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Abstract

Black carbon is one of the primary aerosols directly emitted from biomass
known to have strong absorbing properties. The INDAAF and PASMU ob-
servational field campaigns which took place (2018) in Abidjan (urban area)
and Lamto (rural area) allow the analysis of Black carbon concentration at
different time scales through real-time measurements using an analyzer
named Aethalometer AE-33. Results presented here show at Lamto: 1) for the
diurnal scale an average of 1.71 + 0.3 pg:m™ (0.34 * 0.09 ug'm™) in the dry
(wet) season; 2) for the monthly scale an average of 1.14 + 0.84 pg-m™; 3) on
the seasonal scale, an average of 2.2 + 0.02 pug:m™ (0.6 = 0.19 ug-m™) in the
dry (wet) season. The black carbon variation at Lamto is seasonal with an
amplification factor of 85.6. Regarding the urban area of Abidjan, due to
sampling issues, our analyses were limited to daily, diurnal and weekly time
scales. We observed: a) at a daily scale an average of 5.31.% 2.5 pg-m~, b) di-
urnal scale, an average ranging from 6.87 to 13.92 pg-m. The analysis indi-
cated that emissions from urban areas are more related to social and eco-
nomic activities, with weekday concentrations (7.24 pg-m™) higher than con-
centrations over the weekend (e.g. Saturday 6.59 pg-m~ and Sunday 6.00
pg-m™). Moreover, BC concentration in Abidjan is quite noticeable compared
to that of rural areas (Lamto). The ratio between the maximum values of the
two areas is of the order of 5.86. In addition, concentrations in some urban
areas are slightly above the daily threshold set by the WHO (10 pg-m™).
Therefore, the levels of urban BC concentrations are alarming whilst rural BC
concentrations remain below daily WHO thresholds and are of the same
magnitude as those of West African megacities. This study underlies that BC
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concentrations at Lamto are mainly related to biomass combustion sources
while those from urban areas are related to traffic sources. The latter is per-
manently active, unlike those in rural Lamto, which is seasonal.

Keywords

Carbonaceous Aerosols, Black Carbon, Source Apportionment, Fossil Fuel,
Biomass Burning

1. Introduction

Black carbon (BC), is a component of atmospheric particulate matter (PM) and
is described as a solid pure carbon material formed during combustion. It is
emitted during the incomplete combustion of fossil fuels, and biomass burning
[1] and absorbs at all wavelengths of solar radiation [2]. It is usually co-emitted
with other organic matter. The interest in Black carbon comes from its climatic,
environmental and health implications [3]. Indeed, BC contributes significantly
to climate change by absorbing incoming solar radiation and has a strong ab-
sorption capacity of short-wave radiation. Thus it increases atmospheric warm-
ing, alters atmospheric stability and affects clouds by modifying the hygrosco-
picity of cloud condensation nuclei [4]. As far as BC is concerned, it may have a
net warming impact, while other aerosols (e nitrates, sulfates, organic carbon,
etc.) may have a cooling effect [2]. BC directly influences the global radiation
balance, and has a lifetime ranging from 1 week to 10 days in the absence of pre-
cipitation and is therefore conducive to long-range transport [5]. BC particles
also have adverse health effects [6]. The very small size of BC (PM 2.5) allows
access to the finest lung branches (alveoli). Though uncertainties remain on the
toxicity of the graphitized carbon core, it serves as a vector for organic and me-
tallic compounds that have proven health effects [7].

Globally, about 20% of black carbon is emitted from the combustion of biofu-
els, 40% from fossil fuels and 40% from open-burning biomass [8]. It is therefore
essential to study the characteristics of black carbon, in order to evaluate its ra-
diative properties and quantify its contribution to atmospheric pollution in dif-
ferent regions. For instance, in Africa, urban air pollution is a major issue, espe-
cially in regions with high population monitoring atmospheric pollution and air
quality remains a priority for the scientific community in the context of envi-
ronmental preservation in order to implement measures for reducing the emis-
sion of atmospheric pollutants. Many studies have analyzed atmospheric BC and
its impacts on household air pollution and human health in Asia [9] [10] [11]
[12] [13], in Latin America [14] [15] [16] and in Africa [17] [18].

