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Abstract 

Around 540 m3 of toxic liquid waste from Probo Koala Boat, were dumped in 13 zones, of the Abidjan district during the 
night of 20th to 21st August 2006. The abrupt character of the situation and insufficient knowledge about the risks of this 
high magnitude pollution has made it difficult to solve quickly this environmental problem. Therefore this work aims to 
improve technical knowledge about the management of underground waters analysis results from contaminated toxic 
waste in the sustainable development context.  

To make this work, an environmental sampling program to determine the presence or absence of potential 
contaminants in groundwater cause by the dumping of waste from the Probo Koala has been recommended to state of 
Côte d’Ivoire since 2015 by the UN Environment Program after the depollution work on the zones. 17 piezometers have 
been built to manage underground waters in Abidjan at the 13 toxic waste dumping zones.  

The results permitted to identify the lithology of the crossed formations and the static level of each piezometer.  The 
large crossed formations find are clay, sand and sandy clay. All these formations stay on the bed rock which was reached 
at Alépé, Anyama (reference zone) and Agboville. The decision matrices permitted to determine that the water of bad 
quality are the water from each piezometers of the zones: zone 1 Erymakouguié, zone 3 Dokui2, zone 4 Abobo Coco 
service, zone 5 AboboSagbé, zone 7 M’Badon, zone 9 Filtissac. There are 6 zones where the water are bad quality. Good 
quality water are the water from the piezometers of the zones: zone 6 Akouédo, zone 8 Koumassi, zone 10 Maca Cité 
ADO.  

The aim of the decision matrices is to permit to the decision-makers “the public authorities” to find the quintessence of 
this work, as quickly as possible without necessary having to read it in full. Two color symbols have been used to 
characterize the water quality of the piezometers the green color shows that the underground waters is good quality, 
but the red color alerts that there are measures to be taken for the protection of the underground waters of concerned 
zones. 

http://creativecommons.org/licenses/by/4.0/deed.en_US
https://wjarr.com/
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1. Introduction 

This work aims to show the geochimical contribution to now know underground waters quality after the toxic waste. 
Around 540 m3 of toxic liquid waste from Probo Koala Boat, were dumped in 13 zones, of the Abidjan district during the 
night of 20th to 21st August 2006. The pollutes compounds toxic waste were discharge in Abidjan distric made 30 000 
cases of intoxication and the death of one hundred people (Dongo and al., 2012) (Amnesty International, 2012). What 
about the quality of now know underground waters quality after the toxic waste? Therefore this work aims to improve 
technical knowledge about the management of toxic waste of underground waters analysis results. 17 piezometers have 
been built to manage underground waters in Abidjan at the 13 toxic waste dumping zones. The toxic waste compounds 
have carcinogenic, toxic, and mutagenic properties, some have been classified as priority pollutants by the US-EPA 
(Keith &Telliard, 1979). In the environment, PAHs contribute to the contamination of soil, water, and air worldwide 
(US-EPA, 1999). To study the underground water impact of these pollutants in Ivory Coast generally, and particularly, 
in the Abidjan district, groundwater samples were sent to the Wessling laboratory in France for analysis.  

2. Materials and Methods 

2.1. Samples 

This study concerns the 13 toxic waste-contaminated zones in the southern region of Ivory Coast, located within the 
Abidjan district. The samples analysed were collected from 17 piezometers that have been built to manage underground 
waters in these 13 toxic waste dumping zones in Abidjan district. The geographical coordinates are presented in Table 
1. 

Table 1 The geographic position of 13 contaminated toxic waste zones 

Zone  Unloading geographic position  

Cocody: Akouédo -AkouédoI : N 05°21.429’ - W 03°56.095’ 

-AkouédoII : N 05°21.077’ - W 03°56.206’ 

-AkouédoIII : N 05°21.425’ - W 03°56.028’ 

Abobo -Abobo (Coco services) : N 05°24.092’ - W 04°01.167’ 

-AboboSagbé : N 05°24.409’ - W 04°01.593’ 

-Plateau DoduiI : N 05°23.403’ - W 04°00.367’ 

Abobo Alépé Road (Djibi Village) -Alépé1 : N 05°27.373’ - W 03°58.344’ 

-Alépé2 : N 05°27.572’ - W 03°58.280’ 

Yopougon: Civile Prison Road  (MACA) -MACA I : N 05°23.354’ - W 04°04.710’ 

-MACA II : N 05°24.811’ - W 04°04.674’ 

-MACA III : N 05°25.309’ - W 04°04.405’ 

Koumassi -Koumassi Industrial Zone : N 05°17.547’ - W 03°56.783’ 

Port-Bouet -Vridi CAP Logistic : N 05°15.832’ - W 03°59.980’ 

Underground waters were sampled in 17 piezometers of these 13 zones. The extract contained PAHs, VACs, mercaptans, 
sulfur, heavy metals, and various organic compounds ranging from macromolecules (e.g., asphaltenes) to mono-
aromatic units. These analyses were conducted using a photometer-equipped microscope to determine the proportion 
of volume occupied by different underground waters.  

2.2. Hydrogeology of toxic waste tipping zone 

The hydrogeology context of the survey zone is characterized by two types of acquiferes: the discontinuous acquiferes 
of the pedestal and the continuous acquifere of the inshore sedimentary basin that contain the continental terminal of 
Abidjan. In the formations of pedestal, the permeability is weak in clay reservoir, and strong to the discontinuous 
acquifere.  
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The conceptual diagram of this type of reservoir show that clay plays a role of storage (capacitive function) and as a 
broken reservoir role (conductive function) (Antea, 2007). 

 In non influenced system (out pumping) the two acquiferes are balance. The porosity would be there strong and the 
permeabilities are weak generally.  

The works of these authors (Koffi and al., 2013) showed also that these waters are generally of good chemical quality 
and that they are surmounted by reservoirs of clay generally exploited by villagers well whose depths fewer than 5 m. 
The transmissivity met on the set of the survey zone is consisted generally between 1,9 10-6 and 8,9 10-5 m2/s in the 
schistose levels and 2,3 10-5 and 4,6 10-4 m2/s in the levels granitiques.   

On a card piezometrique achieved by the National office of the drinking water (ONEP) in June 2020, the points of tipping 
of the toxic waste have been projected in order to get a card (Figure 1). The isopiezes curves descended of this country 
leaves from the coast 55 to 0 m with a out-flow sense of NS and NW. The analysis of the isopiezes card show that the 
static level of the different works of Abidjan (LBTP, 2015) (Rockwell, 2021). 

