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INTRODUCTION

Th e agricultural policy of Cote d'Ivoire has promoted the 

intensive use of pesticides. Th us, Organochlorine Pesticides (OCPs) 

were the fi rst generations of synthetic organic pesticides to be used 

in agriculture to ensure the destruction or prevention of plants 

and harmful microorganisms. Th ese products have contributed in 

improving agricultural productivity and have led to a signifi cant 

advancement in the control of food resources [1]. Moreover, from 

colonial times up to now, organochlorine pesticides have also been 

used in public health to fi ght against disease vectors (mosquitoes, 

trypanosomes, onchocerciasis) [1,2] and chemical control of pests of 

coff ee, cocoa and cotton trees [4]. Others such as DDT and dieldrin 

have been used in mosquito control campaigns in several parts of the 

country [2]. Th ese chemicals are called Persistent Organic Pollutants 

(POPs) because of their long-term stability, lipophilicity and their 

tendency to accumulate in the environment and in living organisms.

In addition, the high persistence of these active ingredients is 

today the real reason for their complete ban in agriculture because 

they represent a risk for human health and the environment, though 

very eff ective, their side eff ects on health and on the environment 

were quickly known.

Furthermore, several authors reported the neurological, 

mutagenic, carcinogenic, teratogenic and dermatological eff ects as 

well as hormonal disorders related to the use of these products [5-9]. 

Th us, aware of the risks related to the use of POPs, the international 

community adopted in 2001 the Stockholm Convention on persistent 

organic pollutants for the protection of human health and the 

environment through a global ban of the use of some POPs. 

In Cote d'Ivoire, a National Implementation Plan (NIP) to fi ght 

against POPs called "POPs project-Cote d’Ivoire was set up. “Pops 

project-Cote d’Ivoire" initiated with the support of UNEP is a melting 

pot to fi ght against these products. Aft er more than a decade of NIP 

implementation in Cote d'Ivoire, one wonders about its eff ectiveness. 

Th is question is all the more justifi ed since several studies carried 

out in Cote d'Ivoire in recent years outlined the presence of POPs, 

banned by the Stockholm Convention in diff erent matrices. Th is 

present work is a retrospective study with the objective to assess 

the ecosystem contamination by organochlorine pesticides in Cote 

d'Ivoire before and aft er the implementation of NIP in order to 

appraise the eff ectiveness of this program.

METHODOLOGY

A literature review, carried out on organochlorine pesticide 

contamination in various matrices covering the periods of 1985 to 

2015 was conducted. Th e bibliographical sources consulted were 

original articles of studies performed on matrices taken in Cote 

d'Ivoire and published in national and / or international journals. 

In total, fourteen scientifi c studies of OCPs identifi cation and assay 

were included. Th e studies were grouped according to three types 

of matrices such as human (adipose tissue and breast milk), food 

and environment. Analysis of data was focused on the diff erent 

methodologies of research, dosage and the results obtained.

RESULTS AND DISCUSSION 

Methods

Th e extraction of organochlorine pesticides is performed using 

diff erent organic solvents in mixture (hexane / ionized water; isooctane 

/ ionized water; ethanol / cyclohexane) or only one (dichloromethane, 

hexane). Th is extraction is usually followed by a purifi cation on 

fl orisil column before quantifi cation. All quantifi cations were carried 

out by gas chromatography equipped with electron capture detectors 

(μECD) and as stationary phase, a capillary column (DB-5 or SE-54, 

SPB-608). In some cases, confi rmation is made on another capillary 

column with a polarity diff erent from the fi rst one. Nitrogen U. is the 

mobile phase used. 

Except two of the authors who quantifi ed their samples in 

Europe: at the oceanological center of Bretagne in Brest [10] and at 

CVA laboratory in Germany for WHO / UNEP study, all the other 

studies were done in cote d'ivoire. Th e validation of the diff erent 

methods was carried out according AFNOR (1996) [11] and included 

study of linearity, repeatability, detection limits, reproducibility, and 

extraction yield. Th e standards were either mixture of 16 or 18 POP 

provided by Dr. Ehrenstorff er (Germany) or by EPA, supelco. Th e 

organochlorine compounds sought were: aldrin, alpha HCH, beta 

HCH, delta HCH, lindane or gamma HCH, dieldrin, endosulfan I, 

endosulfan II, endosulfan sulfate, endrin, endrin aldehyde, ketone 

endrin, heptachlor, heptachlor epoxide, DDD, DDE, DDT and 

methoxychlor. Th e reported extraction yields were all above 80%.

