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Abstract: The study was conducted in two locations of northern of Côte d'Ivoire (Korhogo and

Sinématiali) for the determination of residues rate of organochlorine pesticides in 40 samples of cereals

(maize and rice) collected from the different markets of those cities. A system of gas chromatography

with an electron capture detector was used for the qualitative and the quantitative analysis of samples.

The results showed that whatever the matrix (rice or maize), the same groups of pesticides were found

in each area. From Korhogo samples, it was noticed the presence of hexachlorohexane (HCH) and its

isomers, 2,2-bis(p-chlorophenyl)-1,1,1-trichloroethane (DDT) and its derivatives, endosulfan (á + â) and

aldrin, dieldrin, endrin with an average concentration going from 1 (for ÓHCH) to 7 g/kg (for the group

of aldrin), while the Sinématiali ones led to two groups; the DDT group and the aldrin one, with ÓDDT

as culminated point with an average of 12 g/kg in rice. In the maize, OCPs distribution were for 3DDT

38 and 36,5 % and for aldrin and its metabolites 27,4 and 54,5 % respectively in Korhogo and

Sinématiali. In the rice, 3DDT had the lowest distribution in Korhogo (1,8 %) and the highest one in

Sinématiali (48 %) while aldrin with its isomers and endosulfan were detected at 43,2 and 38,4 %

respectively. The average concentrations found whatever samples were lower than the maximum residue

limits (MRL) of WHO/FAO. The variance analysis showed that the distribution of the population can

be considered as homogeneous..
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INTRODUCTION

Organochlorine pesticides (OCPs) have been used

all other the world (in Africa, in Asia and in Latin

America) since 1940 because of their effectiveness in

protecting crops and in the fight against the vectors of

some endemic diseases such as malaria, typhoid fever,

and trypanosomiasis . Not only do these persistent[1,2,3]

toxic substances (PTS) have a direct effect on the

target organisms but they also have a short and long

term effect on other vertebrate or non vertebrates

organism non-targeted. Organochlorine pesticides have

become universal  contaminants  found  in  all

segments of  the  environment  and food chain.

Despite  the  forbidding  of  their  production and

their  use  in  industrialized  countries  according the

Stockholm  Convention  made  in  2001 , these[4,5]

persistent  toxic  substances (PTS)  continue to cause

inconvenience  to the environment and living

organisms .[6,7]

This situation is not the same in the Third World

countries (especially in Africa) where there is a non-

compliance with the organochlorine pesticide

prohibition. Indeed, there are still OCPs entries by

unauthorized fraudulent circuits which is exacerbated

in one side by their cheap prices and in the other side

by illiteracy among the population. Because of their

highly lopophilic nature, organochlorine pesticides and

their residues may easily concentrate in fatty foods

(such as milk products) leading to bioconcentration

and biomagnifications through the food chain . These[2]

organochlorine pesticides have a wide range of both

acute and chronic health effects, including cancer,

neurogical damage, and birth effects . In view of[8]

their potential toxic and persistent nature, there is a

pressing need for their control and monitoring in the

environment . Foods are considered to represent a[9]

constant source of exposure, despite compliance with

the maximum permitted residue levels (MLRs). Only

60 % of all fruit or vegetables consumed by European
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citizens are free from pesticides residues, 36 % show

residues below the MRL, and 4 % are contaminated

by residues above the MRL . Regular surveys and[10]

monitoring programs of OCP residues have been

carried out in developed and developing countries and

in Africa. An analysis of fruit, vegetable tuber and

cereal samples in Nigeria , in camel, cattle and[9]

sheep carcasses slaughtered in Egypt , of fish[11]

samples in the Republic of Benin  in cassava,[12]

samples in Tanzania  revealed that the average[13]

levels of the OCP detected were generally low and

below the FAOs maximum residue limits. In Côte

d’Ivoire, no data is available on the levels of these

residues in cereals which constitute an important part

of meal of northern population.

The cotton plant still represents the most

important crop and main element for the economy of

northen Côte d’Ivoire. Pests infesting cotton affect

quality and quantity of the yield . Organochlorine[14]

pesticides have allowed Côte d'Ivoire, to ensure a

better protection of cotton crops against unforeseen

losses, an improvement of the quantity and the quality

of food-stuffs. Food crops such as millet, sorghum,

rice and maize which are grown on the same land like

cotton crops have a high probability to accumulate the

organochlorine pesticides used for its protection. The

residues of pesticide in those foods may cause

inconvenience to consumers if their rates are far well

above the maximum limit of residues (MRL), .[15]

According to a recent study in Korhogo and

Sinématiali (Côte d’Ivoire) on OCPs analysis, even

chemicals that had been banned for decades were

consistently detected in milk and adipose tissue

samples . This could be explained in part by the[16]

long life of many OCPs in the environment (dieldrin

and DDT residues, for example, can remain in soil for

decades) and in part by the importation or wind and

water transportation of pesticides still used in other

countries.

This study was conducted in northern Côte

d'Ivoire, in Korhogo and Sinématiali, to be precise

with the object to seek the origin of the contamination

of women, who had been the subject of our farmer

study, that is, women whom milk and fatty tissues

samples had been taken off. 

MATERIAL AND METHODS 

Sampling and Collection: 40 samples of maize and

rice were collected from the markets of two localities

in the north of Côte d’Ivoire (Korhogo and

Sinématiali) on market days from 2005 to 2006.

