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INTRODUCTION 

Before the advent of phytosanitary products 

worldwide, cropping systems were designed to 

ensure the best compromise between 

phytosanitary risk and yield potential of 

crops
32

.  

 

 

 

 

    

 
 

Available online at  www.ijpab.com 
  

 

 

DOI: http://dx.doi.org/10.18782/2320-7051.6104 
 

  ISSN: 2320 – 7051          
Int. J. Pure App. Biosci. 5 (6): 1420-1435 (2017) 

 

ABSTRACT 

Farmers in the department of Agboville use pesticides to improve their agricultural yield without 

knowing their effects on the quality of water resources. The main objective of this study is to 

assess the level of contamination of surface water and groundwater through the use of pesticides 

in the department of Agboville. 24 samples of which 18 for surface water and 6 for groundwater 

were made during the dry season and the rainy season. The laboratory assay made it possible to 

obtain the concentrations of pesticide active ingredients in the water. Statistical analysis of 

hydrochemical data and indices of contamination are the different methods used to reach our 

objective. The order of abundance of the active ingredients detected in the sampled waters is 

glyphosate> glyphosate isopropylamine salt> deltamethrin> chlorpyrifos-ethyl> 

thiamethoxam> dichlorodiphenyltrichloroethane. Only glyphosate concentrations in the rainy 

season have an average greater than 0.1 μg / L while in the dry season it is less than 0.1 μg / L. 

DDT was not detected in the waters sampled in both seasons. The average values of the ICP (> 

2) show that the water is of average quality and according to the average values of the IPA these 

waters are of good quality (> 0,5 μg / L). Surface water is more exposed to pesticide 

contamination than groundwater, and contamination is more severe in the rainy season than in 

the dry season.  
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Gradually, the acquisition of knowledge about 

the needs of a plant in mineral elements, the 

control of fertilization and the development of 

herbicides, insecticides and first synthetic 

fungicides have profoundly modified the 

culture systems
4
. Pesticides have been 

introduced on the world market to protect 

crops from pests and diseases, to secure or 

boost yields
3, 20

. The agricultural exploitation 

of the lands thus appears as an activity 

generating income for rural populations 

confronted with the rural exodus. But, 

alongside this important contribution to the 

economy of our countries in a world in 

recession, hovers the specter of an ecological 

disaster because the good behavior of these 

cultures requires the use of phytosanitary 

products. Agrochemicals are a source of 

environmental pollution
3,13

 and have been 

implicated in the degradation of the quality of 

water resources
10,19

. Their use is done very 

often in disregard of health and environmental 

risks 
14

. In France, agricultural pollution due to 

the use of fertilizers and pesticides is an 

important cause of degradation of the quality 

of water resources
9, 20

. In the United States and 

Quebec, plant protection products were 

detected in 86% of surface water samples
12, 7

. 

In Burkina Faso, 
35, 31

 have shown that water 

degradation is due to the use of agricultural 

inputs. In Benin, ecosystem disruption has 

been attributed to the use of pesticides in the 

cotton sector
1,22

. In Côte d'Ivoire, the work of 
39

 reported contamination of groundwater by 

pesticides in agricultural areas. Those of 
40

, 

have shown that the lagoon waters of Aghien 

and Potou are characterized by very high 

concentrations of pesticide active ingredients 

that make these waters unsuitable for the 

production of drinking water. In the Niéki 

Valley in south-eastern Côte d'Ivoire, analyzes 

of the various market gardeners (okra, 

vegetable cornet, spinach and eggplant) have 

shown that most of the elements found are 

pesticides of the pyretroid family and a 

plasticizer from the phthalate family
40

. In the 

study area, the area under cultivation has 

increased with production of food and cash 

crops. All the actors involved in these crops 

use phytosanitary products to either improve 

yields or protect them against pests. In 

addition, this area has great potential in terms 

of water resources that are crucial for both 

agricultural activities and the provision of 

drinking water to the population
27, 28

. In 

addition, in Azaguié, Agboville department, 

contamination of groundwater and food 

products by pesticides has been reported
39, 38

. 

This demonstrates that the region's water 

resources are not immune to contamination by 

plant protection products that are heavily used. 

