects [33]. Both conven-
tional and organic cotton farmers reported similar chronic respiratory symptoms
in different proportions. The main reports were rhinitis (54.45% conventional vs.
34.92% organic) [33]. The industrial zones of Burkina Faso’s two major cities,
which include more than a dozen industries, are not too far from either residential
areas or the city centre. As a result, industrial air pollution could spread widely, they
can be dispersed in the atmosphere over long distances and be deposited in regions
far from where they were emitted [47].

In Burkina Faso, women and their young children are the most exposed to the
effects of indoor air pollution. The prevalence of Acute Respiratory Infections
(ARIs) was 3.5% in children under 5. In Burkina Faso, indoor air pollution is
thought to be responsible for 8.5% of general morbidity. One study showed that
60% of households used biomass (wood or charcoal) as their main fuel, while 40%
used gas. By analogy with the latter study, we can deduce the same thing for the
population of Bobo-Dioulasso [48]. a statistically significant difference in respir-
atory symptoms prevalence amongst women who burnt biomass fuels compared
to women who used clean fuels, such as Liquefied Petroleum Gas (LPG), and fur-
thermore, if there was a difference in the health effects between wood and charcoal
used as the main cooking fuel. Biomass users are acute respiratory symptoms some
dry cough (26.5%), throat irritation (29.06%). Chronic respiratory symptoms such
as: chronic phlegm (28.77%), Shortness of breath (20.59%), effort cough (28.28%),
effort chest tightness (38.13%), effort dyspnea (48.57%), woken by shortness of
breath (28.37%), woken by coughing attacks (20.859%) by LPG users [49]. A no-
tion of smoking was found in 38 patients (4 active and 34 second-hand smoking)
[37].

4.8. Medical History

In the city of Bobo-Dioulasso, 11.78% of people were diagnosed with any respira-
tory disease in the previous 12 months, compared with 15.81% in Bobo-Dioulasso.
Bronchitis was the most common, followed by asthma and then pneumonia in
both towns. Our results are similar to those of Ouédraogo et al [27], who reported
acute bronchitis as the most common respiratory pathology (46.87%), followed
by pneumonia (38.57%) and rhinitis (37.08%) in children hospitalised for respir-
atory diseases. 37.04% of participants in Bobo-Dioulasso had experienced respir-
atory symptoms (cough, breathlessness, chest tightness) 1 - 2 times in the previous
12 months, compared with 39.70% in Ouagadougou 1 - 2 times. 32.32% of partic-
ipants in Bobo-Dioulasso received treatment for their respiratory symptoms, com-
pared with 36.74% of participants in Ouagadougou. In terms of the type of treat-
ment used for respiratory problems, 25.25% of people in Bobo-Dioulasso used
only medication, compared with 28.83% of people in Ouagadougou. One hundred
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and two asthmatic patients were included (76 women and 26 men) with a mean
age of 38.7 + 18.6 years. Asthma was found to be well controlled in 26.5% of cases,
partially controlled in 34.3% of cases and uncontrolled in 39.2% of cases [37]. In
developing countries, chronic respiratory diseases are a major concern due to
their frequency, severity, and economic impact [50]. Indeed, Low- and Middle-
Income Countries (LMICs) account for 80% of world deaths from noncommuni-
cable diseases, of which about 12% are due to respiratory diseases like asthma and
Chronic Obstructive Pulmonary Disease (COPD). In Sub-Saharan Africa, the prev-
alence of asthma ranges from 6% to 20% and COPD from 4.1% to 24.8% [51].
Respiratory diseases have been associated with the exposure of populations to
some environmental pollutants such as pesticides [33]. Over eighty-eight percent
(88.10%) of conventional cotton farmers vs 67.67% of organic ones reported health
effects involving respiratory system after contact (p < 0.0001) OR = 2.263; 95% CI:
1.605 - 3.190 [52]. Self-reported chronic respiratory symptoms among cotton
farmers show 66.90% and 57.67% of conventional and organic cotton farmers,
respectively, declared having experienced a chronic respiratory sign at least once
since they started using pesticides. Reported chronic respiratory signs such as rhi-
nitis, chronic chest pain, chronic cough, and breathlessness were significantly as-
sociated with conventional cotton farmers compared to organic ones (p < 0.05) [33].
A recent literature review by Tarmure ef al. [53] concluded that pesticide exposure
strongly correlates with respiratory pathologies like asthma, COPD, and cancer.
At harmful levels in Ouagadougou, PM, s caused primarily outpatient hospital vis-
its rather than hospitalisations for respiratory diseases. Hospital visits for respira-
tory diseases accounted for 14.16% of all visits. Children were males in the major-
ity (54.57%) and aged between 29 days-30 months (74.85%). Rise in PM, s con-
centrations was associated with slightly more outpatients than inpatients (ORc =
0.996 95% CI: 0.993 - 0.998; p = 0.003) [27]. Regarding the distribution of respir-
atory diseases, acute bronchitis was the most frequent (46.87%), followed by pneu-
monia (38.57%) and rhinitis (37.08%). Forty-three deaths (3.42%) were reported,
and all occurred among hospitalised patients. A high concentration of PM, s was
associated with increased outpatient consultations among children, a finding that
could help prepare for such situations [27]. Children are more sensitive to the
adverse health effects of air pollutants due to the immaturity of their respiratory
system [54]. The prevalence of Respiratory Syncytial Virus (RSV), viral infections
in infants suffering from respiratory infections consulted and hospitalised in the
city of Ouagadougou, and to evaluate the clinical characteristics associated with
the identification of RSV infection. The age group under 6 months was the most
affected, with 66.7% of cases of RSV ARI (Acute Respiratory Infection). The main
histories of atopy found in the children were rhinitis (14, 58.3%) and asthma (2,
8.3%); Clinical signs observed during RSV ARI were dominated by cough, 22
(91.66%), followed by fever (temperature = 38.5°) (79.2%), rhinitis (19; 79.2%)
and respiratory distress (moderate if score between 3 and 4 and severe if score >
4 - 5) (16; 66.7%). The frequency of RSV ARI (16.2%) and its predilection (age <
6 months) are a real public health problem in paediatrics [55]. In Burkina Faso
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(West Africa), ARIs are also a major cause of child admissions to hospital by Tall
et al. [56] with a 17.6% mortality rate in children aged under 5 years [57] [58]. The
prevalence of Functional Pulmonary Defects (FPDs) was 36.84%. Obstructive and
mixed ventilatory impairments (OVI + MVI) represented 10.12% [59]. In Burkina
Faso, 70.7% of males suffered from chronic irreversible airway dilatation, which