 

Figure 1 Piezometric card of Abidjan 

2.3. Hydrochemistry of toxic waste   

The table 2 show the minimal values, middle and maximal of physico-chemical analyzed parameters. The pH of 
groundwaters varies from 3,6 to 7,4 with an average of 5,6. The conductivity, when to it, oscillate between 42 µ S/cms 
and 4380 µ S/cms. The concentrations of ions ammonium vary from 0,11 mg/L to 16,77 mg/L, with an average of 2,75 
mg/L. The shape oxidized of nitrogen (the nitrate ion) has some concentrations between 2,22 mg/L to 252,51 mg/L 
(correspondent to five more than the WHO norm) (Rockwell (2021). 
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Table 2 Physico-chemical parameters of the samples of the underground waters of Abidjan   

Parameters  Minimum Middle Maximum Standard-deviation 

pH 3.6 5.6 7.4 0.91 

Cond (µS/cm) 42 772.78 4380 589.97 

TDS (mg/L) 19.8 388.87 2270 301.61 

NH4+ (mg/L) 0.11 2.75 16.77 3.82 

NO3+ (mg/L) 2.22 42.4 252.51 39.07 

HCO3- (mg/L) 0.49 2.6 17.69 3.03 

SO42- (mg/L) 1.77 30.83 131.43 26.81 

Cl- (mg/L) 15.98 76.75 244.95 46.23 

Ca2+ (mg/L) 4.53 40.18 125 25.67 

Mg2+ (mg/L) 0.63 42.53 179.65 37.84 

Na+ (mg/L) 10.45 47.23 98.94 20.43 

K+ (mg/L) 0.59 28.99 105.68 17.36 

2.4. Setting reglementation: Netherland international norms  

The international norms of Netherland intervention for the dépollution of the underground waters are been used for 
this workas reference. These norms correspond to the limits of dépollution judged acceptable by Netherland and used 
in this situation by the government of Ivory Coast (UN Environment, 2017). 

2.5. Analytical 

2.5.1. Extraction-fractionation 

A mixture of chloroform / methanol (50/50 v/v) are been used for the samples with a strong waters content (Biache, 
2008). Aliphatic, aromatic, and polar fractions were separated by liquid chromatography on a silica column through 
successive elution with pentane and a pentane/dichloromethane mixture. Polar compound were recovered using a 
methanol/dichloromethane mixture. After each step, the recovered fractions were weighed and the mass differences 
were calculated. 

2.5.2. Gas Chromatography-mass Spectrometry 

Table 3 Parameters and analytical methods 

Parameters Norm Technical  Laboratory 

Benzene and aromatics (VAC -BTEX)  NF ISO 11423-1(#) GC-MS Wessling Lyon (F) 

Volatile Halogenated Hydrocarbons  
Compounds (VHOC) on water 

NF EN ISO 10301(#) GC-MS Wessling Lyon (F) 

Polycyclics Aromatics Hydrocarbons (HAP)  Internal method HAP-PCB adapted 
de NF T90-115(#) 

GC-MS 

GC-FID 

Wessling Lyon (F) 

Hydrocarbons Idication (GC) on water / 
leached (HCT) 

NF EN ISO 9377-2(A) GC-FID Wessling Lyon (F) 

Metals / Elements on water / leached  DIN EN ISO 11885 / DIN EN ISO 
17294-2(A) 

(ICP-MS) Wessling 
Altenberge (D) 

Metals on water / leached   NF EN ISO 17294-2(#) (ICP-MS) Wessling Lyon (F) 

Metals on water / leached (ICP-MS)  NF EN ISO 17294-2(#) (ICP-MS) Wessling Lyon (F) 

Mercaptans on water WEX 100 (ICP-MS) Partner 
Laboratory 
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Aliphatic and aromatic hydrocarbons, along with polar compounds, were analyzed by gas chromatography–mass 
spectrometry (GC–MS) using an HP 5890 Series II GC coupled to an HP 5971 mass spectrometer. An on-column injector, 
a 60 m DB-5 J&W fused silica column (0.25 mm i.d., 0.1 mm film thickness), and a temperature program of 40–300 °Cat 
3 °C/min followed by an isothermal stage at 300 °C for 15 minutes (with constant helium flow at 1 ml/min) were 
employed. Due to the presence of carboxylic acids in the polar fractions, silylation using BSTFA + 1% TMCS (99/1) was 
performed to enhance chromatographic resolution (Biache et al., 2014). A small aliquot of the sample was dissolved in 
the derivatizing solution at a concentration of 4 mg/ml and heated for 15 minutes at 50 °C. One microliter of the solution 
was then directly injected into the gas chromatograph (Biache et al., 2014).  Geochemical analytical techniques such as 
GC-FID and ICP-MS were also applied in this study. Details of all analytical methods are provided in Table 3. 

3. Results 

The results of this study concern underground water collected from toxic waste affected zones in Abidjan district. These 
samples were sent to the Wessling labolatory in France for analysis. The findings revealed that Polycyclics Aromatics 
Hydrocarbons (PAH), Volatile Aromatics Compound (VAC), mercaptans, sulfurs-containing molecules, and heavy metals 
were the primary pollutants present in the underground waters.     

3.1. Concentrations of underground waters samples in Polycyclics Aromatics Hydrocarbons (PAH) 

The Table 4 show the concentrations of underground waters samples in Polycyclics Aromatics Hydrocarbons (PAH). As 
the norms Netherlanders of the underground waters are not being defined for the 16 HAP, the concentrations of the 
waters of the piezometers measured on the 13 sites have been compared to the site 2 of Anyama, site of reference. For 
all, concentrations of the 16 HAP are equal the site 2 of Anyama, site of reference. Only the site 1 Erymakouguié show 
meaningful variations to site 2 of Anyama reference. Thus, the concentration of Pyrene is 0,06 µg/ls for this site 1 
whereas it is 0,02 µg/ls for the site 2 of Anyama reference. Either, 0,04 µg/ls more than the site 2 of Anyama reference. 
The concentration of Benzo (a) anthracene is 0,03 µg/ls for this site 1 whereas it is 0,02 µg/ls for the site 2 of Anyama 
reference. Either, 0,01 µg/ls more than the site 2 of Anyama reference. The concentration of Chrysene is 0,91 µg/ls for 
this site 1 whereas it is 0,02 µg/ls for the site 2 of Anyama reference. Either, 0,89 µg/ls more than the site 2 of Anyama 
reference. The concentration of Benzo (b) fluoranthene is 0,11 µg/ls for this site 1 whereas it is 0,02 µg/ls for the site 2 
of Anyama reference. Either, 0,09 µg/ls more than the site 2 of Anyama reference. The concentration of Benzo (k) 
fluoranthene is 0,14 µg/ls for this site 1 whereas it is 0,02 µg/ls for the site 2 of Anyama reference. Either, 0,12 µg/ls 
more than the site 2 of Anyama reference. The concentration of Benzo (a) pyrene is of 0,05 µg/ls for this site 1 whereas 
it is 0,02 µg/ls for the site 2 of Anyama reference. Either, 0,03 µg/ls more than the site 2 of Anyama reference. The 
concentration of Dibenzo (a,h) anthracene is 0,03 µg/ls for this site 1 whereas it is 0,02 µg/ls for the site 2 of Anyama 
reference. Either, 0,01 µg/ls more than the site 2 of Anyama reference.   
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Table 4 Concentrations of underground waters samples in Polycyclics Aromatics Hydrocarbons (PAH) 