It is important to note that a large proportion 

of the population living in rural agricultural 

areas is supplied with water from wells or 

rivers and that the quality of these waters is 

not monitored. Are agricultural activities in the 

department of Agboville likely to degrade the 

quality of water resources? Farmers in the 

department of Agboville use pesticides to 

improve their agricultural yield without 

knowing their effects on the quality of water 

resources. It is therefore necessary to make a 

more complete diagnosis on the quality of 

surface water and groundwater. This is the 

perspective of our study whose main objective 

is to assess the level of contamination of 

surface water and groundwater through the use 

of pesticides in the department of Agboville. 

PRESENTATION OF THE STUDY AREA 

Located in southeastern Côte d'Ivoire, between 

latitudes 5°35N and 6°15N, and longitudes 

3°55W and 4°40W (Figure 1), the department 

of Agboville covers an area of approximately 

3850 km
2
 with a population of 292190 

inhabitants 
15

.The population is mainly rural 

and its main activity is agriculture. Food crops, 

cocoa, rubber and oil palm are the main crops 

in the Agboville department. The geology of 

the study area consists of Birimian and 

Eburnian formations with associated 

metamorphosed halos
2
. The outcrops in the 

region are attributed to the Paleoproterozoic 

and define the Birimian deposit cycle. Their 

origin is essentially sedimentary
34,2

. The 

thickness of the alterites in the Agboville 

department varies on average between 4 and 

53 m 
2, 26

. Alterite aquifers are mainly captured 

by rural and urban populations using shallow 
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catch basins and wells up to 20 m deep. As a 

result, the water from these wells is highly 

exposed to pollution
2
. The second aquifer is 

that of fractures. Over the entire study area, 

these aquifers are intercepted by numerous 

boreholes and their existence is linked to the 

importance of open fractures. It provides 

significant freshwater and good quality 

reserves because of its protective screen 

capable of feeding large rural centers. The 

climate of the study area and its surroundings 

is transitional equatorial type with four (4) 

seasons in the year including two (2) rainy 

seasons (April to July and September to 

October) and two ( 2) dry seasons (November 

to March and August to September) 
10

. This 

climate is conducive to agriculture. This 

climate is conducive to agriculture and to 

increase harvests, pesticides and fertilizers are 

used.  

 

 
 

Fig. 1: Location of the study area 

 

The term "pesticides" refers to "all substances 

(molecules) or products (formulations) that 

eliminate pests, whether they are used in the 

agricultural sector or in other applications" 
4
. 

Insecticides, fungicides and herbicides are the 

most used pesticides in the study area (Figure 

2). Farmers use fungicides to control fungi that 

affect the roots of rubber trees and cocoa trees. 

Insecticides are widely used in food crops and 

cocoa orchards. 
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Fig. 2: View of herbs in a cornfield after herbicide treatment in Azaguié 

 

MATERIAL AND METHODS 

II-1 Material and data 

The material used consists essentially of 

cartographic and hydrochemical data. To carry 

out this study, topographic maps of the square 

degree of Abidjan, Dimbokro and Grand-

Bassam at 1/200 000 scale were used to locate 

the water points and delimit the study area. 

The report of the analyzes of the active 

ingredients of the pesticides of the water 

samples taken constitute the hydrochemical 

data. Sampling was carried out on 18 surface 

water points and 6 wells in the Agboville 

department. Six (6) active ingredients were 

detected: glyphosate, glyphosate 

isopropylamine salt, dichloro diphenyl 

trichloroethane (DDT), chlorpyrifos-ethyl, 

deltamethrin and thiamethoxam. Glyphosate 

and glyphosate isopropylamine salt are active 

ingredients of herbicides; and DDT, 

chlorpyrifos-ethyl, deltamethrin and 

Thiamethoxam are active ingredients of 

insecticides. 

II- 2 Methods 

II-2-1 Sampling method 

The sampling strategy adopted in our study is 

based on spatial coverage, the position of 

plantations in relation to water points and the 

age of plantations. The twenty-four (24) water 

points were selected based on the use of 

pesticides and crops grown. Water samples are 

collected and transferred to one (1) liter glass 

bottles previously washed and decontaminated 
30

; and one (1) milliliter of hydrochloric acid is 

spilled to remove microorganisms in the 

sampled waters. . For well water and surface 

water, sampling is carried out using a bucket 

equipped with a bucket.  

II-2-2 Method of analysis 

As part of this study, the sampling campaigns 

were conducted following a hydrological 

cycle: rainy season (19 to 25 September 2014) 

and dry season (27 February to 04 March 

2015). The active ingredients of pesticides 

were analyzed by the Central Environmental 

Laboratory of the Ivorian Center Anti-

pollution (CIAPOL) according to gas 

chromatography coupled to a mass 

spectrometer. This method was used by 
6, 40, 8

. 