corresponds to 93.3% knowledge of bronchiectasis [60].

5. Conclusions

The present work described an analysis of atmospheric heavy metals concentrations
of samples collected at the six different sites in Burkina Faso during rainy season.
The results showed limited differences in the concentrations measured at the six
sites, indicating a relatively homogeneous spatial distribution of metals at two ma-
jor towns in Burkina Faso. This was probably due to the presence of the specific
meteorological circulation, which mixes air masses arriving from different direc-
tions, favouring the re-circulation and spread of pollutants in the sampling sites.
Three of the sources were related to specific emissions in the various sites (traffic-
industrial emissions, glass factories and fossil fuel combustion). A local anthropo-
genic source, rich in As, Cd, Cu, Pb, Ni, Cr and Hg, was identified on the basis of
the correlation with the survey data provided us with an update on the incidence of
respiratory pathologies.

The most prevalent atmospheric heavy metals’ concentration in the industrial area
is Pb, Ni, and Cr, whereas in the city centre, we found Cr and Hg. Heavy metals
in dust were found to mainly derive from atmospheric deposition of particulate
matter of both natural and anthropogenic origin.

Nowadays, most heavy metals are endocrine disruptors, causing DNA damage. It

is vital to raise awareness in order to reduce anthropogenic origin of heavy metals.

Acknowledgements

We are grateful to Dr. S. Achille Nikiema and Jacques 2éme Jumeau Kaboré, Ph.D.
Gladys Mounaissa Sanou, Mr. Adama Sawadogo, Adama Kouda and Adama Konaté.
This will be done through the Higher Education Support Project. We thank also the
UNESCO chaire in “Génie génétique et Biologie Moléculaire” for the technical
support.

Data Availability

The datasets used and/or analyzed during the current study are available from the
corresponding author upon reasonable request.

