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Abstract 

Carbonaceous components are important components of fine atmospheric particulate matter (PM2.5) and can affect the local 

environment, climate, and human health. The PM2.5, Organic (OC) and elemental (EC) Carbon concentrations were measured at 

Arconville (AT) and Mahoule (MT) traffic during the dry season in southern Benin cities of Abomey-Calavi and Cotonou. The 

data are collected with passive samplers and archived as daily averages from December 2016 to March 2017. To gain a better 

understanding of possible local and regional aerosol sources, the concentration of PM2.5, OC and EC, as well as the OC/EC ratio 

were evaluated overall. For the studied period, average concentrations of PM2.5 particles were 64 ±16 µ.gm-3 and 79 ±18 µ.gm-3 

at AT and MT, respectively. Those of OC and EC were 31 ± 13 μg·m-3 and 9 ± 06 μg·m-3 for AT and 38 ± 16 μg·m-3 and 13 ± 08 

μg·m-3 for MT, respectively. Also, total carbon accounted for 62.5% of PM2.5 at AT and 64.56% at MT. The OC/EC ratios 

obtained in AT and MT were 3.44 and 2.92, respectively. These OC/EC ratios obtained in two cities are greater than 2, which 

confirmed the presence of secondary organic aerosols during this period on these two traffic sites. 
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1. Introduction 

Air pollution is a major environmental threat, particularly 

in Abomey Calavi and Cotonou where road transport has 

contributed considerably to the increase in the quantity of fine 

particles across the city and more particularly in Arconville 

and Mahoule. In recent years, PM2.5 pollution events in 

southern Benin, such as in the Cotonou city, have occurred 

frequently [1, 2]. The total carbon (TC) are crucial compo-

nents in PM2.5. The total of the carbon aerosols in PM2.5 

ranges from 32 to 50% in this city, which would be due to the 

pollution sources and different environmental conditions [1]. 

According to [3], the fossil fuels and biomass combustion 

emit the element carbon EC which is stable in the atmosphere. 

However, organic carbon sources are complex, which include 

both POC (primary organic carbon) and SOC (secondary 

organic carbon) [3, 4]. The EC and OC have an effect of the 

optical properties of the atmosphere; which explains the 

substantial influence on the climate change, atmospheric 

visibility and air quality [5, 4]. The world largest source of 
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mineral dust is the Sahara which winds particles from the 

north and monsoons transport sea salt from the south [6]. 

According to [7], The dynamics of atmospheric flows partic-

ularly complex was made the West African monsoon system 

which negatively affects the predictability of weather events 

and climate change in the sub-Saharan area. 

Recent work on epidemiological studies have helped to 

understand the association between concentrations of ambient 

particles in particular, the particulate PM2.5 and adverse 

health effects [8]. Due to the possible delayed health effects 

associated with the continuous exposure of a high-density 

population in urban areas, the air particle pollution is of 

particular interest [9]. Additionally, several studies have 

shown that the carbonaceous aerosols concentrations are 

positively correlated with the mortality of blood vessels and 

the respiratory system in urban environmental centers [10]. 

Therefore, determination of EC and OC concentrations is 

important in order to study air pollution, climate change, and 

human health [11]. Moreover, PM2.5 aerosol particles easily 

enter human lungs, which increases the incidence of respira-

tory diseases and risk of cardiovascular diseases and threatens 

the human health [12]. 

According to [13], policy makers must improve emission 

inventories and observations and support long-term meas-

urements of air pollutants in urban and suburban areas. For 

this purpose, a state of an environmental aerosol monitoring 

system has been installed at AT in Abomey Calavi and MT in 

Cotonou for the collection of daily atmospheric PM2.5, OC 

and EC concentrations from December 2016 to March 2017. 

This paper focuses on fine-particle mass and particulate 

carbon species measurements performed in the two cities. In 

this work, several samples of deposited fine particle (PM2.5) 

were collected in order to have a preliminary understanding of 

their evolution during the dry season in these two cities. 

2. Materials and Methods 

PM2.5 and Carbonaceous Aerosols were monitored at 

Abomey-Calavi and Cotonou, two Southern Benin traffic 

sites, during a long dry period. In these two cities, measure-

ments were performed from December 2016 to March 2017, 

near of the crossroads with heavy traffic. 09-h per day (09:00 

to 18:00, local time) PM2.5 samples were collected at two 

urban sampling sites. This chosen time interval corresponds to 

peak hours, where traffic is heavy on both sites. The experi-

mental site in each city is located at a major intersection with 

heavy traffic. Its were chosen as these traffic sites are char-

acterized by a high density of 2 wheels. 

At each site, we have a compact environmental monitor 

called EVM-7 (version 1.05 Quest Technologies). It allows 

you to take measurements of the airborne concentrations [14]. 

In this study, the sampling was carried out in two cities on 

quartz filters in order to measure the levels of PM2.5 mass and 

the levels of EC and OC. 