Sample number Sample name 
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23-001385-01 SITE 1. ERYMAKOUGUIE (point 1 et 15 et 16)                     0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.06 0.03 0.91 0.11 0.14 0.05 0.03 0.02 0.02 

23-001385 03 SITE 3. Dokui 2 (point 3 et 35 et 36)                                                 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

23-001385-04 SITE 4. ABOBO COCO SERVICE (point 4 et 45 et 46)                0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

23-001385-05 SITE 5. ABOBO SAGBE (point 5 et 55 et 56)       0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

23-001385-06 SITE 6. AKOUEDO (point 6 et 55 et 66)             
 

0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

23-001385-07 SITE 7. M’BADON (point 7 et 75 et 76) 
 

0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

23-001385-08 SITE 8. KOUMASSI 1 (point 8 et 85 et 86)         
 

0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

23-001385-09 SITE 9. FILTISSAC (point 9 et 95 et 96)       0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

23-001385-10 SITE 10. MACA CITE ADO (point 10 et 105 et 106) 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

23-001385-11 SITE 11. 4.CROIX (point 11 et 115 et 116)          0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

23-001385-12 SITE 12. ALEPE 1 (point 12 et 125 et 126)            0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

23-001385-13 SITE 13. VRIDI LDC (point 13 et 135 et 136)          0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

23-001385-02 SITE 2. ANYAMA REFERENCE (point 2 et 25 et 
26                                

0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

  Netherland international norms (µg/l) ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
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All these variations measured to the level of this site reveal the bad quality of waters to the site 1 Erymakouguié. All 
these variations are presented on the Figure 2. 

 

Figure 2 Comparison between HAP concentrations of the Site 1 Erymankoudguié and Site 2 of Anyama reference 

3.2. Concentrations of underground waters samples in Benzene, Ethylbenene, Toluene, Ethyltoluene, Xylene 
(BETEX)   

The table 5 show the concentrations of underground waters samples in Benzene, Ethylbenene, Toluene, Ethyltoluene, 
Xylene (BETEX). For all BETEX, the concentrations of the waters of the piezometers measured to the 13 sites are equal 
to the site 2, site of Anyama reference.  Besides, the parameters for which, the Netherlanders norms are defined that 
are: Benzene, Toluene, Ethylbenzene, o-xylene, m-p-xylene, has some concentrations extensively under this side of the 
concentrations of this norms. These results suggest that the concentration of the BETEX respects the Netherlanders 
norms.   
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Table 5 Concentrations of underground waters samples in Benzene, Ethylbenene, Toluene, Ethyltoluene, Xylene (BETEX) 

Sample number Sample name 
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23-001385-01 SITE 1. ERYMAKOUGUIE (point 1 et 15 et 16)                     0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

23-001385-03 SITE 3. Dokui 2 (point 3 et 35 et 36)                                                                                     0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

23-001385-04 SITE 4. ABOBO COCO SERVICE (point 4 et 45 et 46) 
 

0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

23-001385-05 SITE 5. ABOBO SAGBE (point 5 et 55 et 56) 
 

0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

23-001385-06 SITE 6. AKOUEDO (point 6 et 55 et 66)                                                                           0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

23-001385-07 SITE 7. M’BADON (point 7 et 75 et 76)                                                               0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

23-001385-08 SITE 8. KOUMASSI 1 (point 8 et 85 et 86)                                                                         0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

23-001385-09 SITE 9. FILTISSAC (point 9 et 95 et 96)                                                                         0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

23-001385-10 SITE 10. MACA CITE ADO (point 10 et 105 et 106) 
 

0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

23-001385-11 SITE 11. 4.CROIX (point 11 et 115 et 116)                                                       0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

23-001385-12 SITE 12. ALEPE 1 (point 12 et 125 et 126_ 
 

0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

23-001385-13 SITE 13. VRIDI LDC (point 13 et 135 et 136)          0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

23-001385-02 SITE 2. ANYAMA REFERENCE (point 2 et 25 et 26) 
 

0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

  Netherland international norms (µg/l) 30 150 1000 70 70 ND ND ND ND ND 
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3.3. Concentrations of underground waters samples in Aliphatic Hydrocarbons   

The table 6 show the concentrations of underground waters samples in Aliphatic Hydrocarbons. All concentrations of 
the hydrocarbons aliphatic C10-C40 for the sites 4 Coco Services, site 5 AboboSagbé, site 6 Akouédo, site 8 Koumassi, 
site 9 Filtisac, site 10 Maca ADO city , site 11 Croix, site 12 Alépé 1 and site 13 Vridi LDC are under concentrations of the 
site 2 Anyama reference.    

For the site 1, site of Erymankouguié, all concentrations of the hydrocarbons aliphatic C10-C40 are superior to the site 
2 of reference of Anyama (Figure 3). These results suggest the bad quality of water. So, the concentration of the 
hydrocarbons aliphatic C10-C40 is 6,8 mg/l for this site 1 whereas she is of 0,39 mg/l for the site 2 of Anyama reference. 
Either, 6,41 mg/l more than the site 2 of Anyama reference. The concentration of the hydrocarbons aliphatic C10-C12 
is 0,5 mg/l for this site 1 whereas she is 0,1 mg/l for the site 2 of Anyama reference. Either, 0,4 mg/l more than the site 
2 of Anyama reference. The concentration of the hydrocarbons aliphatic C12-C16 is 0,5 mg/l for this site 1 whereas she 
is 0,1 mg/l for the site 2 of Anyama reference. Either, 0,4 mg/l more than the site 2 of Anyama reference. The 
concentration of the hydrocarbons aliphatic C16-C21 is 0,5 mg/l for this site 1 whereas she is of 0,1 mg/l for the site 2 
of Anyama reference. Either, 0,4 mg/l more than the site 2 of Anyama reference. The concentration of the hydrocarbons 
aliphatic C21-C35 is 6 mg/l for this site 1 whereas she is 0,35 mg/l for the site 2 of Anyama reference. Either, 5,65 mg/l 
more than the site 2 of Anyama reference. The concentration of the hydrocarbons aliphatic C35-C40 is 0,7 mg/l for this 
site 1 whereas she is 0,1 mg/l for the site 2 of Anyama reference. Either, 0,6 mg/l more than the site 2 of Anyama 
reference.   