Th e samples used for the studies came from three areas of Cote 

d’Ivoire: south-west (Buyo), north (Korhogo and Sinematiali) and 

south (Abidjan and the Lagoon water stream).
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Contamination of humans by organochlorine pesticides

Direct human exposure to OCPs in Cote d'Ivoire was assessed 

through two matrices: breast milk and adipose tissue. Breast milk, 

the fi rst human food, is an indicator in terms of OCPs residues 

accumulation in the human body [12]. Four studies were devoted to 

these two matrices.

Contamination of breast milk by OCPs was observed in the 

region of Buyo (South-west) within a community whose main 

activity is fi shing. Human breast milk samples were collected from 

40 mothers permanently living in the area for 5 to 6 years. Th e main 

OCPs identifi ed in the milk were: total DDT (2671.5 μg/Kg), total 

HCH (854 μg/kg), dieldrin (23.6 μg/Kg) and endosulfan (48 μg/

kg). Th e high levels of OCPs in human breast milk were attributed 

to the consumption of water coming from the dam of Buyo and to 

contaminated fi shes [3]. Th e contamination of breast milk by OCPs 

was observed in Korhogo and Sinematiali (North of Cote d’Ivoire) 

as well. Th is region, known for its high cotton production, is a major 

user of phytosanitary products. In addition, variable mean levels in 

OCPs were detected in breast milk at a rate of 13-63 μg/Kg of DDT, 

20-103 μg/Kg for HCH [13-14].

In 2010, WHO, in collaboration with UNEP, conducted a study 

on OCPs persistent in breast milk with 50 fi rst-time mothers. Th ese 

samples, were all collected in the district of Abidjan and were analyzed 

in a reference laboratory in Germany. Th e results of this study 

revealed the presence of ten OCPs with a high concentration of total 

DDT (1073 μg/Kg) followed by total HCH (13 μg/Kg), chlordane (5.7 

μg/Kg) and dieldrin (4,6 μg/kg) [15].

In addition, because of their ability to accumulate in fats, the 

adipose tissue is a matrix of choice for the assessment of exposure 

to OCPs. Two studies were conducted on this matrix in the north 

of Cote d'ivoire (Korhogo and Sinematiali) [13-14]. Th e authors 

collected adipose tissue from pregnant women during a caesarean. 

Indeed, the women included in the study had a number of childbirths 

ranging from 1 to 11 and lived at least 5 years in the region. Several 

OCPs with mean variable concentrations from 6932 to 10017 μg/

Kg (DDT), 11 to 21471 μg/Kg (heptachlor), 1861.9 μg/Kg (endrin), 

347.2 μg/kg (Dieldrin) and from 13 to 677.2 μg/Kg (total HCH) were 

identifi ed. A correlation between the contamination and the number 

of births was established.

Th us, for DDT and its degradation products, an increase in levels 

in breast milk and adipose tissue was observed as time goes on. Th e 

accumulation of OCPs in human breast milk and adipose tissue is 

a threat to the health of the mother, the fetus and the child fed with 

breast milk. Indeed, once in the body, OCPs passes through the milk 

(consequence of the mobilization of fat), crosses the placental barrier 

and can be found in the fetus by this pathway. Th e presence of OCPs 

in breast milk is recurrent in Africa and particularly in West Africa. 

Table 1 summarizes the results of breast milk and adipose tissue 

contamination by OCPs. Studies on the biomonitoring of breast milk 

indicated contamination by OCPs such as DDT with a concentration 

of 2081 μg/kg in Mali [16] and in Ghana with 490 μg/kg in total DDT 

[17].

Contamination of foodstuffs

Eggs and dairy products: Eggs, cow's milk and its by-products 

(butter, curdled milk) are not on the fringe of OCPs contamination. 

