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ig‘c’fe& dlci 1’\‘,‘\31‘(’)\/2(2%22 The subsistence of humans and livestock depends on the protection of the soil.
P As a result, soil pollution by waste toxic elements is a major concern for
humanity. The objective of this study is to examine the source distribution,

concentration levels and spatial distribution of toxic elements and

microorganisms in previously polluted soils in the district of Abidjan, Cdte

Keywords d'Ivoire. The total number of topsoil samples was 13 and was analyzed using
v Toxic waste, ICP-OES. Heavy metals concentrations determined in soil were higher than
v Heavy metals, those of control soil at all stations, but were generally less than Ivorian standard
v’ Polluted soils, values. For organic compounds and hydrocarbons, only total sulfur exceeded
v" Microorganisms. Ivorian standards at all sampling sites (i.e. 1340, 1320 and 190 mg/kg for Site 1,

site 2 and control of Alépé 1, respectively, while those of site 1, site 2 and control
of Alépé 2 were 1720, 1630 and 190 mg/kg, contrary to 10 x 10 mg/kg as
standard values). Four types of microorganisms were detected within differents
stations and sampling sites, i.e. Heterotrophic bacteria, Pseudomonas sp.,

messouaman@yahoo.fr il e li and | inal DL diated and

Phone: +225 0707442995 Bacillus sp., Escherichia coli and Intestinal enterococci in remediated an
control soils. Finally, these results confirm the positive impact of remediation
with the possibility to reuse these sites for agriculture or other purposes.

1. Introduction

Soil pollution occurs when some natural or anthropogenic constituents exceed the maximum
allowable limits in natural soil environments [1]. Chemical pollutants are often discharged into
environment, increasing concentration of toxic chemicals in soil, air and aquatic ecosystem. It is well
known that these chemical pollutants (petroleum hydrocarbons; heavy metals; pesticides and solvents)
may affect humans and also others animals living in these matrixes [2,3]. Most of these chemical
pollutants are xenobiotic coming from industrials process residues and discharged through accidental
pollution. Once present in these matrixes, they represent potential health risks for living organisms at
low or high concentrations depending on the type of the pollutant. Among these consequences, the
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appearance of chronic diseases (e.g. cancer) in humans and animals, thereby leading to their death [4].
However, the management of the toxic pollutants is very complex and depends on the type and also
the matrix concerned. In the case of chronic pollution, consequences are observed after a long time of
exposure except the molecules that exhibited high level of toxicity causing instantaneous death [5].
The accumulation and the transfer of the toxic molecules in the environment (water, air and soil), as
well as in human bodies after exposure are difficult to monitor. Then, the most common strategies used
to detect and warn of potentially detrimental and hazardous events is the surveillance of the different
matrixes by regular monitoring [6]. Then, the most common strategies used to detect and warn of
potentially detrimental and hazardous events is the surveillance of the different matrixes by regular
monitoring [7]. In spite of regular monitoring studies and the various laws limiting the release of toxic
pollutants into the environment, there are always chronic or accidental pollutions [8]. To improve
monitoring, several methods have been used, but they are costly. For this reason, some micro-
organisms are often used as indicators to monitor aquatic systems and soils. These indicators can help
detect change in an environment and indicate potential causes of pollution. They are used in the
treatment of soils and waters through bioremediation processes that have shown acceptable efficiencies
[9]. Recently in Coéte d’Ivoire, the oil tanker Probo Koala spilled hundreds of tons of toxic waste at
numerous sites in the city of Abidjan. Soil and water courses around the district of Abidjan were
impacted by this accidental chemicals pollution [10]. In the days and weeks that followed, thousands
of people showed signs of poisoning. Analysis of the waste revealed the presence of toxic chemicals
such as mercaptans and hydrogen sulfide. A soil bioremediation technology was conducted to ensure
the physical, chemical and biological quality. Also, in order to proceed with a wide dissemination of
information on the impact of the soil treatment technology, an assessment of the soil quality which
were used different parameters were implemented. This study aims to examine previously polluted
soils in two places (i.e. Alépé 1 and Alépé 2) and one bioremediation site (Erymakoudjé) in order to
understand the effect of depollution. Especially, this involves identifying the micro-organisms which
are bio-indicators of pollution, as well as the heavy metal content and some chemical components of
the soil.