Authors’ Contributions

Conceptualization, data curation, formal analysis, methodology, writing-original
draft, writing-review and editing: ZJFRT. AT, BMB, BVEJTB, OEO, and DJNK were
responsible for the formal analysis, methodology, supervision, validation, visuali-

zation and writing-review and editing. LT, T-WCO, WFD and ]S realize the inves-

DOI: 10.4236/jbm.2025.134031

389 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2025.134031

Z.). F.R. Tiégnan et al.

tigation, supervision, validation and visualization.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this paper.

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

Jomova, K., Alomar, S.Y., Nepovimova, E., Kuca, K. and Valko, M. (2024) Heavy Met-
als: Toxicity and Human Health Effects. Archives of Toxicology, 99, 153-209.
https://doi.org/10.1007/s00204-024-03903-2

Mitra, S., Chakraborty, A.J., Tareq, A.M., Emran, T.B., Nainu, F., Khusro, A., et al
(2022) Impact of Heavy Metals on the Environment and Human Health: Novel Ther-
apeutic Insights to Counter the Toxicity. Journal of King Saud University— Science, 34,
Article 101865. https://doi.org/10.1016/j.jksus.2022.101865

Briffa, J., Sinagra, E. and Blundell, R. (2020) Heavy Metal Pollution in the Environment
and Their Toxicological Effects on Humans. Heliyon, 6, €04691.
https://doi.org/10.1016/j.heliyon.2020.e04691

Hawkes, S.J. (1997) What Is a “Heavy Metal”? Journal of Chemical Education, 74, Ar-
ticle 1374. https://doi.org/10.1021/ed074p1374

Duan, J. and Tan, J. (2013) Atmospheric Heavy Metals and Arsenic in China: Situation,
Sources and Control Policies. Atmospheric Environment, 74, 93-101.
https://doi.org/10.1016/j.atmosenv.2013.03.031

Li, S., Zhang, R, Yao, Z., Yi, F., Ren, J., Wu, M., et al. (2012) Size Distribution of Chem-
ical Elements and Their Source Apportionment in Ambient Coarse, Fine, and Ultrafine
Particles in Shanghai Urban Summer Atmosphere. Journal of Environmental Sciences,
24, 882-890. https://doi.org/10.1016/s1001-0742(11)60870-x

Duan, J., Tan, J., Wang, S., Hao, J. and Chai, F. (2012) Size Distributions and Sources
of Elements in Particulate Matter at Curbside, Urban and Rural Sites in Beijing. Jour-

nal of Environmental Sciences, 24, 87-94.
https://doi.org/10.1016/s1001-0742(11)60731-6

Pang, Y., Huang, W, Luo, X., Chen, Q., Zhao, Z., Tang, M., et al. (2020) In- Vitro Hu-
man Lung Cell Injuries Induced by Urban PM. s during a Severe Air Pollution Episode:
Variations Associated with Particle Components. Ecotoxicology and Environmental
Safety, 206, Article ID: 111406. https://doi.org/10.1016/j.ecoenv.2020.111406

Zhi, M., Zhang, X., Zhang, K., Ussher, S.J., Lv, W,, Li, J., et al (2021) The Character-
istics of Atmospheric Particles and Metal Elements during Winter in Beijing: Size Dis-

tribution, Source Analysis, and Environmental Risk Assessment. Ecotoxicology and
Environmental Safety, 211, Article ID: 111937.

https://doi.org/10.1016/j.ecoenv.2021.111937

Lee, P., Youm, S. and Jo, H.Y. (2013) Heavy Metal Concentrations and Contamination
Levels from Asian Dust and Identification of Sources: A Case-Study. Chemosphere, 91,
1018-1025. https://doi.org/10.1016/j.chemosphere.2013.01.074

Sahu, S.K., Beig, G. and Parkhi, N.S. (2011) Emissions Inventory of Anthropogenic

PMas and PMio in Delhi during Commonwealth Games 2010. Atmospheric Environ-
ment, 45, 6180-6190. https://doi.org/10.1016/j.atmosenv.2011.08.014

Romic, M. and Romic, D. (2003) Heavy Metals Distribution in Agricultural Topsoils in
Urban Area. Environmental Geology, 43, 795-805.

https://doi.org/10.1007/s00254-002-0694-9
Zhang, C. (2006) Using Multivariate Analyses and GIS to Identify Pollutants and Their