In fact, a contamination of samples of cow's milk and traditionally 

made butter by OCPs in the regions of Buyo (Central West), Grand 

Lahou (South) and Yamoussoukro (Center), has been observed [18].

Th is contamination is predominant in HCH (129.0 μg/kg), DDT 

(98.1 μg/kg) and total endosulfan (36.68 μg/Kg) in butter (Table 2). 

As for the samples of curdled milk (a product derived from cow's 

milk which is highly valued by the Ivorian population and come 

from various supermarkets) and eggs, had a variable concentrations 

of OCPs from 0.716 to 130.83 μg/Kg and from 0.997 to 96.73 μg/Kg 

Table 1: Contamination of breast milk and adipose tissue by OCPs expressed in μg/kg in women.

Matrices Study area Total DDT Total HCH Endosulfan Aldrin endrin Dieldrin  TOTAL trans-heptochlor 
epoxyde Chlordane    Authors

Adipose 
Tissue

Korhogo (North)
677.2

[24-3896] 293.5 1861.9 347.2
[315-1438] 21472 [13]

6932 60 3598 655 11
[22]

Sinematiali 10017 13 3858 1586

Breast milk

Buyo (South-
West)

2671
[68-6002]

854
[12-2927]

48
[2-129] 23.6 [3]

Korhogo (North)
103.4

[47.5-719] [13]

61 20 2 43 8
[22]

Sinematiali 13 48
Abidjan

 (South East) 1073.2 13.55 4.6 5.7 [15]

Table 2: Mean Concentration of OCPs in animal milk products expressed in μg/kg.

Area of sample collection Matrix Total DDT Total HCH Dieldrin Heptachlor Total endosulfan Authors 

Buyo, Lahou 
(south),Yamoussoukro 

(central)

Cow’s milk 130.8 96.3 14.3    7.45 12.81
[18] 

Butter 98.1 129 16.8  35.91 36.68

Abidjan 

Curdled milk 0.7-130 1-96.7 0.263 0.563

[19]
Eggs 75.22 35.907 37.820

MRL    50      50       40
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respectively in DDT and HCH (Table 2), [19]. Th ese concentrations 

of OCPs in cow's milk, butter were oft en higher than the MRL of 50 

μg/Kg for these food products (WHO / FAO).

Contamination of agricultural products: Th e analysis of 

agricultural export products (cocoa and kola nut) grown mainly 

in the forest region (south of the country) revealed the presence 

of several OCPs. Fresh and dry kola nut samples collected in the 

treatment centers of kola nuts in the city of Anyama (Abidjan) [20] 

were contaminated by OCPs, including HCH and its isomers (2-237 

μg/kg), Endosulfan and its isomers (2-99 μg/kg), DDT and its isomers 

(2-72 μg/kg) (table 3). 

OCPs residues were also detected in cocoa bean samples collected 

in the town of Agboville (south) and in the ports of San Pedro and 

Abidjan [21]. Samples from Agboville were the most contaminated 

(100%). Th e main OCPs were total HCH (8.4-40 μg/kg and heptachlor 

(6-59.6 μg/kg) (table 3). Similar contaminations in OCPs (DDT, 

Dieldrin, Endrin, and Endosulfan) were reported by Mawussi [4] in 

cocoa beans in Togo.

Contamination of food crops: Samples of rice and corn from 

diff erent markets of Sinematiali and Korhogo regions (north of Cote 

d’Ivoire) were contaminated by fi ve diff erent OCPs (HCH, DDT, 

endosulfan, cyclodiene and methoxychlor). DDT was detected in 

36.5 and 38 % of samples respectively in Sinematiali and Korhogo. 

A sample of Sinematiali had a content of 354 μg / Kg in DDT [22]. 

However, except methoxychlor, all mean levels were below WHO 

MRLs for cereals.

OCPs were also detected in crops collected from diff erent markets 

in Abidjan. Th us, the main OCPs found in the food products were 

HCH, aldrin and endosulfan. Lindane (HCH isomer) was found in 

all cultures studied with mean concentrations reaching 727.5 μg / kg 

in chives [23].