The active ingredients of the pesticides were 

determined according to the method of 

extraction with C-18 cartridge followed by the 

gas chromatography assay coupled to a mass 

spectrometer. The principle of this method was 

to take 10 ml of the water sample and 

condition the octadecyl column (C-18) by 

passing 10 mL of methanol and 10 mL of 

deionized water. The entire sample taken was 

passed through the C-18 column prior to the 

drying of the absorbent. The drying of the 

cartridge was observed for 30 minutes. 

Pesticides retained on the column were eluted 

with 5 ml of methanol by soaking for 30 

minutes. The extract is transferred into a 

conical glass vial for chromatography assay 

(HPLC). The standard solutions and the 
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samples were analyzed with a gas 

chromatograph equipped with a mass 

spectrometer, in ion-scanning mode. The 

pesticide concentrations in the sample are 

calculated by comparing the peak areas of the 

sample products with the surfaces obtained 

with standard solutions of known 

concentrations. The expression of the results is 

given by the following equation:  

 

 
 

Cp: concentration of the active ingredient 

(mg/L); Sc: peak area of the sample; Se: peak 

area of the standard; Ce: standard 

concentration (mg/L); V1: volume to be 

purified (L); V2: volume after purification (L); 

Vf: final volume (L); Me: volume of the 

sample (L); F: dilution factor. 
 

II-2-3 Treatment methods 

The calculation of contamination indices is the 

methodological approach of this study. 

Method of calculating contamination 

indices 

These methods describe the degree of water 

contamination. They are used in combination 

to assess the level of water contamination in 

the study area to control the negative effects of 

these waters on the population. These water 

quality indices are: the Pesticide 

Contamination Index (ICP) and the Pesticide 

Alteration Index (IAP).  

• Pesticide Contamination Index (ICP) 

"Pesticide quality" is a method that was 

implemented by 
42

 in 2005. This method is 

defined as follows: for each sites (water 

sampling point), the sum of the concentrations 

of the active ingredients or substances detected 

is calculated, then a score of 1 to 3 is assigned 

according to the sum concentrations of the 

active ingredients per sample. Finally, we 

calculate the average score obtained on all 

campaigns. The classification and quality-

pesticide grade grid are summarized in Tables 

1 and 2 respectively.  

 

Table 1: Classification of concentrations of active ingredients 
42

 

Sum of concentrations Note 

< 250 ng/L 1 

250 à 500 ng/L 2 

> 500 ng/L 3 

 

Table 2: Quality-Pesticide Grid 
42

 

Water quality Very good Good  Very bad 

Average score per site (Quality-Pesticides) 1 – 1.5 1.5 - 2 2 - 3 

 

• Pesticide Alteration Index (IAP) 

The classification of pesticide active 

ingredients is by class of alteration (Table 3). 

These classes were defined according to the 

classes of the groundwater quality assessment 

system 
21

 and the WHO guideline values. 

These values are then compared to the 

recommended standards or reference values 

for drinking water, ie 0.1 μg/L for an active 

ingredient, and 0.5 μg/L for the total active 

ingredients in a well or drinking water 

treatment. sampled water
23,24,25

. Pesticide 

alteration is the sum of all pesticide active 

ingredients detected and quantified. 
 

Table 3: Pesticide Alteration Degree Matrix
21

  

Water quality  Very good  Good  Bad  Very bad  

Alteration Pesticides (μg/L) < 0.1 0.1 – 0.5 0.5 - 5 > 5 

 

RESULTS AND DISCUSSION 

III-1 Results 

Statistical analysis of hydrochemical data 

The elementary statistical parameters of the 

concentrations of active ingredients in all the 

water resources and those obtained in the two 

studied components (groundwater and surface 

water) are recorded respectively in Tables 4, 5 

and 6. 
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Table 4: Basic statistics of the active substances detected in the water resources of the department of 

Agboville 

  Rainy Season Dry Season 

Active ingredients 

(μg / L) 

WHO 

Standard 

Min Max Avg Min Max Avg 

Glyphosate  

 

0,1 μg/L 

 

 