DOI: 10.4236/jbm.2025.134031

390 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2025.134031
https://doi.org/10.1007/s00204-024-03903-2
https://doi.org/10.1016/j.jksus.2022.101865
https://doi.org/10.1016/j.heliyon.2020.e04691
https://doi.org/10.1021/ed074p1374
https://doi.org/10.1016/j.atmosenv.2013.03.031
https://doi.org/10.1016/s1001-0742(11)60870-x
https://doi.org/10.1016/s1001-0742(11)60731-6
https://doi.org/10.1016/j.ecoenv.2020.111406
https://doi.org/10.1016/j.ecoenv.2021.111937
https://doi.org/10.1016/j.chemosphere.2013.01.074
https://doi.org/10.1016/j.atmosenv.2011.08.014
https://doi.org/10.1007/s00254-002-0694-9

Z.). F.R. Tiégnan et al.

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

Spatial Patterns in Urban Soils in Galway, Ireland. Environmental Pollution, 142, 501-
511. https://doi.org/10.1016/j.envpol.2005.10.028

Yusuf, A.A. and Inambao, F.L. (2019) Effect of Low Bioethanol Fraction on Emissions,
Performance, and Combustion Behavior in a Modernized Electronic Fuel Injection
Engine. Biomass Conversion and Biorefinery, 11, 885-893.
https://doi.org/10.1007/s13399-019-00519-w

Adamiec, E., Jarosz-Krzeminska, E. and Wieszata, R. (2016) Heavy Metals from Non-Ex-
haust Vehicle Emissions in Urban and Motorway Road Dusts. Environmental Monitor-
ing and Assessment, 188, Article No. 369.
https://doi.org/10.1007/s10661-016-5377-1

Talbi, A., Kerchich, Y., Kerbachi, R. and Boughedaoui, M. (2018) Assessment of An-
nual Air Pollution Levels with PM1, PM2.5, PM10 and Associated Heavy Metals in Al-
giers, Algeria. Environmental Pollution, 232, 252-263.
https://doi.org/10.1016/j.envpol.2017.09.041

Strumylaite, L., Kregzdyte, R., Bogusevicius, A., Poskiene, L., Baranauskiene, D. and
Pranys, D. (2019) Cadmium Exposure and Risk of Breast Cancer by Histological and
Tumor Receptor Subtype in White Caucasian Women: A Hospital-Based Case-Control
Study. International Journal of Molecular Sciences, 20, Article 3029.
https://doi.org/10.3390/ijms20123029

Roman, M.D., Niclis, C., Aballay, L.R., Lantieri, M.J., Diaz, M.D.P. and Muiioz, S.E.
(2018) Do Exposure to Arsenic, Occupation and Diet Have Synergistic Effects on Pros-
tate Cancer Risk? Asian Pacific Journal of Cancer Prevention, 19, 1495-1501.

Chang, W, Lee, C., Yen, Y. and Chen, H. (2018) Oxidative Damage in Patients with
Benign Prostatic Hyperplasia and Prostate Cancer Co-Exposed to Phthalates and to

Trace Elements. Environment International, 121, 1179-1184.
https://doi.org/10.1016/j.envint.2018.10.034

Nyqvist, F., Helmfrid, I., Augustsson, A. and Wingren, G. (2017) Increased Cancer
Incidence in the Local Population around Metal-Contaminated Glassworks Sites. Jour-
nal of Occupational & Environmental Medicine, 59, e84-e90.
https://doi.org/10.1097/jom.0000000000001003

Macedo, S., Teixeira, E., Gaspar, T.B., Boaventura, P., Soares, M.A., Miranda-Alves, L.,
et al. (2023) Endocrine-Disrupting Chemicals and Endocrine Neoplasia: A Forty-Year
Systematic Review. Environmental Research, 218, Article ID: 114869.
https://doi.org/10.1016/j.envres.2022.114869

Lacouture, A., Lafront, C., Peillex, C., Pelletier, M. and Audet-Walsh, E. (2022) Impacts
of Endocrine-Disrupting Chemicals on Prostate Function and Cancer. Environmental
Research, 204, Article ID: 112085. https://doi.org/10.1016/j.envres.2021.112085

Rubio, K., Hernandez-Cruz, E.Y., Rogel-Ayala, D.G., Sarvari, P., Isidoro, C., Barreto,
G., et al (2023) Nutriepigenomics in Environmental-Associated Oxidative Stress. An-
tioxidants, 12, Article 771. https://doi.org/10.3390/antiox12030771

Présidence du Faso (2001) Décret n02001-185/PRES/WMMEE portant fixation des
normes de rejel de polluants dans I’air, I'eau et le sol.