Foodstuff  contamination by OCPs is very common in developing 

countries, namely in West Africa. Studies carried out in Nigeria 

[24] in Ghana [17] Senegal and Gambia [22,23], Togo [24] showed 

contamination of tubers and vegetables by various residues of 

OCPs. Th e rates of cereal and vegetable contaminations by OCPs are 

tabulated in table 4.

Population exposure: According to Ehouman [28], the exposure 

of population to food risks associated with OCPs and dieldrin 

in particular was estimated in the region of Buyo. Dieldrin was 

detected in all analyzed foodstuff s and well waters with a total mean 

concentration of 264.8 μg/kg in the food ration considered. Th e 

Th eoretical Maximum Daily Intake (TMDI) calculated was 48.78 μg/

person, much higher than that of the Acceptable Daily Intake (ADI). 

Th e Daily Intake (DI) was estimated at 17.734 μg/person. Th e authors 

concluded that there was a probable health risk.

Contamination of aquatic ecosystems

 OCPs were detected in various parts of the aquatic ecosystem: 

fi sh, sediments, oysters, groundwater and lagoon.

Groundwater: Analysis of well water samples in the areas of 

Buyo, Grand Lahou, Yamoussoukro, and Anyama, revealed the 

presence of POC in about 62% of the sampled wells near the coff ee 

and cocoa plantations. Th e mean sample contained lindane (1.41 

μg/L), endosulfan (3.057 μg/L total), heptachlor (1.93 μg/L), and 

dieldrin (0.375 μg/L) [29]. Th ese concentrations were beyond the 

recommended standards or reference values for drinking water: 

0.1 μg/L for a separate active ingredient and 0.5μg/L for total active 

ingredients (WHO, 1994). Compared to Côte d'Ivoire, residues of 

Lindane (0.22 μg/L), α-endosulfan (1.26 μg/L) and β-endosulfan (1.84 

μg/L) were detected in groundwater in Senegal in the area of Niayes 

in   Dakar [30].

Table 3: Mean Values of OCPs found in cocoa and kola nut expressed in μg/kg.

Area of sample 
collection Matrix Total DDT Total HCH Dieldrin Total endrin Total endosulfan Heptachlor Aldrin Authors
Agboville,

San Pédro, Abidjan Cocoa 6.1-10.2 8.4-40 6.5-26.3 5.2-17.3 2-30 6 -59.6 5.7-6 [21]

MRL EU < 200 < 50 < 20 < 10

MRL-(FAO/WHO) 100

Anyama Kola nut 2- 72 2-237 2-5 2-4 2-99 2-6.9 2 -5 [20]

Table 4: Cereal and Vegetable contamination by OCPs in μg/kg.
Foodstuffs Total  DDT Total HCH Total Endosulfan Cyclodienes methoxychlor Authors

Rice
Korhogo 3 1 6 7

[22]
Sinematiali 12 (4-354) 8

Maize
Korhogo 6 32 2 4 56

Sinematiali 4 1 6
MRL 100 500 100 20 20

Spinach 2.5
salads 2.4 125

Cabbage 2
Chives 727.5 66.3 8.7
Parsley 2.2 [23]

tomatoes 4.6
Cucumber 2 2.1
Zucchini 2.5

Onion 56.9 6.2
Potato 2.9
Carrot 3.3
Turnip 2.7 2.2
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Fishes: Fish samples were collected from the fi shing sites of the 

port of Abidjan [31] and Buyo [32]. Fish from the lake of Buyo (Tilapia 

ziili, Chrysichthys walkeri and Niloticus spp) and those collected 

from fi shing sites of Abidjan (catfi sh, mackerel, sardines, carp, tuna) 

were found to be highly contaminated by POCs. Freshwater species 

(Tilapia ziili, Chrysichthys walkeri and Niloticus spp) from Lake Buyo 

were contaminated with dieldrin (31.58-436.80μg/kg), DDT (36.20-

227.82 μg/kg), hexachlorocyclohexane (58.44 to 167.94 μg/kg) and 

heptachlor (8.70 to 59.91 μg/kg). Among the marine species, catfi sh 

was the most contaminated with DDT (9.1 μg/kg) and aldrin (2.5 

μg/kg), while carp had the highest levels of heptachlor (7 μg/kg) and 

methoxychlor (2.8 μg/kg). Th e highest level of HCH (16.2 μg/kg) was 

found in mackerel. Catfi sh was the most qualitatively contaminated 

species by OCPs (Table 5), [31].