0 0.420 0.140 0 0.520 0.080 

Glyphosate 

isopropylamine salt 

0 0.280 0.070 0 0.300 0.040 

DDT 0 0 0 0 0 0 

Chlorpyrifos-ethyl 0 0.320 0.030 0 0.400 0.030 

Deltamethrine 0 0.300 0.040 0 0.301 0.030 

Thiamethoxam 0 0 0 0 0.110 0.005 

 

Table 5: Statistics of active substances detected in the groundwater of the department of Agboville 

 Rainy Season Dry Season 

Active ingredients 

(μg / L) 

WHO 

Standard 

Min Max Avg Min Max Avg 

Glyphosate  

 

 

0,1 μg/L 

 

0 0.300 0.053 0 0.100 0.020 

Glyphosate 

isopropylamine salt 

0 0.090 0.020 0 0.050 0.010 

DDT 0 0 0 0 0 0 

Chlorpyrifos-ethyl 0 0.100 0.016 0 0.006 0.002 

Deltamethrine 0 0.300 0.050 0 0.030 0.005 

Thiamethoxam 0 0 0 0 0 0 

 

Table 6: Statistics of active substances detected in surface waters of the department of Agboville 

 Rainy Season Dry Season 

Active ingredients 

(μg / L) 

WHO 

Standard 

Min Max Avg Min Max Avg 

Glyphosate  

 

 

0,1 μg/L 

 

0 0.420 0.174 0 0.52 0.107 

Glyphosate 

isopropylamine salt 

0 0.280 0.088 0 0.300 0.052 

DDT 0 0 0 0 0 0 

Chlorpyrifos-ethyl 0 0.320 0.037 0 0.400 0.043 

Deltamethrine 0 0.200 0.036 0 0.301 0.041 

Thiamethoxam 0 0 0 0 0.110 0.007 

 

Glyphosate 

Glyphosate values in the rainy season range 

from 0 to 0.420 μg/L, with an average of 0.140 

μg/L (Table 4). However, in the dry season, 

they are between 0 and 0.520 μg/L, with an 

average of 0.080 μg/L (Table 4). In the rainy 

season, 45.83% of the points sampled have a 

concentration greater than 0.1 μg/L and in the 

dry season 29.14% have a concentration 

greater than 0.1 μg/L (Figure 3). These values 

show that glyphosate contamination is higher 

in the rainy season than in the dry season. 

Similarly, it is noted that the highest values are 

found in surface waters (Tables 5 and 6).  



 

Orou et al                                  Int. J. Pure App. Biosci. 5 (6): 1420-1435 (2017)     ISSN: 2320 – 7051  

Copyright © Nov.-Dec., 2017; IJPAB                                                                                                           1426 
 

 
Fig. 3: Evolution of glyphosate in surface and groundwater of the department of Agboville 

 

Glyphosate isopropylamine salt 

Values of glyphosate isopropylamine salt in 

the rainy season range from 0 μg/L to 0.280 

μg/L, with an average of 0.070 μg/L (Table 4). 

In the dry season, they are between 0 and 0.3 

μg/L, with an average of 0.04 μg/L (Table 4). 

In the rainy season, 25% of the points sampled 

have a concentration greater than 0.1 μg/L and 

in the dry season 12.50% have a concentration 

greater than 0.1 μg/L (Figure 4). These values 

show that contamination with glyphosate 

isopropylamine salt is important in the rainy 

season rather than in the dry season. The 

highest values were observed in surface waters 

(Tables 5 and 6).  

 
Fig. 4: Evolution of glyphosate isopropylamine salt in surface and groundwater of Agboville 

 

Dichlorodiphenyltrichloroethane (DDT) 

Dichlorodiphenyltrichloroethane (DDT) was 

not detected in the water sampled during the 

dry and rainy seasons (Table 4). 

Chlorpyrifos-ethyl 

The chlorpyrifos-ethyl content in the dry 

season is between 0 μg/L and 0.4 μg/L, with 

an average of 0.03 μg/L (Table 4). In the rainy 

season, they are between 0 and 0.32 μg/L, with 

an average of 0.04 μg/L (Table 4). In the rainy 

season, 12.5% of the points sampled have a 

concentration higher than 0.1 μg/L and in the 

dry season 8.33% have a concentration greater 

than 0.1 μg/L (Figure 5). These values show 

that this insecticide active ingredient is more 

present in water in the rainy season than in the 

dry season. The highest values were observed 

in surface waters (Tables 5 and 6). 
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Fig. 5: Evolution of chlorpyrifos-ethyl in the surface and groundwaters of the department of Agboville 