Quarma, I, Nana, B., Haro, K., Béré, A. and Koulidiati, J. (2020) Assessment of Pollu-
tion Levels of Suspended Particulate Matter on an Hourly and a Daily Time Scale in
West African Cities: Case Study of Ouagadougou (Burkina Faso). Journal of Geoscience
and Environment Protection, 8, 119-138. https://doi.org/10.4236/gep.2020.811007
Guissou, J.N., Baudrimont, I., Ouattara, A.K., Simpore, J. and Sakande, J. (2022) Cy-
totoxicity of Particulate Matter PMio Samples from Ouagadougou, Burkina Faso. Jour-
nal of Toxicology, 2022, 1-7. https://doi.org/10.1155/2022/1786810

DOI: 10.4236/jbm.2025.134031

391 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2025.134031
https://doi.org/10.1016/j.envpol.2005.10.028
https://doi.org/10.1007/s13399-019-00519-w
https://doi.org/10.1007/s10661-016-5377-1
https://doi.org/10.1016/j.envpol.2017.09.041
https://doi.org/10.3390/ijms20123029
https://doi.org/10.1016/j.envint.2018.10.034
https://doi.org/10.1097/jom.0000000000001003
https://doi.org/10.1016/j.envres.2022.114869
https://doi.org/10.1016/j.envres.2021.112085
https://doi.org/10.3390/antiox12030771
https://doi.org/10.4236/gep.2020.811007
https://doi.org/10.1155/2022/1786810

Z.). F.R. Tiégnan et al.

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

Ouédraogo, A.R., Ouedraogo, ].C.R.P., Ouoba, S., Ozoh, O.B., Traoré, A.N., Sourabié,
A, etal (2021) Short-Term Effects of Ambient air Pollution on Pediatric Hospital Visits
for Respiratory Diseases in Ouagadougou, Burkina Faso. Research Square, 2021, 1-19.
Zimmermann, C. and Reisberg, L. (2022) Mise en solution des matériaux avant ana-
lyse. Techniques d Analyse. https://doi.org/10.51257/a-v2-p222

Barnard, T.W., Ivaldi, J.C., Lundberg, P.L. and Yates, D.A. (1993) Limits of Detection.
The Perkin-Elmer Corporation.

Cazier, F.,, Dewaele, D., Delbende, A., Nouali, H., Garcon, G., Verdin, A., et al (2011)
Sampling Analysis and Characterization of Particles in the Atmosphere of Rural, Ur-

ban and Industrial Areas. Procedia Environmental Sciences, 4, 218-227.
https://doi.org/10.1016/j.proenv.2011.03.026

Raaschou-Nielsen, O., Andersen, Z.]., Hvidberg, M., Jensen, S.S., Ketzel, M., Seren-
sen, M., et al. (2011) Lung Cancer Incidence and Long-Term Exposure to Air Pollution
from Traffic. Environmental Health Perspectives, 119, 860-865.
https://doi.org/10.1289/ehp.1002353

Senlin, L., Zhenkun, Y., Xiaohui, C., Minghong, W., Guoying, S., Jiamo, F., et al (2008)
The Relationship between Physicochemical Characterization and the Potential Toxicity

of Fine Particulates (PM25) in Shanghai Atmosphere. Atmospheric Environment, 42,
7205-7214. https://doi.org/10.1016/j.atmosenv.2008.07.030

Koussé, ].N.D., Ilboudo, S., Ouédraogo, A.R., Ouédraogo, J.C.R.P., Hunsmann, M.,
Ouédraogo, G.G., et al. (2024) Pulmonary Function Assessment among Conventional

and Organic Cotton Farmers Exposed to Pesticides in the Central-West Region of
Burkina Faso. International Archives of Occupational and Environmental Health, 97,
681-693. https://doi.org/10.1007/s00420-024-02075-x

Vianna, N.A., Gongalves, D., Brandio, F., de Barros, R.P., Filho, G.M.A., Meire, R.O.,
et al (2010) Assessment of Heavy Metals in the Particulate Matter of Two Brazilian
Metropolitan Areas by Using Tillandsia Usneoides as Atmospheric Biomonitor. Envi-
ronmental Science and Pollution Research, 18, 416-427.
https://doi.org/10.1007/s11356-010-0387-y