Moreover, airborne measurements were made during the international ob-
servation network IDAF in 1994 which is part of the international Global At-
mospheric Chemistry Deposition of Biogeochemically Important Trace Species
(IGAC-DEBITS-Africa) project. Later in 2016, the IDAF became INDAAF and
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monitors atmospheric composition over Africa on a long-term basis.

In addition, research studies on rainfall chemistry, atmospheric pollutants and
deposition fluxes at the scale of African ecosystems have been carried out to this
effect ([19] [20] [21] [22]). In collaboration with other programs (POLCA,
DACCIWA) experimental studies have been realized in West African capitals ci-
ties ([23] [24] [25] [26]). Recently, a program named PASMU (Air Pollution and
Health in Urban Environments) was established to study air pollution in two
urban areas in Cote d’Ivoire (Abidjan and Korhogo) and its related health im-
pact on health.

This present work is part of the PASMU project (urban area) and the INDAAF
network (rural area). It focuses on measurements of BC concentrations carried
out using the Aethalometer AE33 (Magee Scientific, USA).

The main purpose of this study is to analyze variations of BC concentration at
different spatio-temporal scale and compare concentration levels between rural
and urban sites. Here, aerosol BC content was investigated for two typical re-
gions and measured from 2015 to 2017 in the rural area of Lamto, and the urban
area of Abidjan. The latter is growing rapidly towards a megacity. Spatial-temporal
variations of BC concentrations were analyzed and discussed as well as their po-
tential sources, which might be are helpful to understand the impact of BC on

air quality, human health and climate change.

2. Methodology

2.1. Measurement Sites

The sites of our study concern one of the INDAAF network measurement site of
Lamto (rural area) and one PASMU project site, Abidjan (urban site). The for-
mer represents a savannah ecosystem and has one of the most important scien-
tific databases. It is a geophysical station and also a measurement site of the
INDAAF network, located at 160 km north of Abidjan city, which geographical
coordinates are: Latitude 6°13' North, 5°02' West Longitude 5°02' West and at
altitude of 105 m. The reserve has an area of about 2500 ha. of savannah and
gallery forest, along the Bandama River. The region is characterized by four sea-
sons, e.g two dry and two wet seasons [27]. The dry season expends from No-
vember to February, while the wet season stretches from March to October.
During the wet season, moisture-laden oceanic air masses carry various species
of marine aerosols to this rural area [19]. In addition, throughout the dry season,
terrigenous particles and various species from combustion processes (savannah
fires, open burning) are carried by the Harmattan. The mean annual rainfall
amount is about 1212 mm. For instance, the amount of rainfall collected in 2014
and 2007 are respective 991.9 mm and 1586.2 mm. As Lamto is a geophysical
site, several climate parameters are measured, the daily database covers 50 years,
from 1962 to 2011.

The second site is Abidjan city, the economic capital of Cote d’Ivoire, located
in the south of the country in the Guinean Gulf between 5°00' and 5°30' North
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latitude, and 3°50' and 4°10' West longitude. It covers an area of approximately
57,735 ha [28]. This city is considered as a cultural crossroads and has expe-
rienced rapid economic growth and high immigration in recent years. Its popu-
lation is estimated at more than 7404 million inhabitants (RGPH, 2014), ie
20.8% of the total population in Cote d’Ivoire (INS, 2015). As a result, Abidjan is
facing numerous anthropogenic emissions, due to the galloping demography
and rapid urbanization. The area is characterized by a warm and humid
sub-equatorial climate, with two alternating rainy and dry seasons. On the West
African coasts, there is an alternation of the climatic profile, which is due to the
passage of the inter tropical front [29] [30]. As a result, the seasonal climatic
profile of Abidjan is a reflection of this alternation. Indeed, the climate is
sub-equatorial, and defined by four major seasons: the great dry season (De-
cember to March), the great rainy season (April to July); the small dry season,

(August to September); the small rainy season (October to November).