2. Material and methods
2.1 Sampling sites

Three sampling sites were selected, namely Alépé 1 (located Route d'Alépé) and Alépé 2 (located
Route d'Alépé) with the respective UTM coordinates of 369699 / 650953, 392237 / 603155, 392367 /
603543. These sites were chosen because they have been firstly impacted by the pollution and also,
they were used as monitoring sites by United Nations (UN) for environment (2017) in their evaluation
study performed in order to determine their ability to be considered as safe sites after an additional
clean-up process realized from 2008 to 2010. After the pollution of these sites in 2006, some sites were
excavated in order to bring their soils onto the site of Alépé 1 for bioremediation. A part of maize field
stored in these sites during this period was considered as potentially contaminated and was transferred
to Erymakoudjé site for treatment. A total of 13 samples of soil were taken over the period from 31
May to 02 June 2018 for microbiological analyses and also for the macro-invertebrate’s index
evaluation. Soil samples are taken at one depth (i.e. 0.2 m) in the concerned sites. Also, a control site,
which has not received any toxic waste, were selected upstream of the spill sites for comparison
purposes. Then, for microbial index, fecal indicator bacteria, heterotrophic bacteria count, total bacteria
count and were analyzed based on the references proposed international standards (1SO standards).
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2.2 Chemical parameters analysis

Several chemical parameters were determined in the soil. Organic components, hydrocarbons and
heavy metals were analyzed by inductively coupled plasma optical emission spectrometry (ICP-OES,
Agilent 700 series). Indeed, 10 g of soil were digested using 60 mL of HNOz and 20 mL of concentrated
H202 (30 %, V/V) using a microwave digestion system for 25 min and then, diluted to 100 mL with 2
% HNOa. Blank preparation was done in the same way. Finally, clear liquid samples were analyzed by
using ICP-OES [11, 12].

2.3 Microbial index evaluation

Soils contain a large diversity of bacteria whose presence and abundance can help to understand
biological processes and mechanisms in soils. Three characteristic groups of germs were investigated
in this study by the culture method [13]. These are i) E. coli and intestinal Enterococci for soil
contamination by fecal matter; ii) Pseudomonas sp., Bacillus sp., for the bioremediation process of
soils due to their ability to degrade complex molecules; iii) heterotrophic bacteria, for the
characterization of the mineralization processes of organic matter in soils. Quantification of microbial
abundances was performed by the culture method. The culture method consists of revealing the
presence and quantifying the abundance of bacterial microorganisms capable of growing on the
selected culture media. Two types of culture media were used, namely "specific" culture media for the
growth of particular germs and "non-specific" culture media allowing the simultaneous research of
large groups of microorganisms. The culture method consists of 4 main phases: i) preparation of the
culture media, ii) inoculation of the culture media, iii) incubation at temperatures ranging from 36 to
44°C for periods of 24 to 48 hours and iv) counting of the colonies and calculation of the
concentrations. The culture method was followed by biochemical tests for identification and
confirmation of colonies previously revealed by the culture method. The biochemical tests were
performed using the API 20 E and API 20 NE gallery (Biomérieux). The first phase of the analysis of
soil samples consisted in preparing stock solutions from the weighed soil mass. A sample of 1g of soil
is resuspended in 10 mL of phosphate buffer. Then, cascade dilutions were performed to obtain diluted
solutions with low concentrations of microorganisms. The dilution coefficients made varied from 10
to 108 using the stock solution. 1 mL samples are either filtered on a polycarbonate membrane (0,22
mm porosity) or spread (100 pL) on a specific culture medium (TBX agar, Slanetz Barley agar,
Cetremide agar and Mossel agar) or on a non-specific culture medium (Plate Count Agar; EMB agar).
After incubation, the desired colonies (according to the expected staining) are counted. The calculation
of bacterial concentrations takes into account the number of colonies counted, the filtered or spread
volume and the dilution factor. The results are expressed in colony forming units (CFU) /g soil.

2.4 Analyses and statistical tests

Tests of mean and variance were performed using R software to compare the difference between the
microbial abundances observed at the control sites and the microbial abundances observed at the sites
with additional sanitation.

3. Results and Discussion
3.1 Evolution of heavy metals in the soil

Figure 1 shows the heavy metals concentrations in soil at two stations (i.e. Alepe 1 and Alepe 2).
Overall, heavy metals concentration were higher than those of the control at all stations. In addition,
chromium and zinc represent the highest concentrations (See Figure 1A and B). However, all the
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concentration obtained were lower than those of the Ivorian standard (i.e. 400 mg/kg for lead; 190
mg/kg for copper; 130 mg/kg for chromium; 20 mg/kg for cadmium; 37 mg/kg for arsenic; 140 mg/kg
for nickel; 240 mg/kg for cobalt; 9000 mg/kg for zinc and 7 mg/kg for mercury) [14]. These results
highlighted the efficiency effect of the remediation process carried out previously for metals [11].
Otherwise, the results of Adebiyi et al [11] revealed high concentrations of heavy metals in the soil
containing hydrocarbons.
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Figure 1. Content of heavy metals in the soil at two stations: A: Alepe 1; B: Alepe 2 at same depth.