 

Figure 3 Comparison between the concentrations of Aliphatic Hydrocarbons of the Site 1 Erymankoudguié and Site 2 
of Anyama reference 

For the site 3, site Dokui 2, the concentration of the hydrocarbons aliphatic C10-C40 is 0,99 mg/l for this site 1 whereas 
she is 0,39 mg/l for the site 2 of Anyama reference. Either, 0,6 mg/l more than the site 2 of Anyama reference. The 
concentration of the hydrocarbons aliphatic C21-C35 is 0,83 mg/l for this site 1 whereas she is 0,35 mg/l for the site 2 
of Anyama reference. Either, 0,48 mg/l more than the site 2 of Anyama reference. The concentration of the hydrocarbons 
aliphatic C35-C40 is 0,12 mg/l for this site 1 whereas she is 0,1 mg/l for the site 2 of Anyama reference. Either, 0,02 
mg/l more than the site 2 of Anyama reference. For the site 7, site M’Badon, the concentration of the hydrocarbons 
aliphatic C10-C40 is 0,7 mg/l for this site 7 whereas she is 0,39 mg/l for the site 2 of Anyama reference. Either, 0,31 
mg/l more than the site 2 of Anyama reference. The concentration of the hydrocarbons aliphatic C21-C35 is 0,48 mg/l 
for this site 7 whereas she is 0,35 mg/l for the site 2 of Anyama reference. Either, 0,13 mg/l more than the site 2 of 
Anyama reference. The concentration of the hydrocarbons aliphatic C35-C40 is 0,2 mg/l for this site 7 whereas she is 
0,1 mg/l for the site 2 of Anyama reference. Either, 0,1 mg/l more than the site 2 of Anyama reference.   
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Table 6 Concentrations of underground waters samples in Aliphatic Hydrocarbons 

Sample number Sample name 
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23-001385-01 SITE 1. ERYMAKOUGUIE (point 1 et 15 et 16)                     6.8 0.5 0.5 0.5 6 0.7 

23-001385-03 SITE 3. Dokui 2 (point 3 et 35 et 36)                                                                                     0.99 0.05 0.05 0.05 0.83 0.12 

23-001385-04 SITE 4. ABOBO COCO SERVICE (point 4 et 45 et 46)                                                                                 0.09 0.05 0.05 0.05 0.07 0.05 

23-001385-05 SITE 5. ABOBO SAGBE (point 5 et 55 et 56)                                                                               0.05 0.05 0.05 0.05 0.05 0.05 

23-001385-06 SITE 6. AKOUEDO (point 6 et 55 et 66)                                                                           0.05 0.05 0.05 0.05 0.05 0.05 

23-001385-07 SITE 7. M’BADON (point 7 et 75 et 76)                                                               0.7 0.05 0.05 0.05 0.48 0.2 

23-001385-08 SITE 8. KOUMASSI 1 (point 8 et 85 et 86)                                                                         0.15 0.05 0.05 0.05 0.11 0.05 

23-001385-09 SITE 9. FILTISSAC (point 9 et 95 et 96)                                                                         0.05 0.05 0.05 0.05 0.05 0.05 

23-001385-10 SITE 10. MACA CITE ADO (point 10 et 105 et 106)                                                                             0.05 0.05 0.05 0.05 0.05 0.05 

23-001385-11 SITE 11. 4.CROIX (point 11 et 115 et 116)                                                       0.05 0.05 0.05 0.05 0.05 0.05 

23-001385-12 SITE 12. ALEPE 1 (point 12 et 125 et 126)                                                                               0.05 0.05 0.05 0.05 0.05 0.05 

23-001385-13 SITE 13. VRIDI LDC (point 13 et 135 et 136)          0.05 0.05 0.05 0.05 0.05 0.05 

23-001385-02 SITE 2. ANYAMA REFERENCE (point 2 et 25 et 26)                                                                 0.39 0.1 0.1 0.1 0.35 0.1 

  Netherland international norms (mg/l) 600000 ND ND ND ND ND 
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The Figure 4 show the concentrations of the aliphatic hydrocarbons of the sites 3, Dokui 2 and site 7 M’Badon in relation 
to the site 2 of Anyama reference.   

 

Figure 4 Comparison between concentrations of the Aliphatic Hydrocarbons of the Site 1 Erymankoudguié and Site 2 
of Anyama reference 

3.4. Concentrations of underground waters samples in Mercaptans   

The table 7 show the concentrations of underground waters samples in Mercaptans. For all mercaptans, the 
concentrations of the waters of the piezometers measured to the 13 sites are equal to the one of the site 2 Anyama 
reference. Without the sites 5 of Abobo Coco services, site 6 Abobo Sagbé and site 9 Filtissac where concentrations 0,6 
µg/ls and 0,4 µg/ls and 0,5 µg/ls have been found respectively for mercury, this concentration are of 0,2 µg/ls for the 
site2 Anyama reference. Either, 0,4 µg/ls, 0,2 µg/ls and 0,3 µg/ls more than the site 2 Anyama reference. These three 
concentrations are over to the site 2 Anyama reference and to the concentration of mercury of the Netherlander norm 
which is of 0,3 µg/ls, only concentration determine by this norm for the mercaptans.   
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Table 7 Concentrations of underground waters samples in Mercaptans 
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23-001385-01 SITE 1. ERYMAKOUGUIE (point 1 et 15 et 
16)                 

0.2 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

23-001385-03 SITE 3. Dokui 2 (point 3 et 35 et 36) 
 

0.2 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

23-001385-04 SITE 4. ABOBO COCO SERVICE (point 4 et 45 et 
46)                  

0.6 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

23-001385-05 SITE 5. ABOBO SAGBE (point 5 et 55 et 56) 
 

0.4 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

23-001385-06 SITE 6. AKOUEDO (point 6 et 55 et 66) 
 

0.2 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

23-001385-07 SITE 7. M’BADON (point 7 et 75 et 76)      
 

0.2 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

23-001385-08 SITE 8. KOUMASSI 1 (point 8 et 85 et 86) 
 

0.2 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

23-001385-09 SITE 9. FILTISSAC (point 9 et 95 et 96) 
 

0.5 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

23-001385-10 SITE 10. MACA CITE ADO (point 10 et 105 et 
106)                   

0.2 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

23-001385-11 SITE 11. 4.CROIX (point 11 et 115 et 116) 0.2 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

23-001385-12 SITE 12. ALEPE 1 (point 12 et 125 et 126) 0.2 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

23-001385-13 SITE 13. VRIDI LDC (point 13 et 135 et 136)          0.2 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

23-001385-02 SITE 2. ANYAMA REFERENCE (point 2 et 25 et 
26)                          
 

0.2 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

  Netherland international norms (µg/l) 0.3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
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3.5. Concentrations of underground waters samples in Metallic Traces Elements (MTE)   

The table 8 show the concentrations of underground waters samples in Metallic Traces Elements (MTE). All concentrations of the MTE waters of the piezometers 
measured on the site 2 Anyama reference are lower or equal to the Netherlander norms. It reveals the good quality of the underground waters of this reference site 
2 for what concerns the MTE. The concentration of sulfur is not defined by the norms Netherlanders, but the concentrations of all others chemical elements of the 
MTE of the 17 piezometers are lower to the securities defined by this norm. Except the concentration of lead of the site 9, Filtissac that is 130 µg/ls whereas it is 75 
µg/ls for the Netherlander norm. Either, 55 µg/ls more than the Netherlander norm.   