Sediments: In the Ebrie lagoon around Abidjan, two types 

of organochlorine residues, such as lindane (0.5-19 μg/kg), DDT 

and its main metabolites (1.1-997 μg/kg) were identifi ed in the 

sediments. High levels of DDT were localized in Marcory and Bietri 

bays with respective concentrations of 997 and 492 μg/kg (Table 5) 

[10]. However, in the lagoon system of Grand-Lahou consisting of 

4 lagoons (Tagba, Mackey, Tadio and Nioumouzou). Th e quantifi ed 

levels ranged from 6.31 to 27 ng/L for lindane, from 6.08 to 23.15 

ng/L in epoxide heptachlor, from 3.54 to 17 ng/L in endosulfan, from 

3.70 to 6.9 ng/L in endrin and from 5.84 to 23.19 ng/L in DDT. Th e 

Mackey lagoons (Σ OCPs = 214 ng/L) and Tagba (Σ OCPs = 210.63 

ng/L) were the most contaminated (tables 5 and 6), [33]. Sediment 

contamination by OCPs was also reported in other African countries. 

Th us, the organochlorine residue values of sediments in the Lekki 

Lagoon in Nigeria were 190 to 8480 μg/kg of dieldrin, 0.11 to 4.9 

μg/kg of lindane, 1845 μg/kg of heptachlor, 347 μg/kg of aldrin, and 

7 to 1155 μg/kg of endosulfan [34]. Mavura and Wangila (2004) 

[35] detected in the sediments of Nakuru Lake in Kenya, pesticides 

containing 0.43 μg/kg of DDT, 123 μg/kg of DDD, 4.47 μg/kg of DDE, 

316 μg/kg of heptachlor and 8.26 μg/kg of aldrin.

Oysters: Th e oyster, a crustacean living in lagoon sediments, 

is a good indicator for assessing the level of lagoon contamination. 

Pesticides such as DDT (2-130 μg/kg), lindane (1.3-5.1 μg/kg), 

dieldrin (1-6.5 μg/kg), heptachlor (1-5 μg/kg), 2 μg/kg), and endrin 

(1- 4.2 μg/kg) were found at various stations in the Ebrie lagoon. High 

concentrations of DDT (130 μg/kg) and HCH (lindane, 5.1 μg/kg) 

were found respectively in the regions of Abidjan and Grand-Lahou 

(Table 5), [36].

Data collection from some previously conducted studies 

showed that various parts of the environment and human food 

are contaminated by OCPs in Cote d'Ivoire. 10 OCPs and their 

metabolites were identifi ed in all the matrices studied (DDT, HCH, 

Endosulfan, Aldrin, Dieldrin, Heptachlor, Endrin, Methoxychlor, 

Hexachlorobenzene, Chlordane). Most of the OCPs identifi ed in the 

diff erent matrices are banned from use by the Stockholm Convention 

to which Cote d'Ivoire is signatory.

Th ese studies, though fragmentary, have highlighted the risk for 

Ivorians. Indeed, exposure to pesticides through food can entail both 

short-term and long-term health problems in humans [37-39]. Studies 

showed strong associations between chemical pesticides and health 

problems, including fertility problems, congenital malformations, 

birth defects, brain tumors, breast cancers, prostate and childhood 

leukemia [40, 41].

CONCLUSION

Th e synthesis of studies carried out on Organochlorine Pesticides 

(OCPs) in Cote d'ivoire revealed a contamination of surface and 

groundwater, sediments, agricultural products and human matrices 

by past use OCPs (DDT, (Aldrin, Dieldrin, Endrin, Heptachlor, 

Lindane) or current use (Endosulfan).