2.2. Measurements and Instrumentation

The sampling of aerosol Black Carbon PM2.5 mass concentrations is carried out
continuously at the Lamto site using the 7 wavelength Aethalometer (model
AE-33). The instrument measures the optical attenuation or absorbance of light
from LED lamps at seven wavelengths (370, 470, 520, 590, 660, 880 and 950 nm)
[31] [32]. The principle of black carbon determination assumes that all light ab-
sorbing materials are composed of BC. The effective attenuation specific mass,
“ATN’ of the Aethalometer used for the determination of BC concentration is
14.625/A(in m*g™"), as recommended by the manufacturer. The uncertainty of
the Aethalometer indicated by the manufacturer is 5.0% [33] [34]. To account
for the “shadowing” effect due to the filter loading (decrease in the sensitivity of
the Aethalometer), a loading correction, “R” (ATN) was performed [35]. In or-
der to avoid the effect of humidity on the Aethalometer measurements, the
aerosol is pre-dried (less than 40% RRH) by diffusion before detection. Previous
studies have shown that some organic aerosols from wood combustion have ab-
sorption peaks at wavelengths of 370 nm compared to 880 nm [36]. Attenuation
coefficients of 15.4, 16.6, 22.2, 24.8, 28.1, 31.1, and 39.5 m*g™' were used for the
950, 880, 660, 590, 520, 470 and 370 nm wavelength respectively, as recom-
mended by the manufacturer. Consequently, a difference between BC measured
at 370 and 880 nm channels can provide useful information on potential BC
sources, which can be used as a qualitative indicator, especially for wood smoke
particles from local wood combustion sources [37] [38]. However, in order to
find the total BC concentration, the wavelength of 880 nm was used in the
present study as it has also been used in other studies [39], although, some stu-
dies have underlined the need and importance of additional corrections for in-
strumental artifacts and dust absorption [40].

The data were sampled from January 2015 to May 2017 with a frequency of 30

minutes in the wet season and 10 minutes for the dry season, at the Lamto site.
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Concerning the urban site in Abidjan, the Aethalometer was installed at Cocody,
at the University Felix Houphouét Boigny. It is worthy to note that Cocody is a
residential area, with some few schools and academic institutions. For Abidjan,
the Aethalometer was installed at Cocody on a site of the University Felix Hou-
phouét Boigny. It should be remembered that Cocody is a residential area, with a
few schools and academic institutions. The measurement protocol developed al-
lowed us to have a database from July 2018 to January 2020. It is important to
mention that some technical problems occurred with the Aethalometer due to

sampling conditions, and therefore we have discontinuities in the database.

3. Results and Discussion
3.1. Rural Area

3.1.1. BC Diurnal Variations

BC diurnal variations were investigated by calculating daily average of BC con-
centrations for each month. Figure 1 shows its variation for a daily average of a
dry and wet season. The analysis shows that BC concentrations vary from 1.25 to
2.70 pg-m~>, in the dry season (D.S) while they are lower than 0.60 ug-m™ in wet
season (W.S). The variation factor is about six times higher than those of wet
season. The diurnal BC concentrations in the dry season show quite noticeable
variations. Indeed, from 0 AM to 7 AM, BC concentrations oscillate around 1.5
pg-m~>. From 7:00 AM onward, the concentration increases to a maximum value
of 2.70 pg-m~ around 1:30 pm, followed by a gradual decrease until 9 PM where
it reaches 1.5 pg:m™ and stays constant throughout the night so, the diurnal
cycle resumes. There is a significant variation in the diurnal evolution which