Table 8 Concentrations of underground waters samples in Metallic Traces Elements (MTE)  

Sample number Sample name 
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23-001385-01 SITE 1. ERYMAKOUGUIE (point 1 et 15 et 16)                     15 12 0.5 5 5 10 11 230 120 0.2 

23-001385-03 SITE 3. Dokui 2 (point 3 et 35 et 36)                         15 10 0.5 5 5 10 10 1400 61 0.2 

23-001385-04 SITE 4. ABOBO COCO SERVICE (point 4 et 45 et 46)              15 31 0.5 5.8 5 10 10 1700 150 0.6 

23-001385-05 SITE 5. ABOBO SAGBE (point 5 et 55 et 56)      15 10 0.5 5 5 10 10 57 84 0.4 

23-001385-06 SITE 6. AKOUEDO (point 6 et 55 et 66)                                          15 10 0.5 5 5 10 10 1800 92 0.2 

23-001385-07 SITE 7. M’BADON (point 7 et 75 et 76) 15 16 0.5 5 5 10 10 900 75 0.2 

23-001385-08 SITE 8. KOUMASSI 1 (point 8 et 85 et 86)         15 37 0.5 5 5 10 11 21000 87 0.2 

23-001385-09 SITE 9. FILTISSAC (point 9 et 95 et 96)        39 130 0.5 11 5 80 73 1700 200 0.5 

23-001385-10 SITE 10. MACA CITE ADO (point 10 et 105 et 106)               15 13 0.5 5 5 10 18 9800 78 0.2 

23-001385-11 SITE 11. 4.CROIX (point 11 et 115 et 116) 15 10 0.5 5 5 10 10 140 50 0.2 

23-001385-12 SITE 12. ALEPE 1 (point 12 et 125 et 126)      15 10 0.5 5 5 10 10 1500 70 0.2 

23-001385-13 SITE 13. VRIDI LDC (point 13 et 135 et 136)          20 10 0.5 20 5 10 10 1700 24 0.2 

23-001385-02 SITE 2. ANYAMA REFERENCE (point 2 et 25 et 26)            15 12 0.5 5 5 10 10 260 74 0.2 

  Netherland international norms (µg/l) 60 75 6 30 100 75 75 ND 800 0.3 
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However, the comparison of piezometers waters of the different sites 1 to 13 has been achieved and permitted to show 
that the concentrations of arsenic, lead, cadmium, chromium, cobalt, copper, sulfur and mercury of piezometers waters 
measured on the site 1, site of Erymakouguié is equal to the one of the site 2 of Anyama reference. But nickel and zinc 
11 µg/ls and 120 µg/ls respectively of the site 1, site of Erymakouguié are over to the one of the site 2 Anyama reference 
10 µg/ls and 74 µg/ls respectively. Either, 1 and 46 µg/ls more than the site 2 of Anyama reference. All concentrations 
of the MTE of piezometers water measured on the site 3, site of the Dokui 2 is lower or equal to the one of the site 2 
Anyama reference, only the sulphur which the concentration of 1400 µg/ls measured on the site 3 passes from 1140 
µg/ls of the reference site that is of 260 µg/ls. The concentrations of the arsenic, cadmium, cobalt, copper, nickel of the 
piezometers waters measured on the site 4, site of Abobo Coco Service is equal to the one of the site 2 of Anyama 
reference. But those of lead, chromium, sulfur, zinc and mercury respectively of 31 µg/ls, 5,8 µg/ls, 1700 µg/ls, 150 
µg/ls and 0,6 µg/ls of the site 4, site of Abobo Coco Service is respectively over to the one of the site 2 of Anyama 
reference of 12 µg/ls, 5 µg/ls, 260 µg/ls, 74 µg/ls, 0,6 µg/ls. Either, 19 µg/ls, 0,8 µg/ls, 1440 µg/ls, 76 µg/ls and 0,4 µg/ls 
respectively more than the site of reference. But those of nickel and zinc respectively of 11 µg/ls and 120 µg/ls of the 
site 1, site of Erymakouguié is respectively over to the site 2 of Anyama reference of 10 µg/ls and 74 µg/ls. Either, 1 and 
46 µg/ls more than the site 2 of Anyama reference. The concentrations of arsenic, lead, cadmium, chromium, cobalt, 
copper, nickel and sulfur of the piezometers waters measured on the site 5, site of Sagbé Abobo is lower or equal to the 
one of the site 2 of Anyama reference. But those of zinc and mercury respectively of 84 µg/ls and 0,4 µg/ls of the site 5, 
site of Sagbé Abobo are respectively over to the one of the site 2 of Anyama reference of 74 µg/ls and 0,2 µg/ls. Either, 
10 µg/ls and 0,2 µg/ls more than the site 2 of Anyama reference. The concentrations of arsenic, lead, cadmium, 
chromium, cobalt, copper, nickel and the mercury of the piezometers waters of measured on the site 6, site of Akouédo 
is lower or equal to the one of the site 2 of Anyama reference. But those of sulfur and zinc and respectively of 1800 µg/ls 
and 92 µg/ls of the site 6, site of Akouédo are respectively over to the one of the site 2 Anyama reference of 260 µg/ls 
and 74 µg/ls. Either, 1540 µg/ls and 18 µg/ls more than the site 2 Anyama reference. The concentrations of arsenic, 
cadmium, chromium, cobalt, copper, nickel and mercury of the piezometers waters measured on the site 7, site of 
M’Badon is lower or equal to the one of the site 2 Anyama reference. But those of lead, sulfur and zinc of 16 µg/ls, 900 
µg/ls and 75 µg/ls of the site 6, site of Akouédo are over to the one of the site 2 Anyama reference respectively of 12 
µg/ls, 260 µg/ls and 75 µg/ls. Either, 4 µg/ls, 640 µg/ls and 1 µg/l more than the site 2 Anyama reference.  