REFERENCES
1. SCP. Pest and pesticide management plan in Ivory Coast. Final 

Report, Republic of Cote d'Ivoire Ministry of Agriculture. 2012; 55. 
https://goo.gl/JHfvaf

2. PNM. National Implementation Plan for the Stockholm Convention on 
Persistent Organic Pollutants. Ministry of the Environment, Water and 
Forests, Abidjan, Cote d'Ivoire. 2011; 147. https://goo.gl/a4pbss

3. Traore S K, Mamadou K, Dembele A, Lafrance P, Banton O, Houenou P. 
Organochlorine pesticide residues in human milk from an agricultural area of   
Cote d'Ivoire. J Soc Ouest Afr Chim. 2002; 13: 99-109. https://goo.gl/FZRPgT

4. Mawussi, Environmental assessment of the use of organochlorine pesticides 
in cotton, coffee and cocoa crops in Togo and search for alternatives by 
assessing the insecticidal power of local plant extracts against coffee borer 
(Hypothenemus hampei) Ferrari. PhD thesis, University of Toulouse, France. 
2008; 154. https://goo.gl/uwFQzE 

5. Repetto R, Baliga S S. Pesticides and the Immune System: the Public 
Health Risks. World Resources Institute, Washington DC. 1996; 5. 
https://goo.gl/ZBwjaQ

6. Daniels J L, Olshan A F, Savitz D A. Pesticides and childhood cancers. 
Environ Health Perspect. 1997; 105: 1068-1077. https://goo.gl/4Bz8uc

7. Dewailly E A P, Bruneau S, Gingras S, Belles Isles M, Roy R. Susceptibility 
to infections and immune status in Inuits infants exposed to organochlorines. 
Environ Health Perspect. 2000; 108: 205-211. https://goo.gl/1Q5ntJ

8. Nordstrom M, Hardell L, Lindstrom G, Wingfors H, Hardell K, Linde A. 
Concentrations of organochlorines related to titers to Epstein-Barr virus early 
antigen IgG as risk factors for hairy cell leukemia. Environ Health Perspect. 
2000; 108: 441-445.

9. Vine M F, Stein L, Weigle K, Schroeder J, Degnan D, Tse C K, Backer L. 
Plasma 1,1-dichloro-2,2-bis(p-chlorophenyl)ethylene (DDE) levels and 
immune response. Am J Epidemiol. 2001; 153: 53-63. https://goo.gl/asA3Ci

10. Marchand M, Martin JL. Determination of chemical pollution (organochlorine 
hydrocarbons, metals, in the lagoon of Abidjan (Ivory Coast) by the study of 
sediments. Tropical oceanography. 1985; 20: 25-39. https://goo.gl/tGVqQQ

11. AFNOR - Standard NF EN ISO 5667-3 "Water Quality - Sampling - Part 3: 
General Guide for the Preservation and Handling of Samples". February 
1996. https://goo.gl/cVfpks

Table 5: Mean OCPs values found in aquatic ecosystems (μg/kg).
Total DDT Total HCH Dieldrin Endrin Endosulfan Aldrin Heptachlor Authors

Oysters 
Ebrie 

lagoon
2-130   1.3- 5.1 1- 6.5 1- 4.2 1- 5.2 [36]

 Fish

Port of 

Vridi
    1.4 0.8-8.3

1.3-
7.1

0.6-2.1 2.5 6-7 [31]

Buyo 36.2-227 3.14-89 31.5-436 8.7-59.91
[32]
[28]

Sediments  
 Ebrie 

lagoon

  1.8- 
997

0.5-19 [10]

Table 6: Mean values of all OCPs found in Grand Lahou lagoons (μg/L).
Organochlorine 

pesticides
                                            Lagoon Author 

Tabga Mackey Tadio Nioumouzou 
Total HCH 76.92 57.8 36.41 38.83

[33]

Total Heptachlor  32.31 15.8 15.82 11.18
Total Endosulfan 21.53 49.2 20.41 25.63

Aldrin 9.57 10.6 2.22 4.73
Dieldrin 4.32 7.4 5.07 5.48

Total Endrin 14.17 27.9 15.92 9.99
Total DDT 51.81 45.8 21.85 19.33

Total organochlorine 
pesticides (ng/L) 210.63 214.5 117.7 115.17



Advanced Journal of Toxicology: Current Research

SCIRES Literature - Volume 1 Issue 2 - www.scireslit.com Page - 099

12. Somogyi A, Beck H. Nurturing and breast-feeding: exposure to chemicals 
in breast milk. Environmental Health Perspectives. Supplements. 1993; 101: 
45-52. https://goo.gl/YaeytR