could be related to two situations:
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Figure 1. Average daytime concentrations of BC in Lamto DS: dry season, WS:
wet season.
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e Local anthropogenic activities linked to agricultural. In fact, the sharp in-
crease of BC concentration starts at 7 AM, until about 2 PM and then de-
creases until late evening (7 PM). This behavior corresponds to the beginning
and end of the daily agricultural activities. The peak concentration observed
at 01:30 PM corresponds to the time of setting fire to the agricultural plots. It
also coincided with the time of biomass burning and charcoal production ac-
tivities increase in the areas surrounding the reserve. On one hand, at this
particular time, air temperature is at its maximum thus, facilitating the com-
bustion. On the other hand, high air temperature combined with the increase
of boundary layer height which induces aerosol particle vertical dispersion.
The period from 5 PM to 7 PM matches the time when the fires are extin-
guished after the farmers have left. Moreover, the peak observed at 8:00 PM
could be justified by emissions from domestic activities, such as wood burn-
ing (e.g. for cooking purposes), nightly wood fires around the reserve.

e Climatic parameters, indeed, during the dry season, air temperatures are
quite high and humidity is low. This leads to frequent emission of BC through
processes such as bush fires, wood fires, etc.

During the wet season, aerosol wet deposition occurs frequently, which lead to
low atmospheric concentration of BC (0.5 pg-m™) at all time during the day.
Atmospheric variation of BC concentration during this period remains not mea-
ningful. However, a maximum value of 0.56 ug-m™ is reached around 6:00 PM
which could be attributed to domestic activities in the neighboring villages as

shown in Table 1.

3.1.2. Monthly Variations
The monthly variations of BC concentrations from January 2015 to May 2017,
are presented in Figure 2. Nevertheless, discontinuities were observed in the da-
ta, for the period of April 2017 and June to December 2017, which is mainly due
to maintenance of the Aethalometer. Over the study period, monthly BC con-
centrations vary from 0.046 pg-m~ (August 2015) to 3.942 pug-m~ (December
2015) with an average of 1.141 + 0.84 pg-m™.

At Lamto, the dry season covers the months from November to February and
the wet season extends from March to October. BC concentrations decrease
from January to March; and then show lowest values from April to September

and increase again during dry month from October to December. The highest

Table 1. Diurnal concentration of BC: minimum (Min), maximum (Max) and average
(Avg) for dry (DS) and wet (WS) seasons (2016).

BC concentration in pg:m™

DS WS
Min 1.31 Min 0.21
Diurnal Max 2.69 Max 0.56
Avg 1.79£0.3 Avg 0.34 £ 0.09
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B Lamto Black Carbon

Concentrations in (ug. m~3)

Figure 2. Monthly BC concentrations at Lamto, from 2015 to 2017.

monthly concentration values are recorded during the dry season: the peak value
appears in December 2015 (3.942 pug-m™).

The minimum values are rather obtained during the wet season with value of
0.046 pg-m~ in August 2015. The ratio Max/Min of BC concentrations over this
period is 85.6. The variation of BC concentrations is more pronounced during
the dry season, as the monthly peaks are reached at this period of the year (No-
vember to February). Figure 3 presents the seasonal cycle of BC concentration
in Lamto, from 2015 to 2017 and their average over the period. The annual cycle
of BC is similar from one year to another.

Over the study period, the results obtained indicate maximum values from

November to February corresponding to the peak of BC emitted by biomass
burning fires at this period, the lowest values are observed during the wet season
(March-October), except for the month of July, which shows a peak. This second
peak corresponds to the effect of the little dry season, which is highlighted by an
increase of airborne particles. The monthly BC average (2015-2017) pattern is
similar for each year from 2015 to 2017.

The minimum values are obtained during the wet season (April-October) and
the highest concentrations, during the dry season. The average monthly concen-
trations in Lamto over the study period range from 0.30 to 3.41 pg-m™ respec-

tively in September and December.

3.1.3. Seasonal Variations

The seasonal variations of BC concentrations over the study period are pre-
sented in Figure 4. For the dry season, the BC concentration levels obtained are
almost of the same order of magnitude 2.23 pug:m™ to 2.27 pg-m~ from 2015 to
2017. From January 2015 to May 2017, the average concentration of BC corres-
ponding to the dry season is 2.26 + 0.02 pg-m™.