The concentrations of arsenic, of cadmium, of chromium, cobalt, copper and mercury of the piezometers waters 
measured on the site 8, site of Koumassi are lower or equal to the one of the site 2 Anyama reference. But those of lead, 
of the nickel of sulfur and zinc respectively of 37 µg/ls, 11 µg/ls, 21000 µg/ls and 87 µg/ls of the site 8, site of Koumassi 
are respectively over to the one of the site 2 Anyama reference of 12 µg/ls, 10 µg/ls, 260 µg/ls, 87 µg/ls. Either, 25 µg/ls, 
1 µg/l, 20740 µg/ls and 13 µg/ls more than the site 2 of Anyama reference. The concentrations of cadmium and cobalt 
of the piezometers waters measured on the site 9, site of Filtissac is lower or equal to the one of the site 2 of Anyama 
reference. But those of arsenic, lead, chromium, copper, nickel, sulfur, zinc and mercury are respectively 39 µg/ls, 130 
µg/ls, 11 µg/ls, 80 µg/ls, 73 µg/ls, 1700 µg/ls, 200 µg/ls and 0,5 µg/ls of the site 9, site of Filtissac are respectively over 
to the one of the site 2 Anyama reference of 15 µg/ls, 12 µg/ls, 5 µg/ls, 10 µg/ls, 10 µg/ls, 260 µg/ls, 74 µg/ls and 0,2 
µg/ls. Either, 24 µg/ls, 118 µg/ls, 6 µg/ls, 70 µg/ls, 63 µg/ls, 1440 µg/ls, 126 µg/ls and 0,3 µg/ls more than the site 2 
Anyama reference. The concentrations of arsenic, cadmium, chromium, cobalt, copper, and of mercury of the waters of 
piezometers measured on the site 10, site of Maca ADO City is lower or equal to the site 2 Anyama reference. But those 
of lead, nickel, sulfur and zinc respectively of 13 µg/ls, 18 µg/ls, 9800 µg/ls and 78 µg/ls of the site 10, site of Maca ADO 
City are respectively over to the one of the site 2 of Anyama reference of 12 µg/ls, 10 µg/ls, 260 µg/ls and 74 µg/ls. 
Either, 1 µg/l, 8 µg/ls, 9540 µg/ls, 4 µg/ls more than the site 2 of Anyama reference. All concentrations of the MTE 
measured on the piezometers waters of the site 11, site of Croix are lower or equal to the one of the site 2 Anyama 
reference. This reveals the good quality of the underground waters of this site. All concentrations of the MTE of the 
piezometers waters measured on the site 12, site of Alepé 1 is lower or equal to the one of the site 2 of Anyama reference, 
only the sulfur of which the concentration of 1500 µg/ls measured on the site 3 passes from 1240 µg/ls the one of the 
reference site that is of 260 µg/ls. The concentrations of lead, cadmium, cobalt, copper, nickel, zinc and mercury of of 
the piezometers waters measured on the site 13, site of Vridi is lower or equal to the one of the site 2 Anyama reference. 
But those of arsenic, chromium and sulfur of 20 µg/ls, 20 µg/ls and 1700 µg/ls of the site 13, site of Vridi are respectively 
over to the one of the site 2 Anyama reference of 15 µg/ls, 5 µg/ls and 260 µg/ls. Either, 5 µg/ls, 15 µg/ls and 1440 µg/ls 
more than the site 2 Anyama reference.   

4. Discussion 

The results of the analyses of the underground waters of 17 piezometers surroundings the 13 sites of toxic waste show 
that the chemical compounds are: the global parameters of indications of hydrocarbons, the heavy metals, the volatile 
halogenated hydrocarbons (COHV), the benzene and the aromatic (CAV-BETEX), the polycyclic aromatic hydrocarbons 
(HAP), the mercaptans rich in sulphides. These results have been compared to the Netherland international norms of 
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underground waters depollution. These norms correspond to the limits of depollution judged acceptable by Ivory Coast 
government. The results show that the underground waters have not been generally affected by this episode of 
contamination by the toxic waste.   

4.1. Decision matrix of the Polycyclic Aromatic Hydrocarbons (PAH)   

The table 9 show the decision matrix of the Polycyclic Aromatic Hydrocarbons (HAP). The decision matrix of the PAH 
show that the only one site that puts more problems is the site 1, Erymakoudjé site where the chemical element are 
over the site 2, Anyama reference: the pyrene, the benzo (a) anthracene, the chrysene, the benzo (b) fluoranthene, the 
benzo (k) fluorenthene, the benzo (a) pyrene; the dibenzo (a,h) anthracene, therefore it is bad quality water. The 
underground waters of the other piezometers don't pose a problem with regard to the HAP, this show that they are 
good quality water.   
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Table 9 Decision matrix of the Polycyclic Aromatic Hydrocarbons (PAH)   
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23-001385-01 SITE 1. ERYMAKOUGUIE (point 1 et 15 et 16)                     0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.06 0.03 0.91 0.11 0.14 0.05 0.03 0.02 0.02 

23-001385-03 SITE 3. Dokui 2 (point 3 et 35 et 36) 
 

0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

23-001385-04 SITE 4. ABOBO COCO SERVICE (point 4 et 45 et 46) 
 

0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

23-001385-05 SITE 5. ABOBO SAGBE (point 5 et 55 et 56) 
 

0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

23-001385-06 SITE 6. AKOUEDO (point 6 et 55 et 66) 
 

0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

23-001385-07 SITE 7. M’BADON (point 7 et 75 et 76)        0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

23-001385-08 SITE 8. KOUMASSI 1 (point 8 et 85 et 86) 
 

0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

23-001385-09 SITE 9. FILTISSAC (point 9 et 95 et 96) 
 

0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

23-001385-10 SITE 10. MACA CITE ADO (point 10 et 105 et 106) 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

23-001385-11 SITE 11. 4.CROIX (point 11 et 115 et 116)                       0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

23-001385-12 SITE 12. ALEPE 1 (point 12 et 125 et 126)  0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

23-001385-13 SITE 13. VRIDI LDC (point 13 et 135 et 136)          0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

23-001385-02 SITE 2. ANYAMA REFERENCE (point 2 et 25 et 26) 
 

0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

  Netherland international norms (µg/l) ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
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4.2. Decision matrix of Benzene, Ethylbenene, Toluene, Ethyltoluene, Xylene (BETEX)   

The table 10 show the decision matrix of Benzene, Ethylbenene, Toluene, Ethyltoluene, Xylene (BETEX). The decision matrix of the BETEX show that underground 
waters of the other piezometers don't pose a problem with regard to the BETEX, this don’t show that they are good quality water.   

Table 10 Decision matrix of Benzene, Ethylbenene, Toluene, Ethyltoluene, Xylene (BETEX)   
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23-001385-01 SITE 1. ERYMAKOUGUIE (point 1 et 15 et 16)                     0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

23-001385-03 SITE 3. Dokui 2 (point 3 et 35 et 36)                                                                                     0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

23-001385-04 SITE 4. ABOBO COCO SERVICE (point 4 et 45 et 46 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

23-001385-05 SITE 5. ABOBO SAGBE (point 5 et 55 et 56) 
 

0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

23-001385-06 SITE 6. AKOUEDO (point 6 et 55 et 66)                                                                           0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

23-001385-07 SITE 7. M’BADON (point 7 et 75 et 76)                                                               0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

23-001385-08 SITE 8. KOUMASSI 1 (point 8 et 85 et 86)                                                                         0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

23-001385-09 SITE 9. FILTISSAC (point 9 et 95 et 96)                                                                         0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

23-001385-10 SITE 10. MACA CITE ADO (point 10 et 105 et 106)                                           0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

23-001385-11 SITE 11. 4.CROIX (point 11 et 115 et 116)                                                       0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

23-001385-12 SITE 12. ALEPE 1 (point 12 et 125 et 126) 
 

0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

23-001385-13 SITE 13. VRIDI LDC (point 13 et 135 et 136)          0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

23-001385-02 SITE 2. ANYAMA REFERENCE (point 2 et 25 et 26) 
 

0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

  Netherland international norms (µg/l) 30 15
0 

100
0 

70 70 ND ND ND ND ND 
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4.3. Decision Matrix of Aliphatic Hydrocarbons   