Nanaa, B., Sanogob, O., Savadogoa, P., Dahoa, T., Boudad, M. and Koulidiatia, J. (2012)
Air Quality Study in Urban Centers: Case Study of Ouagadougou, Burkina Faso. FUTY
Journal of the Environment, 7, Article No. 19. https://doi.org/10.4314/fje.v7il.1

Lindén, J., Boman, J., Holmer, B., Thorsson, S. and Eliasson, I. (2012) Intra-Urban Air
Pollution in a Rapidly Growing Sahelian City. Environment International, 40, 51-62.
https://doi.org/10.1016/j.envint.2011.11.005

Ouédraogo, A.R., Ouédraogo, G., Assao Neino, M.M., Boncoungou, K., Zida, D., Maiga,
S., et al. (2018) Assessment of Asthma Control in Pulmonary Consultation in Ouaga-
dougou, Burkina Faso. African Journal of Respiratory Medicine, 14, 12-15.
https://www.africanjournalofrespiratorymedicine.com/articles/assessment-of-
asthma-control-in-pulmonary-consultation-in-ouagadougou-burkina-faso.pdf
Cheng, S. (2003) Heavy Metal Pollution in China: Origin, Pattern and Control. Environ-
mental Science and Pollution Research, 10, 192-198.
https://doi.org/10.1065/espr2002.11.141.1

Contini, D., Belosi, F., Gambaro, A., Cesari, D., Stortini, A.M. and Bove, M.C. (2012)
Comparison of PMio Concentrations and Metal Content in Three Different Sites of

the Venice Lagoon: An Analysis of Possible Aerosol Sources. Journal of Environmen-
tal Sciences, 24, 1954-1965. https://doi.org/10.1016/s1001-0742(11)61027-9

Nducol, N., Tchuente Siaka, Y.F., Younui Yakum-Ntaw, S., Saidou, Dika Manga, .,
Vardamides, J.C., et al. (2020) Ambient Air Particle Mass Concentrations in the Urban

DOI: 10.4236/jbm.2025.134031

392 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2025.134031
https://doi.org/10.51257/a-v2-p222
https://doi.org/10.1016/j.proenv.2011.03.026
https://doi.org/10.1289/ehp.1002353
https://doi.org/10.1016/j.atmosenv.2008.07.030
https://doi.org/10.1007/s00420-024-02075-x
https://doi.org/10.1007/s11356-010-0387-y
https://doi.org/10.4314/fje.v7i1.1
https://doi.org/10.1016/j.envint.2011.11.005
https://www.africanjournalofrespiratorymedicine.com/articles/assessment-of-asthma-control-in-pulmonary-consultation-in-ouagadougou-burkina-faso.pdf
https://www.africanjournalofrespiratorymedicine.com/articles/assessment-of-asthma-control-in-pulmonary-consultation-in-ouagadougou-burkina-faso.pdf
https://doi.org/10.1065/espr2002.11.141.1
https://doi.org/10.1016/s1001-0742(11)61027-9

Z.). F.R. Tiégnan et al.

[41]

(42]

(43]

(44]

(45]

[46]

(47]

(48]

(49]

(50]

(51]

(52]

(53]

(54]

Area of the Capital City of Yaoundé (Cameroon, Central Africa): Monthly and Seasonal
Behaviour. International Journal of Environmental Analytical Chemistry, 101, 2909-
2925. https://doi.org/10.1080/03067319.2020.1715378

Akinwumiju, A.S., Ajisafe, T. and Adelodun, A.A. (2021) Airborne Particulate Matter
Pollution in Akure Metro City, Southwestern Nigeria, West Africa: Attribution and Me-
teorological Influence. Journal of Geovisualization and Spatial Analysis, 5, Article No.
11. https://doi.org/10.1007/s41651-021-00079-6

Cachon, F.B., Cazier, F.,, Verdin, A., Dewaele, D., Genevray, P., Delbende, A., et al
(2023) Physicochemical Characterization of Air Pollution Particulate Matter (PMa.s
and PM.;s) in an Urban Area of Cotonou, Benin. Atmosphere, 14, Article 201.
https://doi.org/10.3390/atmos14020201

OCDE/FAO (2016) L’agriculture en Afrique subsaharienne: Perspectives et enjeux de
la décennie a venir, dans Perspectives agricoles de TOCDE et de la FAO 2016-2025.
Rahim, R., Samuel, D.F., Bowende, K., Appolinaire, Z. and Olivier, G. (2020) Evaluation
des risques liés aux pratiques phytosanitaires des producteurs maraichers et mise en

évidence de la résistance aux pesticides chez 'aleurode Bemisia tabaci (Hemiptera:
Aleyrodidae) au Burkina Faso, Afrique de 'ouest. Revue Africaine et Malgache de Re-
cherche Scientifiques, 8, 90-99.