13. Manda P, Dano D S, Fadiga S, Dembele A. Search for organochlorine 
pesticide residues in breast milk and adipose tissue in women. Africa 
Biomedical. 2003; 8: 18-24. https://goo.gl/WYvCpH 

14. Alle A, Dembele A, Yao B, Ado G. Distribution of organochlorine pesticides in 
human milk and adipose tissue from two location in Cote d’Ivoire. Asian j appl 
sci. 2009; 2: 456-463. https://goo.gl/eg4qha

15. UNEP. Regional monitoring reports under the global monitoring plan for 
effectiveness evaluation: additional human tissue data from the human 
milk survey. Stockholm Convention on Persistent Organic Pollutants. Fifth 
meeting Geneva. 25-29 April 2011. https://goo.gl/dkxDKW

16. UNEP- Mali. Supporting the global monitoring plan on persistent organic 
pollutants. West African region project GFL 4A76, Rapport national. 2012; 
29. https://goo.gl/8r5VUH

17. Ntow W J. Organochlorine pesticides in water, sediment, crops, and 
human fl uids in a farming community in Ghana. Archive of Environmental 
Contamination and Toxicology. 2011; 40: 557-563. https://goo.gl/ch74kE

18. Traore S K, Dembele A, Mamadou K, Mambo V, Lafrance P, Bekro Y A, 
et al. Control of organochlorine pesticides in milk and milk products: 
Bioaccumulation and risk of exposure. Africa Science. 2008; 4: 87-98. 
https://goo.gl/ZVxHKh

19. Kouadio L D, Ehouman A G S, Soro D B, Diarra M, Doumbia L M, Meite 
L, et al. Contamination of curd and egg consumed in Cote d'Ivoire 
by organochlorine pesticides. Afrique Science. 2014; 10: 61-69. 
https://goo.gl/pqVgEQ

20. Biego G H M, Yao K D, Ezoua P, Chatigre O K, Kouadio L P. Levels of 
Organochlorine Pesticide Contamination in Cola Nitida Nuts. Int J Biol Chem 
Sci. 3: 2009; 1238-1245. https://goo.gl/gE6qJp

21. Biego G H M, Coulibaly A, Koffi  K M, Chatire O K, Kouadio L P. Levels of 
organochlorine pesticide residues in cocoa products in Côte d'Ivoire. Int J Biol 
Chem Sci. 2009; 3: 297-303. https://goo.gl/Ba4p6L

22. Alle A, Dembele A, Yao B, Ado G. Evaluation of the Contamination of Two 
Cereals by Organochlorine Pesticides in the North of Cote D’Ivoire. Journal 
of Applied Sciences Research, 2009; 5: 2496-2503. https://goo.gl/s7icxe

23. Biego G H M. Determination of residues of organochlorine pesticides in 
market garden products found on the markets of Abidjan. Public Health 
Workbook. 2005; 4: 17-25. https://goo.gl/CrLu6S

24. Adeyeye A, Osibanjo O. Residues of organochlorine pesticides in fruits, 
vegetables and tubers from Nigerian markets. The Science of the Total 
Environment. 1999; 231: 227-233. https://goo.gl/Q3LWqh

25. Manirakiza P, Akinbamijo O, Covaci A, Pitonzo R, Schepens P. Assessment 
of organochlorine pesticide residues in West African City Farms: Banjul and 
Dakar case study. Archives of Environmental Contamination and Toxicology. 
2003; 44, 171-179. https://goo.gl/JMiBmH

26. Ngom M. Contamination of agricultural products and groundwater by 
pesticides in the Niayes area in Senegal. Rev Sci Technol Synthesis. 2012; 
25: 119-130. https://goo.gl/p8wdBC

27. Djaneye Boundjou G, Bawa L M, Boukari Y. Organochlorinated pesticide 

residues in vegetable food. Microbiology and Food Hygiene. 2000; 12: 42-46. 
https://goo.gl/EYYE9W

28. Ehouman A S G, Traore K S, Kouadio L D, Mamadou K, Dembele A, 
Kamenan A, et al. Dietary Risk Assessment for Dieldrin Residues: Case of 
Buyo Department (Southwest Cote d'Ivoire). European Journal of Scientifi c 
Research, 2012; 90: 386-397.

