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Abstract

Direct monitoring of air pollutants requires sophisticated equipment and techniques that are not often available for poor or
developing countries. In this context, using of plant as biomonitoring of air’s quality is an interesting alternative. Among
these plants lichens as biomonitors has received increasing attention in recent years. They are frequently used as organisms
for passive and active monitoring of air quality. They also have no cuticles to control the exchange of water, nutrients, gas
and other particles with the external environment and they depend highly on nutrients from atmospheric sources, they
absorb nutritive elements and pollutants through their entire surface. Their ability to absorb toxic pollutant into their thalli
during long periods of time allows lichens to be the most useful indicator of air quality. In this study we have used lichen
Parmotrema dilatatum as bioindicators to evaluate the air quality on Polycyclic Aromatic Hydrocarbons (PAHs) pollutants in
Abidjan’s town. Lichens were transplanted during 12 months (July 2015 - July 2016) throughout 09 sites. Our results show
heterogeneous and fluctuating distribution of the PAHs whose concentration is low because their values are in ng/g order.
The sites of AdjaméMacaci, Cocody ENS, and Yopougon Zone are the most polluted with higher concentrations of 51.892 ng/g
for Indeno[1,2,3-cd]pyrene, 15.656 ng/g for Pyrene and 11.025 ng/g for Fluorenthene. The least contaminated site is Plateau
Carena, whose PHAs concentrations are low and sometimes below the limit of detection. These results reflect the
anthropogenic activities practiced within the sites.
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INTRODUCTION

Atmospheric pollution is one of the major problems in urban environments(Sawidis et al., 2011; Donahue, 2018). Pollutants containing Polycyclic Aromatic
Hydrocarbons (PAHs) come from different anthropogenic activities such as aluminum production (Séderberg process), production of coke and anodes,
Incineration of household waste, manufacture of cement, bitumen. The cracking of oil issued from bitumen and synthesis of creosote used for the preservation of
wood, combustion of fossil fuels in vehicular traffic, and energy production are also human activities that produce PAHs (Wegener et al., 1992; Ravindra et al.,
2008; Colman Lerner et al., 2016). Among them transport is the main source of PAHs pollution (Mastral et al., 2003; Colman Lerner et al., 2016). Beside
anthropogenic sources of PAHs, we have natural ones which are linked to the combustion of biomass (forest fires), volcanic eruptions and diagenesis (formation of
sedimentary rocks) (Shukla and Upreti, 2009). These pollutants are mutagenic which make them genotoxic and cytotoxic. Therefore they can induce DNA damage
and prokaryotes and eukaryote cells mutations(Lasat, 2002; Colman Lerner et al., 2014). The measurements of atmospheric pollutants require expensive technical
equipment’s which often unavailable (Ashwini et al., 2014). The use of living organisms in the studies, to assess the quality of environment is now accepted in
many countries (Basile et al., 2012; Zoungranan et al., 2017). Lichens and moss have been widely used to monitor air pollution (Bargagli and Nimis, 2002; Backor
and Loppi, 2009; Kaffer et al., 2011; Bertuzzi et al., 2013; Foan et al., 2015; Cocozza et al., 2016).They provide reliable information on the quality and
characteristics of the environment(Conti and Cecchetti, 2001; Pitcairn et al., 2006; Samdudin et al., 2013; Seed et al., 2013; Paolia et al., 2015). Biomonitoring
methods (lichens, moss...) present more advantageous aspects than conventional ones, such as easy sampling, cheap equipment, and high degree of pollutants
accumulation (Sawidis et al., 2011). Lichens accumulate airborne chemicals and polycyclic aromatic hydrocarbons (PAHs) pollutants by adapting their
metabolism mainly according to the impact of pollution (Van der Wat and Forbes, 2015). The effects of air pollution on lichens have been recognized since by
Nylander (1866), who used abundance data in order to measure the effects of atmospheric pollution (Samsudin et al., 2012). Lichen is a symbiotic association of a
fungus (mycobiont) and a photosynthetic partner (photobiont) (Zoungranan et al., 2017). They can be considered as ecosystems themselves where theresulted
interaction of partners in behavior and life forms are not found in the isolated partners (Oksanen, 2006; Pawlik-Skowronska and Backor, 2011), allowing them to
live in habitats where they can’t live alone previously (Kranner and Birtic, 2005; Kranner et al., 2008; Catal4 et al., 2013).They are found on trees, rocks, in soils
and even on weevils and giant Galapagos turtles (Lin et al., 2003)and can grow in extreme environments, such as deserts, and high alpine, and polar regions
(Ahmadjian, 1995). Lichens have not cuticles to control the exchange of water, nutrients, gas and other particles with the external environment; they are highly
dependent on atmospheric sources for nutrients and take up elements via their whole surface (Dogrul Demiray et al., 2012; Samsudin et al., 2012). These
organisms are well known to accumulate and retain many varieties of contaminants (Fuga et al., 2008; Munzi et al., 2011). More recently, the use of lichens as
biomonitors for organic air pollutants has been investigated in many countries including Portugal, Spain, Poland, Italy and India USA (Will-Wolf et al., 2017).
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The aim of this work was to assess and quantify the quality Abidjan town’s air in terms of PAHs. Lichens are taken from a relatively unpolluted site, the
geophysical and ecological station of Lamto, and transplanted throughout 09 sites of Abidjan city. Concentrations of eight (8) different PAHs (Fluoranthene,
Pyrene, Benzo[Kk]fluoranthene, Benzo[a]pyrene, Indeno[1,2,3-cd]pyrene, Benzo[ghi]perylene, Benzo[a]anthracene, Benzo[b]fluoranthene) contained in the thalli
of Parmotrema dilatatum were quantified.