Regarding the wet season, fluctuations over the period are significant from
2015 to 2016. BC concentrations vary from 0.28 pg-m™ in 2015 to 0.72 pg:m™ in
2017 with an average of 0.57 + 0.19 pg-m~ over the period of interest. The at-
mospheric BC concentration levels at Lamto are higher during the dry season

compared to the wet season. One reason could be emissions from biomass fires
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Lamto Black Carbon
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Figure 3. Seasonal cycle of BC concentrations and averaged over the period (2015-2017)
in Lamto.
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Figure 4. Seasonal BC concentrations in Lamto, from 2015 to 2017.

in this area [41].

Indeed, it is well documented that in humid tropical forest areas, the presence
of carbonaceous particles in the atmosphere is generally linked to emissions
from biomass fires and domestic fires. In addition, in rural areas, agricultural
practices such as shifting cultivation and the preparation of agricultural land
through burning are practices linked to human activities. Biomass fires appear
important during the dry season, as they allow for the preparation of cultivable
land (clearing) before cultivation. “Reference” [42] showed that in the savanna
zone about 80% of the land is burnt during the dry season, thus influencing
concentration levels.

Moreover, domestic cooking fires contributes to the release of BC into the
atmosphere as they represent the burning of wood and charcoal, which are used
as a means of energy production (e.g. cooking, heating, etc.) in neighboring vil-
lages around Lamto. During the wet season, BC concentrations are low, e.g. 0.7
pg-m~ and 0.3 pg-m™ in 2016, and 2015 respectively. The latter result could be
explained by the phenomenon of leaching which induces a substantial deposi-
tion of atmospheric particles. The agricultural practices at this period oriented
towards sowing and harvesting, rather than burning of fields, could also justify
the low concentrations of BC. However, it should be noted that the order of
magnitude of BC concentrations in the wet season of 2015 is the lowest com-

pared to others. The justification could be that the rainy season in 2015, was ab-
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undant, or extended compared to years 2016 and 2017 at the Lamto as shown in
Table 2.

For Lamto rural area we have an average of 2.2 pg-m’ in the dry season and
0.6 pg-m™’ in the wet season, over the study period. These results are similar to
those obtained by Ouafo Mendo-Leumbe et al (2018) [43], 1.7 and 0.8 pg:m™
for the dry and wet seasons respectively during cases studies conducted from
2005 to 2009 in Djougou (Benin). The average BC concentration obtained dur-
ing the dry season also corroborates with the observed BC concentration from
the FOS-DECAFE campaign in 1991, (1.9 pg-m™), by [44]. Nevertheless, it is
worth noting that the values obtained in Lamto are slightly higher than those of
Djougou. This confirms the wetter character of the Lamto savannah, compared

to Djougou.

3.2. Urban Area

3.2.1. Daily Variations
Daily variation of BC concentrations in Abidjan from 01 July 2018 to 27 January
2020, are presented in Figure 5. BC concentrations are ranging from 0.83 pg.m”
(August 2018) to 14.56 pug-m™ in (January 2020), with an average concentration
over the period of 5.31 + 2.5 ug-m. The concentrations decrease progressively
from July to August 2018 (14.07 ug:m™ to 0.83 pug-m~) then increase from Oc-
tober to January during dry season. Despite the atmospheric washout induced by
the intense rainfall in July, this month shows high concentrations of BC, with
peaks of 12 and 14 pg-m~, as in the dry seasons of December and January. This
finding implies that atmospheric BC emissions in urban areas are not governed
by seasonality, but rather impacted by anthropogenic sources.

The low concentration values in August are firstly due to a decrease in road

traffic during this period which corresponds to school holidays. Secondly, it

Table 2. Annual and seasonal BC concentrations in Lamto (2015-2017): minimum (Min),
maximum (Max) and Average (Avg).