 

Deltamethrin 

Values of deltamethrin in the rainy season 

range from 0 μg / L to 0.3 μg/L, with an 

average of 0.04 μg/L (Table 4). In the dry 

season, they are between 0 and 0.301 μg/L, 

with an average of 0.03 μg/L (Table 4). In the 

rainy season, 25% of the points sampled have 

a concentration greater than 0.1 μg/L and in 

the dry season 12.50% have a concentration 

greater than 0.1 μg/L (Figure 6). Deltamethrin 

is more present in the water sampled in the 

rainy season than in the dry season. The 

highest values were observed in the Offo N'po 

well at shallow depths during the rainy season 

and in the dry season in a surface water 

reservoir (Tables 5 and 6). 

 
 

 
Fig. 6: Evolution of deltamethrin in surface and groundwater of Agboville department 

 

Thiamethoxam 

Thiamethoxam was not detected in the water 

sampled in the rainy season but in the dry 

season. The average value of thiamethoxam is 

0.005 μg/L. Levels were detected only at two 

surface water points (0.01 μg / L and 0.11 μg / 

L). In the dry season, a single point has a 

concentration greater than 0.1 μg/L or 4.17%. 

Glyphosate and glyphosate isopropylamine 

salt are the active ingredients of herbicides and 

have been detected in all crops. Deltamethrin, 

chlorpyrifos-ethyl, thiamethoxam and 

dichlorodiphenyltrichloroethane have been 

detected in cocoa and market garden 

plantations. If we consider the average values 

expressed in μg / L, the active ingredients have 

an order of abundance of type: glyphosate> 

glyphosate isopropylamine salt> deltamethrin> 

chlorpyrifos-ethyl>thiamethoxam> dichloro 

diphenyltrichloroethane. This order is the same 
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for both seasons. The sum of the active 

ingredients of each water point is represented 

by Figure 7. In the rainy season, the sum of the 

active ingredients of 5 water points is greater 

than 0.5 μg/L while in the dry season, there are 

only 3 water points whose sum of the active 

ingredients is greater than at 0.5 μg/L. Overall, 

surface water is more exposed to pesticide 

contamination than groundwater. However, 

this contamination is more marked in the rainy 

season than in the dry season.  

 
Fig. 7: Evolution of the sum of the active ingredients in the surface and underground waters of the 

Agboville department 

 

Pesticide contamination indices 

The results of the indices of water 

contamination by pesticides are recorded in 

Table 7. These indices made it possible to 

evaluate the level of water contamination by 

pesticides. The indices of surface water and 

groundwater contamination are reported in 

Tables 8 and 9, respectively.  

 

Table 7: Extreme Values of Water Resource Quality Indices 

 October 2014 (rainy season) March 2015 (dry season) 

Indices Min Max Avg EC Min Max Avg EC 

ICP 1 3 1,71 0,81 1 3 1,54 0,71 

IAP 0 0,97 0,30 0,28 0 1,16 0,2 0,30 

 

Table 8: Extreme values of groundwater quality indices 

 October 2014 (rainy season) March 2015 (dry season) 

Indices Min Max Avg EC Min Max Avg EC 

ICP 1 3 1,33 0,81 1 2 1,17 0,40 

IAP 0 1,58 0,28 0,59 0 0,282 0,07 0,11 

 

Table 9: Extreme values of surface water quality indices 

 October 2014 (rainy season) March 2015 (dry season) 

Indices Min Max Avg EC Min Max Avg EC 

ICP 1 3 1,83 0,78 1 3 1,67 0,74 

IAP 0 1,94 0,67 0,50 0 2,322 0,50 0,66 

Min: minimum, Max: maximum, Avg: average, EC: standard deviation 
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Results of the Pesticide Contamination 

Index (IPC) 

The ICP of the sampled waters ranges from 1 

to 3, with an average value of 1.71 in the rainy 

season, and between 1 and 3, with an average 

value of 1.54 in the dry season (Table 7). The 

highest indices were observed during the rainy 

season in the subterranean and surface waters 

(Tables 8 and 9). In the rainy season, 60% of 

the waters sampled are of very good quality 

and 40% are of very poor quality compared to 

the Pesticide Contamination Index (Figure 8).  