Akoto, O., Azuure, A.A. and Adotey, K.D. (2016) Pesticide Residues in Water, Sediment
and Fish from Tono Reservoir and Their Health Risk Implications. Springer Plus.
Toe, A.M., Ouedraogo, M., Ouedraogo, R., Ilboudo, S. and Guissou, P.I. (2013) Pilot
Study on Agricultural Pesticide Poisoning in Burkina Faso. Interdisciplinary Toxicol-
0gy; 6, 185-191.

Benadda, B. (2002) Emissions Measurement and Metals Processing in Smokes. The
Case of Cadmium, Mercury and Lead-State-of-the-Art.
https://inis.iaea.org/records/mn22x-dvt04

Kafando, B., Savadogo, P.W., Millogo, T., Sana, A., Kouanda, S. and Sondo, B. (2018)
Indoor Air Pollution and Acute Respiratory Infection Prevalence in Infants in Ouaga-
dougou. Sante Publique (Paris), 30, 575-586.

Sana, A., Meda, N., Badoum, G., Kafando, B. and Bouland, C. (2019) Primary Cooking
Fuel Choice and Respiratory Health Outcomes among Women in Charge of Household
Cooking in Ouagadougou, Burkina Faso: Cross-Sectional Study. International Journal
of Environmental Research and Public Health, 16, Article 1040.

Meghji, J., Mortimer, K., Agusti, A., Allwood, B.W., Asher, I, Bateman, E.D., etal (2021)
Improving Lung Health in Low-Income and Middle-Income Countries: From Challenges
to Solutions. The Lancet, 397, 928-940.
http://dx.doi.org/10.1016/50140-6736(21)00458-X

Ahmed, R., Robinson, R. and Mortimer, K. (2017) The Epidemiology of Noncommuni-
cable Respiratory Disease in Sub-Saharan Africa, the Middle East, and North Africa.
Malawi Medical Journal, 29, Article 203. https://doi.org/10.4314/mmj.v29i2.24

Koussé, ].N.D., Ilboudo, S., Ouédraogo, J.C.R.P., Hunsmann, M., Ouédraogo, G.G.,,
Ouédraogo, M., et al. (2023) Self-Reported Health Effects of Pesticides among Cotton
Farmers from the Central-West Region in Burkina Faso. Toxicology Reports, 11, 273-
282. https://doi.org/10.1016/j.toxrep.2023.09.011

Tarmure, S., Alexescu, T., Orasan, O., Negrean, V., Sitar-Taut, A., Coste, S., et al. (2020)
Influence of Pesticides on Respiratory Pathology—A Literature Review. Annals of Ag-
ricultural and Environmental Medicine, 27, 194-200.
https://doi.org/10.26444/aaem/121899

Katoto, P.D.M.C., Byamungu, L., Brand, A.S., Mokaya, J., Strijdom, H., Goswami, N.,

DOI: 10.4236/jbm.2025.134031

393 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2025.134031
https://doi.org/10.1080/03067319.2020.1715378
https://doi.org/10.1007/s41651-021-00079-6
https://doi.org/10.3390/atmos14020201
https://inis.iaea.org/records/mn22x-dvt04
http://dx.doi.org/10.1016/S0140-6736(21)00458-X
https://doi.org/10.4314/mmj.v29i2.24
https://doi.org/10.1016/j.toxrep.2023.09.011
https://doi.org/10.26444/aaem/121899

Z.). F.R. Tiégnan et al.