BC concentration in pg:m™

D.S W.S Average

Min 0.77 Min 0.04

2015 Max 3.94 Max 0.42 0.95+0.18
Avg 2.27 Avg 0.28
Min 0.4 Min 0.43

2016 Max 1.02 Max 1.12 1.21+£0.77
Avg 0.73 Avg 0.73
Min 1.56 Min 0.4

2017 Max 2.96 Max 1.02 1.5+0.77
Avg 2.27 Avg 0.73
Min 2.23 Min 0.28

2015-2017 Max 2.27 Max 0.73 1.2+0.18

Avg 2.2+0.02 Avg 0.6 +0.19
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Time series variation of BC at lamto
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Figure 5. Times series variation of BC concentration at Abidjan from 2018 to 2020.

could be attributed to the low air temperatures experienced by the city of Abid-
jan during this period. In fact, these low air temperatures are related by the coo-
ler ocean surface temperatures (SST) over the Gulf of Guinea coasts during this
period. Indeed, these low temperatures do not favor combustion processes such
as the combustion of waste, occurring around the site. However, the relatively
high concentration levels in July, observed in the middle of the rainy season, can
be justified by fairly high traffic emissions. Obviously, the decrease of BC con-
centration level after mid-July could be linked to a decrease in road traffic re-
lated to the period of major holidays. Actually, compared to biomass combus-
tion, fossil fuels are the major sources of BC release during the wet season com-
pare in to the dry season [45].

3.2.2. Weekly Variations
High BC concentrations in urban areas imply that anthropogenic activities are
the major source of emissions. In order to justify our hypothesis, we analyzed
the diurnal variation of urban BC concentrations according to days of the week.
The diurnal concentrations of BC were averaged from Monday to Friday in or-
der to distinguish the evolution of daytime concentrations between working
days and weekend (e.g. Saturday and Sunday). The idea behind is to highlight
that BC emissions are modulated by socioeconomic activities. The diurnal varia-
tion of BC concentrations on weekdays and weekend is presented in Figure 6.
The weekdays are averaged over two months

The analysis showed a rather similar pattern of diurnal BC concentrations for
all the weekdays from Monday to Friday, and for Saturday, with the exception of
Sunday. During the week, BC concentrations increase progressively in the early
morning from 5 to 8 AM with values ranging from 7.11 to 14.00 pg-m>, then
decrease until 12 PM to reach values of approximately 5.77 pg-m™, and remain
almost constant from this time until 4 PM. Then concentrations rise again until
around 9 PM before dropping back to around 5.98 ug-m™ at midnight. The low-
est values on weekdays are obtained between noon and 4 PM. This peak ob-

served at 7 AM suggests that there is a correlation between traffic source and BC
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Black Carbon of Abidjan Urban area
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Figure 6. Diurnal concentrations of BC for week-days (Monday to Friday) and weekend,
in Abidjan.

emissions.

Indeed, in the early morning, the main traffic source intensifies due to work-
ing hours. To addition to this phenom the stability of the boundary layer (low
surface temperature in the mornings) prevents the dispersion of BC (local pollu-
tion). The increasing concentrations from 4 PM afterwards could be due to the
hours during which people return back from works, thus by the return home
characterized by heavy road traffic. The high values observed at night (7 - 9 PM)
can be attributed to certain factors. Particularly at this time, domestic fire occurs
at home for cooking purposes (e.g. a large part of the population uses charcoal
for cooking). Traffic sources are also important at night. The concentrations
drop from 0 AM to about 4 AM, highlighting the end of some emitting activities
and a considerable decrease in car road traffic.

We note that the diurnal evolution of BC for Saturday has the same trend as
the average for working days (Monday to Friday). There is a time lag between
the peaks of 14.00 ug-m™>, (at 7 AM) for the working days, against 12.00 pg-m™>,
(at 8 AM) Saturday. As far as traffic-related BC emissions is concerned, this
could implies that on Saturdays fewer people go out and they dont go out early
as on weekdays From 5 PM to 10 PM, BC concentrations on Saturdays (6.60 to
7.90 pg-m™) are higher than those observed on weekdays (from 6.00 to 7.58
pg-m~) and Sundays (from 4.90 to 6.69 ug-m™).