 

 
Fig. 8: Spatial distribution map of the Pesticide Contamination Indices (ICP) during the rainy season in 

the Agboville department 

 

In the dry season, 50% of the waters are of 

very good quality, 20.83% of the waters are of 

good to average quality and 29.17% are of 

very poor quality according to the Pesticide 

Contamination Index (ICP) (Figure 9). Water 

contamination by pesticides is greater in the 

rainy season than in the dry season (Figure 

10). The values of the ICP show that the 

waters sampled in the department of Agboville 

are generally of good quality.  

 

 
Fig. 9: Map of spatial distribution of Pesticide Contamination Indices (ICP) in the dry season in the 

department of Agboville 
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Fig. 10: Seasonal variation of the Pesticide Contamination Index (ICP) of surface and groundwater in the 

department of Agboville 

 

Results of the Pesticide Alteration Index 

(IAP) 

The IAP for the sampled waters ranges from 0 

to 0.97 μg/L with an average value of 0.30 

μg/L in the rainy season and from 0 to 1.16 

μg/L, with a mean value of 0.2 μg/L in the dry 

season (Table 7). The highest indices were 

observed in surface waters (Tables 8 and 9). In 

the rainy season, 29.17% of the water is said to 

be of very good quality, 20.83% of the water is 

considered to be of good quality and 50% is of 

poor quality according to the Alteration Index 

Pesticides (Figure 11). In the dry season, 

37.5% of the waters are of very good quality, 

41.67% are of good quality and 20.83% are of 

poor quality according to the Index of 

Alteration Pesticides (Figure 12). Alteration of 

water by pesticides is greater in the rainy 

season than in the dry season (Figure 13). The 

IAP values indicate that the waters sampled in 

the Agboville department are of good quality. 

 

 
Fig. 11: Spatial distribution map of Pesticide Impairment Indices (IAP) during the rainy season in the 

Agboville department 
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Fig. 12: Spatial distribution map of Pesticide Alteration Indices (IAP) in the dry season in the Agboville 

department 

 

 
Fig. 13: Seasonal variation of the Pesticide Alteration Index (IAP) of surface and groundwater in the 

department of Agboville 

 

DISCUSSION 

The main source of pollution of groundwater 

and surface water in the region can be 

attributed to the use of herbicides and 

insecticides in palm groves, vegetable gardens, 

banana plantations (banana or plantain), rice 

paddies and rubber plantations. High levels of 

herbicide active ingredients have been 

detected in rubber and rice plantations. As for 

the high levels of active ingredients of 

insecticides, they have been observed in 

market gardeners. The concentrations of the 

active ingredients observed around these water 

points show the extent of the influence of the 

use of pesticides on the quality of these water 

resources. Glyphosate and glyphosate 

isopropylamine salt are the active ingredients 

of herbicides that have been detected in all 

crops. Deltamethrin, chlorpyrifos-ethyl and 

thiamethoxam have been detected in waters in 

or near cocoa plantations and vegetable 

gardens. The active ingredients have an order 

of abundance of the type: glyphosate> 

glyphosate isopropylamine salt> deltamethrin> 

chlorpyrifos-ethyl> thiamethoxam> dichloro 

diphenyltrichloroethane. This order of 
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abundance suggests a misuse and often 

uncontrolled use of herbicides despite 

restrictions of use. The presence of glyphosate 

and glyphosate isopropylamine salt in crops 

may be explained by the frequent and 

excessive use of these active ingredients for 

the control of weeds. Glyphosate is 

characterized by rapid degradation in the 

environment as it has a half-life (DT50) of 100 

days in the environment 
37, 5

. The presence of 

glyphosate in water reflects not only a high use 

of these products but also the proximity of 

plantations and sometimes the very low level 

of development of water points. This same 

observation was made by 
39

 in four (4) 

agricultural regions (Abidjan, Buyo, Grand-

Lahou and Yamoussoukro) on 

organophosphorus pesticides with high 

concentrations. However, according to this 

work, the active ingredients of herbicides such 

as simazine, diuron and ametrine used in 

rubber and oil palm plantations have been 

detected with concentrations of less than 0.1 

μg/L and reflect their low usage right now. 

The presence of glyphosate isopropylamine 

salt in the sampled waters means that the 

counter-band on plant protection products is 

important in the area. This active ingredient 

comes mainly from a herbicide not approved 

by the Ministry of Agriculture 
18

. This 

counterfeit is due to the high cost of pesticides 

in the approved stores compared to small 

traders. They also participate in unfair 

competition to the detriment of authorized 

sellers. the same observations were made by 
11

 

in Côte d'Ivoire, by 
16, 17 

 in Togo, where most 

gardeners prefer to obtain pesticides from 

unauthorized resellers. Deltamethrin, 

chlorpyrifos-ethyl and thiamethoxam were 

detected in cocoa plantations and market 

gardens and had low concentrations. 