3.2 Organic compounds and hydrocarbons

Table 1 presents the concentrations of organic compounds and hydrocarbons in the soil of the Alepe 1
station. Indeed, all the values obtained for the different compounds are lower than the Ivorian standard,
except for total sulphur, whatever the type of soil and the sampling site (i.e. 1,340 mg/kg for site 1;
1,320 mg/kg for site 2; 190 mg/kg for the control, contrary to the 10 mg/kg as standard). These results
showed that sulphur is one of the main components of the toxic waste [10].
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Table 1. Concentrations of organic compounds and hydrocarbons within Alepé 1 station soil.

Alepé 1
Point 1 Point 2 Control Ivoirian reference value
0-20 cm 0-20 cm 0-20 cm (10°mg/kg)

Total Sulphur 1340 1320 190 10

Benzene <0.5 <0.5 <0.5 1

Toluene <0.5 <0.5 <0.5 5

Ethylbenzene <0.5 <0.5 <0.5 25

Xylene <0.5 <0.5 <0.5 5

2.2.3-Trimethylbutane <0.5 <0.5 <0.5 1000
2.3-Dimethylheptane <0.5 <0.5 <0.5 1000
4-Ethyloctane <0.5 <0.5 <0.5 1000
Dodecane <0.5 <0.5 <0.5 1000
Hexadecane <0.5 <0.5 <0.5 1000
Heptadecane <0.5 <0.5 <0.5 1000
Nonadecane <0.5 <0.5 <0.5 1000
Eicosane <0.5 <0.5 <0.5 1000
Heneicosane <0.5 <0.5 <0.5 1000
2.21-dimethyl Docosane. <0.5 <0.5 <0.5 1000
Tricosane <0.5 <0.5 <0.5 1000
Hexacosane <0.5 <0.5 <0.5 1000
2 Methylhexacosane <0.5 <0.5 <0.5 1000
Heptacosane <0.5 <0.5 <0.5 1000
11-Methylnonacosane <0.5 <0.5 <0.5 1000
Triacontane <0.5 <0.5 <0.5 1000
Dotriacontane <0.5 <0.5 <0.5 1000
Hexatriacontane <0.5 <0.5 <0.5 1000

Table 2 exhibits the concentrations of organic compounds and hydrocarbons in the soil of the Alepe 2
station. Indeed, all the values obtained for the different compounds were also lower than the Ivorian
standard, except for total sulphur, regardless the type of soil and the sampling site (i.e. 1,720 mg/kg for
site 1; 1,630 mg/kg for site 2; 190 mg/kg for the control, contrary to the 10 mg/kg as standard). These
results from the Alepe 2 station denote that toxic waste contains a large quantity of sulphur that is
adverse to humans [10].

3.3. Estimation of the bacteria abundance for soil quality

The abundances of heterotrophic bacterial determined in the soils collected in the stations of Alepé 1,
Alepé 2 and Erymakoudjé are presented in the Table 3. In these stations, the abundance of total bacteria
counts in the control sample and in the polluted samples area at the same depths (i.e. 0.2 m) were in
the same order of magnitude in function of bacteria type. Statistical test performed in order to compare
the control samples to those from contaminated area didn’t show significant difference. The abundance
of total bacteria count ranged between 10’ CFU/g and 10' CFU/g [15]. This indicates that the
abundances observed in this study are not particularly higher or lower than those expected in the soil.
All of these stations showed normal soil flora, but varied by bacterial type. The abundance of
heterotrophic bacteria in the control and bioremediation area samples were also of the same order of
magnitude and there was no significant difference between these abundances per bacterium. Overall,
the differences observed between control and supplemental cleanup sites for each of the sampling areas
considered were not significant (p < 0.05) [16, 17].
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Table 2. Concentrations of organic compounds and hydrocarbons within Alepé 2 station soil.