In fact, there is a weekend effect characterized by the massive outflow of
people (road traffic), night-time sales (wood burning, charcoal burning).

The evolution of BC concentrations on Sundays shows rather low concentra-
tion levels and a different pattern (between 5.82 and 7.50 ug-m~) compared to
those obtained on weekdays (between 8.78 and 13.92 pg:m™) and Saturdays
(6.98 and 11.83 pg-m™). This could be explained by a decrease in work activities
during the weekend, which is even more pronounced.

Similar results were found by [45] in the city of Bamako, Table 3 presents
comparison between this study and the latter. Indeed the diurnal concentrations
of BC during working days and weekends were respectively 30 pg-m~ and 10
pg-m~>, with peak values obtained between 6 AM and 9 AM. Compared to this

DOI: 10.4236/jep.2021.1211050

865 Journal of Environmental Protection


https://doi.org/10.4236/jep.2021.1211050

A. A. Kouassi et al.

Table 3. Diurnal concentrations of BC for week-days (Monday to Friday) and weekend,
in Abidjan.

BC concentration (ug'm™)
References
Week-day Weekend
Doumbia et al, 2012 [45] 30 10
This study 13.92 11.83

study results obtained on weekends are of the same order of magnitude, whereas
the urban BC concentrations in Bamako during working days are about 2 times

higher.

3.3. Comparison of Rural and Urban Areas

At Lamto, the variability of diurnal BC concentrations is rather low during dry
season with a maximum concentration of 2.69 pg-m™ (6 PM) and a minimum of
1.31 pg'm™ (6:30 AM). During the wet season, the variability of BC concentra-
tions is almost non-existent (very low), with a maximum of 0.56 ug'm™ and a
minimum of 0.21 ug:m~ (3 AM). In urban areas (i.e. Abidjan), variations of di-
urnal concentrations of BC are quite significant. A maximum of 15.77 (at 7 AM)
and a minimum of 3.85 pg-m~ (at 4 PM) were observed. The variability of BC
concentrations in Abidjan is quite noticeable compared to that observed in rural
areas (Lamto).

In addition, our analyses revealed that the BC concentrations in Lamto are
lower than those of Abidjan. Indeed, at the diurnal scale, the lowest value rec-
orded in Abidjan (3.85 pug-m™) is higher than the maximum value obtained in
Lamto.

The ratio between the maximum values is of the order of 5.86. We also note
that the emission sources in urban areas are permanently active, whereas those
in rural areas, are rather linked to the seasonality of the area of interest. For in-
stance, emission sources are more active in the dry season than in the wet sea-
son. Moreover, BC concentrations of Abidjan are of the same order as those ob-
tained in Bamako (weekend) and about half of that on weekdays [45]. Some ur-
ban concentrations are however, slightly above the daily standard set by the
WHO (10 pg-m™).

As a result, the levels of urban BC concentrations are alarming in contrast to
rural areas, where levels remain below international daily WHO standards.

Our findings once again, underline the anthropogenic activities influence on
the chemical composition of the atmosphere and air quality, particularly in large
African urban centers, amplified by rapid population growth and poorly planned
urbanization. Table 4 shows BC concentration for our study compared to lite-
rature for metropolises in West Africa, Asia and Europe. We have distinguished
between urban and rural pollution.

Values from this study are in the same order of magnitude than those ob-

tained in some African rural sites during intense winter biomass burning periods
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Table 4. Comparison of average BC concentrations measured in different regions.

Location Period BC (pgm™) References
’é:::ian Moy jul18Jan.20  531£25 Thisstudy

Dakar Senegal Jun. 08-Jul. 09 5.7+ 1.4 Doumbia et al, 2012 [45]
Bamako. Mali Apr. 2008 19.2 £8.9 Doumbia et al, 2012 [45]
Cotonou. Benin May. 2005 4.9+3.9 Doumbia etal, 2012 [45]
Yaounde.