Deltamethrin is characterized by a low DT50 

that is 50 days 
37, 5

. DT50 values are widely 

used to estimate the persistence of these active 

substances in nature. The higher the DT50, the 

more slowly the active ingredient degrades in 

the environment 
33

. Deltamethrin is the third 

most abundant active ingredient in the studied 

waters, which means the massive use of 

insecticides such as DECIS 12.5 EC for 

several crops such as cocoa, market gardening 

and food crops. In the study area, vegetable 

crops are very diverse and occupy medium 

areas where several types of vegetables are 

grown on the same areas. For this reason, the 

insecticides used are also very varied and large 

quantities are sometimes used. This is the case 

specifically in the town of Agboville (Angoh 

road, Castle district and RAN) and in the 

village of Petit Yapo where are exploited rice 

and vegetable crops. These crops have many 

phytosanitary problems and receive very 

intensive chemical treatments, including the 

frequent use of deltamethrins and chlorpyrifos-

ethyls for market gardeners, herbicides for 

rice. These observations are justified by the 

highest ICP and IAP for these four (4) water 

points. Dichlorodiphenyltrichloroethane was 

not detected in all water points sampled as this 

active ingredient is banned for agricultural 

purposes worldwide 
36, 41, 29

 and Côte d'Ivoire 
18

 for several years. This absence to date could 

be on the one hand linked to the respect of the 

laws and regulations in force for the use of 

pesticides by the farmers in the department of 

Agboville and on the other hand to the use of 

DDT by certain micro-organisms. organisms 

for their metabolism because DDT has a slow 

degradation in the environment. An inter-

season comparison shows that water 

contamination is more marked in the rainy 

season than in the dry season when the sum of 

the active ingredients of 5 water points is 

greater than 0.5 μg / L, while in the dry season 

it is There are only 3 water points where the 

sum of the active ingredients is greater than 

0.5 μg / L. The differences in concentration 

would be due to two factors. The first factor 

would be rainfall runoff from insecticide-

treated plants and leaching of agricultural soils 

treated with herbicides. The second factor 

would be the remobilization of the active 

substance molecules accumulated in the 

sediments, which occur at degrees along the 

slope of the site on the one hand, and the 

frequency of pesticide use on the other hand. 

An inter-water comparison shows that surface 

water is more contaminated by pesticides than 
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groundwater. This finding could be explained 

by wind action and runoff. Surface water is 

exposed to ambient air. Indeed, when spraying 

plantations, the air is contaminated and loaded 

with pesticide particles. These particles 

eventually end up in the water of dams, farm 

ponds and uncovered wells nearby or within 

plantations. This observation is similar to that 

of 
40

 in the case of the Aghien and Potou 

lagoons in southern Côte d'Ivoire. However, 

the presence of pesticide active ingredients in 

groundwater that are naturally of good quality 

because the passage of surface water and 

precipitation through the unsaturated zone 

normally rids them of the active ingredients, 

can be explained by several phenomena 

leading to contamination of well water. The 

shallow depth of the wells (less than 4 m), the 

poor development of wells and the proximity 

of plantations are all factors that may explain 

their presence in groundwater. These 

observations are similar to those of 
39

 which 

states that the presence of pesticides in 

groundwater is due to the shallowness of wells 

(less than 3 meters), the leaching of 

agricultural soils and the proximity 

plantations. 

 

CONCLUSION 

This study evaluated the level of 

contamination of water resources in the 

Agboville department by pesticides. The 

sampling method, the statistical analysis, the 

calculation of the contamination indices and 

the field health surveys made it possible to 

reach our objective. Overall, the level of 

contamination is low and the assessment is 

based on calculated indices. Herbicides are 

used more than insecticides and are used in all 

crops. Contamination is important in the rainy 

season during the dry season and surface water 

is the most contaminated. Glyphosate and 

glyphosate isopropylamine salt are the active 

ingredients of herbicides and have been 

detected in all crops. Deltamethrin, 

chlorpyrifos-ethyl, thiamethoxam and 

dichlorodiphenyltrichloroethane have been 

detected in cocoa and market garden 

plantations. 
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