(55]

(56]

(57]

(58]

(59]

(60]

etal (2019) Ambient Air Pollution and Health in Sub-Saharan Africa: Current Evidence,
Perspectives and a Call to Action. Environmental Research, 173, 174-188.
https://doi.org/10.1016/j.envres.2019.03.029

Ouédraogo Yugbaré, S.O., Ouédraogo, R., Nenebi, A., Traoré, B., Congo, L., Yonli, F.,
et al. (2016) Infections a virus respiratoire syncytial (VRS) au CHU pédiatrique Charles
de Gaulle de Ouagadougou, Burkina Faso. Bulletin de la Société de Pathologie Exotique,
109, 20-25. https://doi.org/10.1007/s13149-016-0473-6

Tall, F., Valian, A., Curtis, V., Traore, A., Nacro, B., Cousens, S., ef al (1994) Acute

Respiratory Infections in Pediatric Hospital at Bobo-Dioulasso (Burkina Faso). Archives
de Pédjatrie, 1, 249-254.

Liu, L., Johnson, H.L., Cousens, S., Perin, J., Scott, S., Lawn, J.E., et al (2012) Global,
Regional, and National Causes of Child Mortality: An Updated Systematic Analysis for
2010 with Time Trends since 2000. The Lancet, 379, 2151-2161.
https://doi.org/10.1016/s0140-6736(12)60560-1

Ouédraogo, S., Traoré, B., Nene Bi, Z.A.B., Yonli, F.T., Kima, D., Bonané, P., et al
(2014) Viral Etiology of Respiratory Tract Infections in Children at the Pediatric Hos-
pital in Ouagadougou (Burkina Faso). PLOS ONE, 9, e110435.
https://doi.org/10.1371/journal.pone.0110435

Hinson, A.V., Adjobimey, M., Ouedraogo, A.R., Ibrahima, A.H., Mikponhoue, R.,
Aguemon, B,, et al. (2022) Respiratory Disorders and Associated Factors among Work-
ers in the Cotton Textile Industry in Ouagadougou, Burkina Faso. Safety and Health

at Work, 13, S205. https://doi.org/10.1016/j.shaw.2021.12.1392

Ouedraogo, AR, Sanyu, I, Nqwata, L., Amare, E., Gordon, S., Ardrey, J., et al (2021)
Knowledge, Attitudes, and Practice about Bronchiectasis among General Practition-

ers in Four African Cities. Journal of the Pan African Thoracic Society, 2, 94-100.
https://doi.org/10.25259/jpats 5 2021

DOI: 10.4236/jbm.2025.134031

394 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2025.134031
https://doi.org/10.1016/j.envres.2019.03.029
https://doi.org/10.1007/s13149-016-0473-6
https://doi.org/10.1016/s0140-6736(12)60560-1
https://doi.org/10.1371/journal.pone.0110435
https://doi.org/10.1016/j.shaw.2021.12.1392
https://doi.org/10.25259/jpats_5_2021

	Adverse Health Effects of Level Heavy Metal Exposure in Ambient Air in Burkina Faso, West Africa
	Abstract
	Keywords
	1. Introduction
	2. Methodology
	2.1. Study Area
	2.2. Sampling and Data Collection
	2.3. Survey
	2.4. Ethical Approval
	2.5. Samples Analysis

	3. Results
	3.1. Socio-Demographic Characteristics
	3.2. Inventory of the Various Industries in the Industrial Area at Two Major Towns
	3.3. Daily Concentrations of Heavy Metals in Ambient Air at Two Major Towns
	3.4. 48-Hour Concentrations of Heavy Metals in Ambient Air at Two Major Towns
	3.5. 72-Hour Concentrations of Heavy Metals in Ambient Air at Two Major Towns
	3.6. Weekly Concentrations of Heavy Metals in Ambient Air at Two Major Towns
	3.7. Risk Factors
	3.8. Medical History

	4. Discussion
	4.1. Socio-Demographic Characteristics
	4.2. Inventory of the Various Industries in the Industrial Area at Two Major Towns
	4.3. Daily Concentrations of Heavy Metals in Ambient Air at Two Major Towns
	4.4. 48-Hour Concentrations of Heavy Metals in Ambient Air at Two Major Towns
	4.5. 72-Hour Concentrations of Heavy Metals in Ambient Air at Two Major Towns
	4.6. Weekly Concentrations of Heavy Metals in Ambient Air at Two Major Towns
	4.7. Risk Factors
	4.8. Medical History

	5. Conclusions
	Acknowledgements
	Data Availability
	Authors’ Contributions
	Conflicts of Interest
	References