29. Traore S K, Mamadou K, Dembele A, Lafrance P, Mazellier P, Houenou P. 
Contamination of groundwater by pesticides in agricultural regions in Côte 
d'Ivoire (central, south and southwest). Journal Africain des Sciences de 
l’Environnement. 2006; 1: 1-9. https://goo.gl/6fDghg

30. Cisse I, Tandia A A, Fall S T, Diop E H S. Uncontrolled use of pesticides 
in periurban agriculture: the case of the Niayes zone in Senegal. Cahiers 
d'Etudes and Research Francophone Agricultures. 2003; 12: 181-186. 
https://goo.gl/xtyVSM

31. Biego G H M, Yao K D, Ezoua P, Kouadio L P. Assessment of organochlorine 
pesticides residues in fi sh sold in Abidjan markets and fi shing sites. Afr J 
Food Agric Nutr Dev. 2010; 10: 2305-2323. https://goo.gl/GiDg64

32. Traore S K, Mamadou K, Dembele A, Lafrance P, Banton O, Houenou P. 
Comparative study of the level of organochlorine pesticide residues in three 
species of fi sh from Lake Buyo (south-west of Cote d'Ivoire) and estimation of 
the potential risk for human health. J Soc Ouest Afr Chim. 2003; 16: 137-152. 
https://goo.gl/vk7zCi

33. Kouakou R, Kouassi A M, Kouassi Kwa-Koffi  E, Etile N R, Trokourey A. 
Distribution of organochlorine pesticides and polychlororinated biphenyls in 
the sediments of a tropical lagoon (The Grand-Lahou lagoon, Cote d’Ivoire). 
J appl. 2015; 88: 8167- 8179. https://goo.gl/dgfSWU

34. Ojo O O. Bottom sediments as indicators of chemical pollution in Lekki 
Lagoon. MSc. Thesis. Department of Chemistry, University of Ibadan, 
Nigeria. 1991

35. Mavura W J, Wangila P T. Distribution of pesticide residues in various lake 
matrices: water, sediment, fi sh and algae, the case of lake Nakuru, Kenya. 
Inaugural conference Proceedings 8th –11th August Arusha – Tanzania. 
2004; 88-98. https://goo.gl/aYoCgG

36. Ouffoue K S, Coffy A A, Villeneuve J P, Sess D E, N’Guessan Y T. Pollution 
of a Tropical Lagoon by the Determination of Organochlorine Compounds. 
Tropicultura. 2009; 27: 77-82. https://goo.gl/eUuJoN

37. Scribner J D, Mottet N K. DDT acceleration of mammary gland tumors 
induced in the male Sprague-Dawley rat by 2-acetamidophenanthrene. 
Carcinogenesis. 1981; 2: 1235-1239. https://goo.gl/kJqwKW

38. Ritter L. Persistant Organic Pollutants. Evaluation report. 1996; 56. 
https://goo.gl/VLs7Dy

39. Menegaux F, Baruchel A, Bertrand Y, Lescoeur B, Leverger G, Nelken 
B, et al. Household exposure to pesticides and risk of childhood acute 
leukaemia. Occupational and Environmental Medicine. 2006; 63: 131-134. 
https://goo.gl/7wXWj5

40. Velez de la Calle J F, Rachou E, Le Martelot M T, Ducot B, Multigner L, 
Thonneau P F. Male infertility risk factors in a French military population. 
Human Reproduction. 2001; 16: 481-486. https://goo.gl/3LrzWg

41. Oliva A, Spira A, Multigner L. Contribution of environmental factors to 
the risk of male infertility. Human Reproduction. 2001; 16: 1768-1776. 
https://goo.gl/L5k4EY


	Assessment of Human and EcosystemContamination by OrganochlorinePesticides in Cote d’Ivoire
	ABSTRACT
	INTRODUCTION
	METHODOLOGY
	RESULTS AND DISCUSSION
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6
	CONCLUSION
	REFERENCES