MATERIALS AND METHODS

1.1. Study area:

The study was carried out in the city of Abidjan, located in the coastal region of Ivory Coast (5°00'N - 5°30'N, 3°50'W - 4°10'W) whose surface is about 324
km? This area is located in equatorial climate with an annual rainfall is of 1784 mm and a mean annual temperature of 27°C. The main direction of winds is the
south-west one. Abidjan city is the most populated regions in Ivory Coast. This town is suffering from very harmful environmental problems due to the
atmospheric emissions of industries and emissions due to vehicles’ motor.

1.2. Lichen sampling

Lichen Parmotrema dilatatum were collected in the geophysical and ecology station of Lamto (6.13°,N; 5.02°,W), located on Abidjan to Yamoussoukro
precisely between Singrobo and Taabo, along bandama river. This area is a natural park whose surface is about 2500 ha. The lichen’s harvest was carried out in
tropical climate in which the annual temperature average is 28.28°.The annual precipitation average is about 1194 mm and the relative humidity of air is higher
than 58%. This reserve was chosen because, of two main reasons. Firstly it is an area which far from sources of pollution and secondly the species Parmotrema
dilatatum is abundant and therefore the collection of sampling causes a very low impact on the density of natural population.

1.3. Lichen transplantation

Lichens were transplanted together with their substrate 2 m above ground, ensuring conditions similar to those in their natural habitat. Lichens were exposed
in the study area for 12 months (July 2015 - July 2016). Samples were retrieved each 4 months and then analyzed. The study was conducted throughout 09 sites
(Cocody ENS, Plateau Carena, Yopougon Zone, Treichville Port, Anyama Centre, Marcory Voltaire, Adjamé 220, Adjamé Macaci, Abobo Mairie) of Abidjan city
(Figure 1). The sites are characterized by the presence of industrial activities including manufacturing and processing of metals, chemicals, plastics, agrifood,
textile and soap factories. Pollutants are also released by punctual sources, such as car repair, plants, agricultural practices and vehicular traffic.
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Fig. 1: Location of sampling sites in study area.

1.4. PAHSs determination in lichen:

A quantity of lichens was taken and then dried at room temperature. Dried lichens were ground with a pestle and a porcelain mortar in order to get powder.
Powdermass obtained is placed in a cellulose extraction cartridge (Whatman No 42) for extraction with a Soxhlet. A VVolume of 180 mL of dichloromethane
(DCM, analytical grade) is placed in a flask of 500 mL coated with aluminum film in order to prevent PAHs’ photolysis. The extraction is carried out during 12 h.
The extract is then collected for the purification step. The purification is carried out in solid phase on a conditioned SPE purification column (Solid Phase
Extraction). The samples were analyzed by a high-performance liquid chromatograph (Shimadzu HPLC) using Shimadzu VVP-ODS column.

RESULTS AND DISCUSSION

2.1. General analysis of PAHs:

In this study, we interested ourselves to air pollution caused by PAHs during period of one year in Abidjan town. The determination of 8 PAHs
(Fluoranthene(FLU), Pyrene (PYR), Benzo[k]fluoranthene(BKkFLT), Benzo[a]pyrene (BaPYR), Indeno[1,2,3-cd]pyrene (IcdPYR) , Benzo[ghi]perylene(BghiPL),
Benzo[a]anthracene (BaANT), Benzo[b]fluoranthene(BbFLT)) contained in of Parmotrema dilatatum thalli was carried out every 4 months during a year. Our
results show a heterogeneous and fluctuating distribution of the PAHs whose concentrations are low (around ng/g) (Figure 2). The observed discontinuity in results
is due to the disappearance of a pollutant or to the appearance of a new pollutant on the same site during the four (4) following months. Dry and wet deposition
depends on physical characteristics of the particles (size and shape), the meteorological conditions (wind speed, thermal stability), and morphological
characteristics of the biological surface (Augusto et al., 2015; Kodnik et al., 2015). The PAHs can be oxidized with different kinetics according to their nature
(Perraudin et al., 2005). Furthermore this large variation in total PAHs concentration is highly influenced not only by the existent source of pollution in the
concerned site, but also many environmental factors, such as the seasons in which sampling was undertaken and the altitude at which samples were collected (Van
der Wat and Forbes, 2015). Our observations are in agreement with studies conducted in Spain which show that the climate, the site having moist, dense forest,
influence bioaccumulation of PAHSs (Blasco et al., 2006). The PAHSs concentration found in the present study are within the same range found in Sines (Portugal) in
which concentrations range from 1 to 62 ng/g(Augusto et al., 2010).In the Tibetan Plateau (China) Zhou et al (2018) were obtained slightly higher values in the
range of 38.0-133 ng/g. During all the study period, only Benzo[k]fluoranthene and Benzo[b]fluoranthene) were present at all sites.
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Fig. 2: Content of PAHs on the sites.
Coc : Cocody ENS ; Plat : Plateau Carena ; Yop:Yopougon Zone ; Trei : Treichville Port ; Any : Anyama Centre ; Mar : Marcory Voltaire ; Adj1: Adjamé 220 ;