Urban  Cameroon Jun.-Jul. 2004 49+3.9 Doumbia etal, 2012 [45]

Ruellan and Cachier, 2001

Paris. France Aug.-Oct. 97 10-20
(49]
. . Balasubramanian et al.,
Singapore. Asia Jan.-Dec. 2000 3-14
2003 [47]
Kanpur. India Dec. 2004 12.3 Tripathi et al, 2005 [48]

Karachi. Pakistan  Apr. 06-Apr. 07 2-15 Vincent et al, 2009 [46]

Lamto. Ivory Coast Jan. 91 0.4-3.9  This study

Lamto. Ivory Coast Jan. 91 34+1.1 Cachier etal, 1995 [50]
Rural Djougou. Benin Dec. 05-Feb. 06 0.4-82 Liousse etal, 2010 [51]

Banizoumbou Dec. 04-Nov. 05 0.4-1.6 Liousse etal, 2010 [51]

such as Dakar, Cotonou, Yaounde but remains below those from Bamako ac-
cording to [45]. According to study of [46], our results remain well below of
thoses of Asian metropolises, in Karachi, Pakistan, [47] in Singapore, and [48]
(Tripath et al), in Kampur. In Europe, the results of [49] at Marylebone, in
London and those of [50] in Paris present values largely above those from this
study. It is worthy to point out the contribution of industrial pollution in the
above-mentioned studies, in contrast to that of Abidjan which does not have the
same industrial level as these metropolises. In rural areas, the results of our study
are consistent with those of [51] in Lamto, but are above those of Banizoumou in
the forest, and below that of Djougou during dry savanna [52].

This result in the rural area is expected, as Lamto is a humid savannah type
ecosystem, intermediate between the forest (Banizoumou) and dry savannah
(Djougou) ecosystems. Knowing that the sources of BC in rural areas are mostly
related to the combustion of biomass (dry), the BC emissions values of Lamto

are therefore between those of Banizoumou and Djougou.

4. Conclusions

Within the framework of the international INDAAF program (rural areas), a
network of observing and monitoring atmospheric composition in tropical
Africa, and the PASMU project, this work enabled us to analyze the levels of at-

mospheric Black Carbon concentrations in Lamto and Abidjan.
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The highest values of monthly concentrations were observed during the dry
season, and the lowest during, the wet season with an average of 1.14 + 0.84
pg-m™. The seasonal average of BC concentrations ranges from 2.23 to 2.27
pg-m~ and 0.28 to 0.73 pg-m™’ in the dry and wet seasons respectively. The vari-
ations of BC concentrations show high values in the dry season than in the wet
season. Our analysis shows that rural concentrations of BC in Lamto are mainly
related to biomass burning sources through agricultural burning and domestic
fires.

In the urban area, the study allowed us to distinguish the levels of diurnal
concentrations ranging from 0.83 pg.m” in August 2018 to 14.56 pg-m~ in De-
cember 2020) with an average of 5.31 + 2.5 pg-m™>. Diurnal concentrations of BC
on weekdays vary from 13.92 ugm™ (7 AM) to 6.87 pg-m~ at 4 AM, while on
weekends they vary from 11.83 pg-m™ (8 AM) to 3.86 pg-m™ at 4 PM. Also, BC
measurements were functions of days of the week, with the highest values from
Monday to Fridays and the lowest ones on Sundays. Our analysis has shown that
BC emissions are mainly related to the traffic source and domestic source (ie.
households).

As economic activities are permanent in urban areas, the sources of BC emis-
sions will have a permanent character dominating largely the seasonal aspect.
This is the opposite in rural areas where anthropic action is weak (little econom-
ic activity), only seasonal aspects dominate BC emission sources. Furthermore,
BC concentration levels in urban are more alarming, in contrast to those of rural
areas, which remain below international standards. The ratio between the max-
imum values is around 5.86. The variability of BC concentrations in urban areas
(Abidjan) is quite significant compared to that observed in rural areas (Lamto).
However, the levels of BC emissions in Abidjan are comparable to those of West

African capitals but remain below the major metropolises of other continents.
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