Table 11 Decision matrix of the Aliphatic Hydrocarbons. 
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23-001385-01 SITE 1. ERYMAKOUGUIE (point 1 et 15 et 16)                     6.8 0.5 0.5 0.5 6 0.7 

23-001385-03 SITE 3. Dokui 2 (point 3 et 35 et 36)                                                                                     0.99 0.05 0.05 0.05 0.83 0.12 

23-001385-04 SITE 4. ABOBO COCO SERVICE (point 4 et 45 et 46)                                                                                 0.09 0.05 0.05 0.05 0.07 0.05 

23-001385-05 SITE 5. ABOBO SAGBE (point 5 et 55 et 56)                                                                               0.05 0.05 0.05 0.05 0.05 0.05 

23-001385-06 SITE 6. AKOUEDO (point 6 et 55 et 66)                                                                           0.05 0.05 0.05 0.05 0.05 0.05 

23-001385-07 SITE 7. M’BADON (point 7 et 75 et 76)                                                               0.7 0.05 0.05 0.05 0.48 0.2 

23-001385-08 SITE 8. KOUMASSI 1 (point 8 et 85 et 86)                                                                         0.15 0.05 0.05 0.05 0.11 0.05 

23-001385-09 SITE 9. FILTISSAC (point 9 et 95 et 96)                                                                         0.05 0.05 0.05 0.05 0.05 0.05 

23-001385-10 SITE 10. MACA CITE ADO (point 10 et 105 et 106)                                                                             0.05 0.05 0.05 0.05 0.05 0.05 

23-001385-11 SITE 11. 4.CROIX (point 11 et 115 et 116)                                                       0.05 0.05 0.05 0.05 0.05 0.05 

23-001385-12 SITE 12. ALEPE 1 (point 12 et 125 et 126)                                                                               0.05 0.05 0.05 0.05 0.05 0.05 

23-001385-13 SITE 13. VRIDI LDC (point 13 et 135 et 136)          0.05 0.05 0.05 0.05 0.05 0.05 

23-001385-02 SITE 2. ANYAMA REFERENCE (point 2 et 25 et 26)                                                                                   0.39 0.1 0.1 0.1 0.35 0.1 

  Netherland international norms (mg/l) 600000 ND ND ND ND ND 
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The table 11 show the decision matrix of the Aliphatic Hydrocarbons. Decision matrix of the Aliphatic Hydrocarbons 
show that the three sites poses problems are: the site 1, Erymakoudjé site, the site 3 Dokui 2 and the site 7 M’Badon. 
The chemical element over the reference site 2, Anyama site are: the family of the C10-C12 hydrocarbons, C12-C16 
hydrocarbons, C16-C21 hydrocarbons, C21-C35 hydrocarbons and C35-C40 hydrocarbons for the site 1 Erymakouguié, 
the family of the C21-C35 hydrocarbons and C35-40 hydrocarbons for the site 3 Dokui 2 and also for the family of the 
C21-C35 hydrocarbons C21-C35 hydrocarbons for the site 7 M’Badon. The underground waters of the other 
piezometers don't pose a problem with regard to the Aliphatic Hydrocarbons, this don’t show that they are good quality 
water.   

4.4. Decision matrix of Mercaptans   

The table 12 decision matrix of Mercaptans. The decision matrix of Mercaptans show that the three sites that put more 
problems are: the site 4, Abobo Coco Service, the site 5 AboboSagbé and the site 9, Filtissac. The chemical elements over 
the reference site 2, Anyama site for these three sites is mercury. The underground waters of the other piezometers 
don't pose a problem with regard to the Mercaptan, this show that they are good quality water.   
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Table 12Decision matrix of Mer-captans   

Sample number Sample name 
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23-001385-01 SITE 1. ERYMAKOUGUIE (point 1 et 15 et 16)                     0.2 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

23-001385-03 SITE 3. Dokui 2 (point 3 et 35 et 36)                                                                 0.2 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

23-001385-04 SITE 4. ABOBO COCO SERVICE (point 4 et 45 et 46) 
 

0.6 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

23-001385-05 SITE 5. ABOBO SAGBE (point 5 et 55 et 56) 
 

0.4 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

23-001385-06 SITE 6. AKOUEDO (point 6 et 55 et 66) 
 

0.2 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

23-001385-07 SITE 7. M’BADON (point 7 et 75 et 76) 
 

0.2 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

23-001385-08 SITE 8. KOUMASSI 1 (point 8 et 85 et 86)         0.2 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

23-001385-09 SITE 9. FILTISSAC (point 9 et 95 et 96) 
 

0.5 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

23-001385-10 SITE 10. MACA CITE ADO (point 10 et 105 et 106)      0.2 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

23-001385-11 SITE 11. 4.CROIX (point 11 et 115 et 116) 0.2 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

23-001385-12 SITE 12. ALEPE 1 (point 12 et 125 et 126)          0.2 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

23-001385-13 SITE 13. VRIDI LDC (point 13 et 135 et 136)          0.2 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

23-001385-02 SITE 2. ANYAMA REFERENCE (point 2 et 25 et 
26)                                                                                   

0.2 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

  Netherland international norms (µg/l) 0.3 ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
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4.5. Decision matrix of Traces Metallic Elements (TME)   

The table 13 show decision matrix of Traces Metallic Elements (TME). The matrix of decision of the TME show that the three sites that put more problems are: the 
site 4, Abobo Coco Service, the site 5 AboboSagbé and the site 9, Filtissac. The chemical elements over the reference site 2, Anyama site for these three sites are 
mercury, lead and the copper for the site 9, Filtissac. The underground waters of the other piezometers don't pose a problem with regard to the Traces Metallic 
Elements (TME), this don’t show that they are good quality water.   

Table 13 Decision matrix of Traces Metallic Elements (TME)   

Sample number Sample name 
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23-001385-01 SITE 1. ERYMAKOUGUIE (point 1 et 15 et 16)                     15 12 0.5 5 5 10 11 230 120 0.2 

23-001385-03 SITE 3. Dokui 2 (point 3 et 35 et 36)                                                                                     15 10 0.5 5 5 10 10 1400 61 0.2 

23-001385-04 SITE 4. ABOBO COCO SERVICE (point 4 et 45 et 46)                                                           15 31 0.5 5.8 5 10 10 1700 150 0.6 

23-001385-05 SITE 5. ABOBO SAGBE (point 5 et 55 et 56)                                                                               15 10 0.5 5 5 10 10 57 84 0.4 

23-001385-06 SITE 6. AKOUEDO (point 6 et 55 et 66)                                                                           15 10 0.5 5 5 10 10 1800 92 0.2 

23-001385-07 SITE 7. M’BADON (point 7 et 75 et 76)                                                               15 16 0.5 5 5 10 10 900 75 0.2 

23-001385-08 SITE 8. KOUMASSI 1 (point 8 et 85 et 86)                                                                         15 37 0.5 5 5 10 11 21000 87 0.2 