Adj 2 : Adjamé Macaci ; Abo : Abobo Mairie

2.2. PAHs analysis per sites:

Analysis of PHAs per site, show that Adjamé Macaci, Cocody, and Yopougon Zone are the most polluted ones with peak concentrations of 51.892 ng/g for
Indeno[1,2,3-cd] pyrene , 15.656 ng/g for Pyrene and 11.025 ng/g for Fluorenthene. The least contaminated site is the plateau, whose PHAS contents are at the
limit of detection.

It should be noted that these values are lower than those found by Shukla and Upreti (2009) in the bioaccumulation study of PAHSs by lichen at DehraDun
City (Garhwal Himalayas, India). They are in the order of pg/g. In Spain Domefio et al (2006) have found that total PAHs concentrations of is around 340 ng/g in
lichen sampled near a river outside a city but total PAHs concentrations found is ranging 1.2 t01.65 pg/g in an area with a high density of vehicular traffic. In
northeastern Italy, Kodnik et al (2015) have obtained in thalli of lichen Pseudeverniafurfuracea, PAHSs's concentrations in order from 48.22 to 272.73 ng/g in
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summer and from 289.73 to 1575.85 ng/g in winter. The presence of Fluoranthene at the sites of Yopougon and Plateau Carena is mainly related to the intense
road traffic. Benzo[k]fluoranthene is coming from a pyrolytic source, produced by incomplete combustions of engine oils. It also presents in vehicular exhaust
emissions (Wieczorek et al., 2015). The site Yopougon is closer to an international road. Benzo[ghi]perylene is present on the site of Plateau Carena. This
presence could be linked to the wood processing activities, wood impregnation oils and naval handling activities (Blasco et al., 2011). The scarcity of
Benzo[ghi]perylene in the study is due to the biotic process of its degradation. Indeno[1,2,3-cd]pyrene, Pyrene and Benzo[k]fluoranthene are of also from pyrolytic
origin. These pyrolytic compounds are found on the site of Adjamé Macaci because it is characterized by the presence of extensive artisanal fish processing
activities, high vehicular traffic, incomplete combustion of used wood and the incineration of household waste. Benzo[b]fluoranthene is present on the sites of
Adjamé 220 and Cocody ENS and Abobo Mairie. This compound is from an anthropogenic origin specifically (Brignon and Soleille, 2006). The high
Benzo[b]fluoranthene deposits, may be linked to the intensification of car traffic, the poor quality of transit vehicles (Domefio et al., 2006; Van der Wat and
Forbes, 2015). In India, Blasco et al (2011) showed that the vehicular traffic essentially related to the origin of PAHs accumulation in lichens; These results are in
line with other lichen biomonitoring studies, who showed profile pollution in presence of PAHs such as Fluoranthene, Pyrene, and Benzo[g,h,i] perylene
(Maliszewska-Kordybach, 1996; Loppi et al., 2015).

Conclusion:

These studies have successfully exploited the effectiveness of lichen Parmotrema dilatatum asbiomonitor to diagnose PAHs pollutant in the environment of
Abidjan city. The detected concentrations varied between industrial and urban areas. This specie of lichens can be used as a complementary system that integrates
instrumental monitoring of air pollution. This result shows a heterogeneous and fluctuating distribution of PAHs. Their concentration are low and in the order of
ng/g. This study shows that Adjamé Macaci, cocody, and Yopougon Zone are the most polluted sites. In these sites we found PAHs with different peaks of
concentration such as 51.892 ng/g for Indeno[1,2,3-cd]pyrene, 15.656 ng/g for Pyrene and 11.025ng/g for Fluorenthene. The least contaminated site is plateau,
whose PHASs concentrations are low and sometimes below the limit of detection. Only Benzo[k]fluoranthene and Benzo[b]fluoranthene) were present in all the
sites of our study area. The presence of these pollutants is dominated by vehicular traffic, industrial activities and human activities. It would be very interesting to
carry out this study over a longer period, and to widen the range of PAHSs studied and finally to propose a pollution mapping in PAHs of the different cities of
Ivory Coast and to bring the necessary solutions to this scourge.
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