Alepé 2
Point 1 Point 2 Control Ivoirian reference value
0-20 cm 0-20 cm 0-20 cm (10 mg/kg)

Total Sulphur 1720 1630 190 10

Benzene <0.5 <0.5 <0.5 1

Toluene <0.5 <0.5 <0.5 5

Ethylbenzene <0.5 <0.5 <0.5 25

Xylene <0.5 <0.5 <0.5 5

2.2.3-trimethylbutane <0.5 <0.5 <0.5 1000
2.3-dimethylheptane <0.5 <0.5 <0.5 1000
4-Ethyloctane <0.5 <0.5 <0.5 1000
Dodecane <0.5 <0.5 <0.5 1000
Hexadecane <0.5 <0.5 <0.5 1000
Heptadecane <0.5 <0.5 <0.5 1000
Nonadecane <0.5 <0.5 <0.5 1000
Eicosane <0.5 <0.5 <0.5 1000
Heneicosane <0.5 <0.5 <0.5 1000
2.21-dimethyl Docosane <0.5 <0.5 <0.5 1000
Tricosane <0.5 <0.5 <0.5 1000
Hexacosane <0.5 <0.5 <0.5 1000
2-méthylhexacosane <0.5 <0.5 <0.5 1000
Heptacosane <0.5 <0.5 <0.5 1000
11-methylnonacosane <0.5 <0.5 <0.5 1000
Triacontane <0.5 <0.5 <0.5 1000
Dotriacontane <0.5 <0.5 <0.5 1000
Hexatriacontane <0.5 <0.5 <0.5 1000

Table 3. Microbial abundance in the soil of different stations in function of micro-organisms.

Micro-organisms Matrix Alepé 1 Alepé 2 Erymakoudjé
(CFU/g) (CFU/g) (CFU/g)
Heterotrophic bacteria Control (Depth 0.2 m) 4.20 x 107 10.2 x 107 10.8 x 107
Soil ( Depth 0.2 m) 9.40 x 107 2.30 x 107 4.80 x 107
Pseudomonas sp. Control (Depth 0.2 m) 3.80 x 10? 14.2 x 10? 2.50 x 102
Soil (Depth 0.2 m) 1.00 x 102 5.20 x 102 10.6 x 102
Bacillus sp. Control (Depth 0.2 m) 30.0 x 10° 4.40 x 10° 1.44 x 103
Soil (Depth 0.2 m) 19.6 x 10° 23.0 x 10° 7.10 x 10°
Escherichia coli Control (Depth 0.2 m) 1.29 x 10° 4.00 x 10° 10.7 x 108
Soil (Depth 0.2 m) 2.70 x 108 - 16.0 x 10°
Intestinal enterococci Control (Depth 0.2 m) 2.10x 10? - 1.10x 10*
Soil (Depth 0.2 m) 1.30x 102 - 5.60x 10°

Indeed, Table 3 shows the abundance of Heterotrophic bacteria contrary of Pseudomonas sp., Bacillus
sp., Escherichia coli and intestinal enterococci in remediated soils and the control. Heterotrophic
bacteria concentrations range from 2.3 to 10.8 x 10’ CFU/g, while those of Pseudomonas sp., Bacillus
sp., Escherichia coli and intestinal enterococci ranged from 1.00 to 10.6 x 102 CFU/g, 1.44 to 30.0 x
10° CFU/g, 1.29 to 16.0 x 10° CFU/g, and 11.0 to 5.60 x 10° CFU/g, respectively. These
microorganisms, known for their capacity to degrade complex pollutants are present in soils with
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concentration values between values lower than 1 and 10* CFU/g of soil (BTEX, hydrocarbons,
pesticides etc...) [18-20]. The concentration values observed are in agreement with the values observed
in the previous study carried out by VAGNY LAB on the same sites. The presence/abundance of
Pseudomonas sp. and Bacillus sp. in soils does not limit the potential uses of the soil (agriculture,
construction etc...). However, the absence of Escherichia coli and intestinal enterococci in the Alepe 2
remediated soil thus emphasizes the non-fecal contamination of this site by warm blood animals or
human faeces.

Conclusion

In this study, we note that the concentrations of heavy metals determined in the soil were higher than
those obtained in the control soil at all stations, but were generally lower than Ivorian Norm values.
Regarding organic compounds and hydrocarbons, only total sulfur exceeded Ivorian standards at all
sampling sites (i.e., 1340, 1320, and 190 mg/kg for site 1, site 2, and the Alépé 1 control, respectively,
while those for site 1, site 2, and the Alépé 2 control were 1720, 1630, and 190 mg/kg, contrary to the
standard values of 10 x 10-3 mg/kg). Then, four types of microorganisms were detected in the different
sampling stations and sites, namely heterotrophic bacteria, Pseudomonas sp., Bacillus sp., Escherichia
coli and intestinal enterococci in the remediated and control soils at the similar range of values. Finally,
these results confirm the positive impact of remediation with the possibility to reuse these sites for
agriculture or other purposes.
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