23-001385-09 SITE 9. FILTISSAC (point 9 et 95 et 96)                                                                         39 130 0.5 11 5 80 73 1700 200 0.5 

23-001385-10 SITE 10. MACA CITE ADO (point 10 et 105 et 106) 
 

15 13 0.5 5 5 10 18 9800 78 0.2 

23-001385-11 SITE 11. 4.CROIX (point 11 et 115 et 116)                                                       15 10 0.5 5 5 10 10 140 50 0.2 

23-001385-12 SITE 12. ALEPE 1 (point 12 et 125 et 126)                                                                               15 10 0.5 5 5 10 10 1500 70 0.2 

23-001385-13 SITE 13. VRIDI LDC (point 13 et 135 et 136)          20 10 0.5 20 5 10 10 1700 24 0.2 

23-001385-02 SITE 2. ANYAMA REFERENCE (point 2 et 25 et 26) 
 

15 12 0.5 5 5 10 10 260 74 0.2 

  Netherland international norms (µg/l) 60 75 6 30 100 75 75 ND 800 0.3 
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4.6. Synthesis of decisions matrixes and Netherlanders Norms  

Table 14 Synthesis of decisions matrixes and Netherlanders Norms 

Sample number Sample name 
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23-001385-01 SITE 1. ERYMAKOUGUIE (point 1 et 15 et 16)                               

23-001385-03 SITE 3. Dokui 2 (point 3 et 35 et 36)                                                                                               

23-001385-04 SITE 4. ABOBO COCO SERVICE (point 4 et 45 et 46)                                                                                           

23-001385-05 SITE 5. ABOBO SAGBE (point 5 et 55 et 56)                                                                                         

23-001385-06 SITE 6. AKOUEDO (point 6 et 55 et 66)                                                                                     

23-001385-07 SITE 7. M’BADON (point 7 et 75 et 76)                                                                         

23-001385-08 SITE 8. KOUMASSI 1 (point 8 et 85 et 86)                                                                                   

23-001385-09 SITE 9. FILTISSAC (point 9 et 95 et 96)                                                                                   

23-001385-10 SITE 10. MACA CITE ADO (point 10 et 105 et 106)                                                                                       

23-001385-11 SITE 11. 4.CROIX (point 11 et 115 et 116)                                                                 

23-001385-12 SITE 12. ALEPE 1 (point 12 et 125 et 126)                                                                                         

23-001385-13 SITE 13. VRIDI LDC (point 13 et 135 et 136)                    

23-001385-02 SITE 2. ANYAMA REFERENCE (point 2 et 25 et 26)                                                                                             

  Netherland international norms (mg/l)           
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The table 14 show Synthesis of decisions matrixes and Netherlanders Norms. Two symbols of color have been used to 
show the quality of the waters of the different piezometers, the green color show that the underground waters are good 
quality and red color show that it has some measures to take for the protection of the underground waters of the 
concerned sites.    

The waters of bad qualities are the waters of the piezometers of: site1 Erymakouguié, site 3 Dokui 2, site 4 Abobo Coco 
service, site 5 AboboSagbé, site 7 M’Badon, site 9 Filtissac. Either 6 sites where waters are of bad qualities. This bad 
quality of waters cannot be due to a recent pollution like toxic waste. The waters of good qualities are the waters of the 
piezometers of: site 6 Akouédo, site 8 Koumassi, site 10 Maca ADO City, site 11 Croix, site 12 Alépés 1, site 13 Vridi LDC 
and site 2 Anyama reference. Either 7 sites where waters are of good qualities.   

However, Netherlanders international norms of underground waters depollution exist only for a small part of the 
chemical compounds present in the superficial and underground waters. Chemical elements can’t represent risk for the 
different possibilities of uses of the sites affected by these dangerous waste? It is about: cumen, mésitylène, ô-
éthyltoluène, m-,-p-éthyltoluène for Polycyclic Aromatic Hydrocarbons (HAP), pseudocumene for BETEX, the set of the 
aliphatic hydrocarbons, out set the C10-C40 hydrocarbons, the set of the mercaptans, out set mercury and finally sulfur 
for what concerns the TME. All these chemical elements aren’t completely determined by Netherlanders norms. 

The Netherlanders international norms of intervention of fixed and accepted by the government of Coast of Ivory don't 
represent a sure shelter concerning sanitary risk, in this sense that the concentrations of the chemical elements 
remaining on the sites after depollution can constitute a sanitary risk according to the "decontaminated" practices 
possible of these different sites. Besides, the Netherlanders norms seem a lot more adapted for a country to moderate 
climate, or even Mediterranean, rather than for a tropical climate as the one of the Coast of Ivory. Indeed, the 
temperature dependences and of the parameters as the pH could constitute the limiting factors reliability of the 
Netherlanders international norms of intervention in tropical climate.   

 However, according to Kouamé and al., (2009), three capturing fields were threatened medium-term in Abidjan. These 
are the capturing fields of North Adjamé, North Zone and West Zone. The global transfer time of the pollutant has been 
estimated on average to 2 years. A regular follow-up of the water quality captured from these works of catchment 
belonging to these capturing fields is wished. This follow-up has been achieved by the Ciapol (2019), and, 17 years after 
the pollution bound to the toxic waste, the gotten results permit to put a term on a possible contamination of these three 
fields capturing as well as the one of the watertable of the district of Abidjan by the toxic waste. These works dating 
2009, it would be today 2025, 17 years later, it will be interesting to make sampling again in these three capturing fields 
seen some of analyses for confirmation or invalidation of these results.   

5. Conclusion 

The results of analyses of the underground waters of the 17 piezometers arround the 13 "decontaminated" sites are on 
under the depollution limit of Netherlanders international norms of underground waters (used, in this setting by Ivory 
Coast government) when they are defined by this norm. However, the Netherlanders international norms of 
intervention for the depollution of the underground waters take in account, or exist only for a small part of the present 
chemical compounds in the underground waters. Chemical elements no take account by this norm can’t represent a risk 
for the different uses possibilities of these sites affected by these dangerous waste? The waters of bad qualities are the 
waters of the piezometers of site1 Erymakouguié, site 3 Dokui 2, site 4 Abobo Coco service, site 5 AboboSagbé, site 7 
M’Badon, site 9 Filtissac. Either 6 sites where waters are bad qualities. The waters of good qualities are the waters of 
the piezometers of site 6 Akouédo, site 8 Koumassi, site 10 Maca ADO City, site 11 Croix, site 12 Alépés 1, site 13 Vridi 
LDC and site 2 Anyama reference. Either 7 sites or waters are of good qualities. The global transfer time of the pollutant 
has been estimated on average to 2 years (Kouamé, 2009). 17 years after the pollution by the toxic waste, the results of 
analyses gotten permit to put a term on a possible contamination of the three fields capturing (Adjamé Nord, North Zone 
and West Zone) as well as the one of the water table of the district of Abijan by the toxic waste. However, it would be 
today 2025, after 17 years interesting to make sampling again in these three capturing fields seen some of analyses for 
confirmation or invalidation these results. 
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