The campaign to measure OC, EC, and PM2.5 was con-

ducted in these two cities by collecting samples on 37 mm 

diameter filters in Arconville traffic (AT) and Mahoule (MT) 

during the long dry season (02 December 2016 and 20 March 

2017). For gravimetric measurements and carbonaceous 

aerosol analysis, we used only quartz fiber filters. At each site, 

filter is exposed from 9:00 to 18:00, approximately 9 hours of 

exposure time per day. Before sampling, the filters were 

stored individually in Petri dishes, covered with aluminum 

foil once the sample had been taken, and then in packaging. 

Then they are returned to the laboratory for different analyses. 

The description of the material and methods of analysis are: 

Gravimetric analysis: 

Collections of aerosols were performed on the Quartz fiber 

filters. Quartz filters were weighed before and after sampling 

using a Mettler MC21S microbalance at Laboratoire 

d’Aérologie, Toulouse, France. The samples were kept for 

about 24 h in the weighing room at an ambient relative hu-

midity of 30 ± 15% before weighing. To lower carbon blanks, 

filters were preheated before being exposed [5]. 

Analysis of carbonaceous aerosols: 

OC, EC and TC (total carbon, calculated by the sum of OC 

and EC) were measured on a 0.37 cm2 punch from each quartz 

filter by thermo-optical reflectance following the Interagency 

Monitoring of Protected Visual Environments (IMPROVE) 

protocol [15]. The quartz fiber filters are burned 48 h at 480 

◦C before sampling to reduce the carbon content on the blank 

filter. The analyses are performed using a DRI model 2001 

thermal/optical carbon analyser (Atmoslytic Inc., Calabasas, 

CA) [16]. 

After the Gravimetric and carbonaceous aerosols Analysis, 

we proceeded to determine the Concentrations of PM2.5, OC 

and EC. We then calculated the concentrations of the species 

by calculating the mass obtained on the volume of air pumped 

during the duration of exposure for each day. Finally, we 

calculated the sum of the concentrations obtained per day 

(PM2.5, OC and EC) over the sampling period over the total 

number of exposure days in order to obtain the concentrations 

of PM2.5, OC and EC [5]. 

3. Results and Discussion 

PM2.5, OC and EC concentrations collected on PM2.5 

filters at AT and MT were calculated. Average Concentrations 

of PM2.5 particles were 64 ±16 µ.gm−3 and 79 ±18 µ.gm−3 at 

AT and MT, respectively. Also, the daily average concentra-

tions of OC and EC were 31 ± 13 μg·m−3 and 9 ± 06 μg·m−3 

for AT and 38 ± 16 μg·m−3 and 13 ± 08 μg·m−3 at MT, re-

spectively. Adding together the TC, it accounted for 62.5% 

and 64.56% of the PM2.5 at AT and MT. For this study, the 

OC/EC ratio was 3.44 at AT and 2.92 at MT. According to 

[15], OC/EC ratios obtained in two cities are greater than 2, 

which confirmed the presence of secondary organic aerosols 

during this period on these two traffic sites. We then compared 

the concentrations measured at the two sites and noticed that 

the PM2.5 concentrations measured at MT higher than those 
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measured at AT. Also, these PM2.5 concentrations are higher 

than the concentrations recommended by the World Health 

Organization (25 µ.gm-3) (see Figure 1). It is interesting to 

underline that our measurements are higher by a factor of 2.5–

3.2 than the WHO guidelines. Also, the papers of [1, 17-19] 

on road traffic sites give values close or slightly higher than 

our traffic values: 69.2 µ.gm-3 for Cotonou market in Benin, 

80.7 µ.gm-3 for Dakar in Senegal, 57.8 µ.gm-3 for Constantine 

in Algeria and 59.7 µ.gm-3 for Harare in Zimbawe. PM2.5 

concentrations measured in the two cities were compared with 

those obtained in African cities and we noticed that they agree 

with those measured on other traffic sites in certain African 

cities. 

 
Figure 1. Comparison of PM2.5 daily average concentrations at the 

two sites with WHO guideline. Green vertical line illustrates current 

WHO guideline. 

4. Conclusion 

This study reports new observation of average concentra-

tions of PM2.5, OC, and EC in the vicinity of major combus-

tion source, i.e. traffic at AT and MT from December 2016 to 

March 2017. During the dry period study, the daily average 

PM2.5 concentrations were 64 ±16 µ.gm-3 and 79 ±18 µ.gm-3 

at AT and MT, respectively. They are higher than the concen-

trations recommended by the World Health Organization. The 

OC/EC ratio was 3.44 at AT and 2.92 at MT, which confirmed 

the presence of secondary organic aerosols during this long 

dry period. 

Abbreviations 

WHO World Health Organization 

AT Arconville Traffic 

MT Mahoule Traffic 

PM2.5 Particulate Matter 

TC Total Carbon 

OC Organic Carbon 

EC Elemental Carbon 
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