Indeed, on market days, the cereals which are sold,

really come from the municipality and are likely to be

ground in mortar (milling increases the risks of

contamination). In the north of Côte d’Ivoire (the

studied area), organochlorine pesticides were wildly

used for cotton culture and malaria control for a long

period. Rice and maize were selected after a

sociological survey which revealed that they were

among the most consumed cereals in the area. For

each cereal a mass of about 250g was taken off in

aluminum foil. Once in the laboratory the samples

were stored at -20°C until the analysis processing.

Sample Extraction and Clean up: Pesticide-grade

anhydrous  sodium sulfa te , sodium chloride ,

cyclohexane, petroleum benzene, dichloromethane,

nitril acetate, and hexane were obtained from Merck

(Darmstadt, Germany). Fluorisil (PR Grade, 60-100

mesh) was purchased from Silica (Silica Co, USA).

The organochlorine pesticides were extracted and

purified, following the method used by Manda et al

. A quantity of 10 to 20 mg of cereal were weighed[1]

and ground. The powder obtained was removed into

a 500 mL beaker and then mixed with 60 mL of

distilled water and 115 mL of nitril acetate in a

blinder (or mechanically shaken for an hour if

necessary). After a vacuum (or filtration), the filtrate

was transferred into a one liter separating funnel. The

cake (the remaining paste) was mixed again with 60

mL of distilled water and 115 mL nitril acetate and

the extracted matter was first gathered in the

separating funnel where 100 mL of cyclohexane were

added. After a vigorous shaking and a degasification,

a quantity of distilled water up to 600 mL was added

to the mixture. 10 mL of saturated NaCl solution were

added and the organic phase was collected and

successively washed two times with 100 mL of

cyclohexane and the organic phase was collected.

Finally a glass wool filtration was made in a 500 ml

flask and the filtrate was concentrated up to 10 mL.

This volume will be used for the clean up.

Purification was done with a chromatography column

with a stationary phase consisting of 20 g of Fluorisil.

The elution was made with 150 mL of a mixture of

benzene oil and dichloromethane (4:1 v/v). The eluate

was collected in a 500 mL flask, then concentrated to

50 mL at 35 °C in a Rotavapor, removed in 100 mL

flask and dried. After repeating all this with 50 ml of

hexane, the residue was concentrated again to less

than 10 mL; then it was removed to a 10 mL

volumetric flask and finally filled up to the turn of the

gauge. The sample was then ready for the

chromatographic analysis.

Gas Chromatography Analysis: The analysis of OC
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compounds was performed on a SHIMADZU GC-14A

with Ni electron capture detector. A capillary column63

(DB-1 phase, 30m x 0,25 I.D x 0,25 µm film

thickness) was used with Nitrogen as carrier gas at a

flow rate of 18 mL/min. Sample volumes of 2 µL

were injected. Split injection of sample was done at

250°C and the detector temperature was 300 °C. The

column oven was programmed from an initial

temperature of 100 °C and held at that temperature for

5 min, raised to 170°C (at a rate of 5 °C/min) and

held for 10 min, then raised to 250°C (at the rate of

10 °C/min) and held for 20 min (with a total run time

of 45 min).  Qualitative and quantitative analysis were

done by comparison with external standard. The

minimum determination limit expressed on fat basis

for all OCs studied was estimated to 5 ng/kg. In order

to determine the gas chromatography system precision

and accuracy, a 0.5 mg/L concentrated multi-element

solution containing every organochlorine pesticide was

prepared  (pesticide standards:  pesticides mix 118 and

2, 4’-DDT and metabolites mix 3, were purchased

from Dr Ehrenstorffer , Ausberg, Germany, and most

of them were of over 99% certify purity. The LOD

was calculated by application of NF V03-120 (Norme

française) or ISO for LOD. Precision and accuracy of

the GC system was determined by injecting five times,

2 mL of 0.5 mg/kg of concentrated multi-element

solution in every organochlorine pesticide. The results

obtained were used to calculate the expected values

(exactness and fidelity).

A test of comparison of the averages of pesticides

population was performed by using variance analysis

or test F on the threshold of 1% and 5%. 

RESULTS AND DISCUSSIONS  

The GC-ECD is commonly used in organochlorine

pesticide analysis  for the efficiency of its detector[4,18]

(more sensitive, selective, lower LOD than the FID or

the TCD). This device gives good results even at very

low levels concentrations. The results of the

determination of the precision and the accuracy of the

SHIMADZU GC-14A that was used for the analysis

are given in Table 1.

For all pesticides analyzed the values of the

exactness (J%) and fidelity (F%) are all below 6%,

which is a value beyond which the results can be

considered as bad. With these results, we can say that

the chromatograph SHIMADZU GC-14A is able to

give the right measurements.

Table 2 and 3 illustrate the mean concentrations

of organochlorine pesticides (OCPs) in maize. These

tables also give the FAO’s Maximum Residue Limits

(MRL) and the percentages of contamination per

pesticide or group of pesticides. The rates of

contamination in percentage are depicted by figure 1

and 2. It is noticed that in the area of Korhogo,

3DDT (predominant residue) represents 38% of the

contamination, whereas in the area of Sinématiali,

although this rate has not changed (37%), the aldrin

predominate (54%). Not only do the results show a

qualitative disparity but also a quantitative one.

Indeed, from 3 groups of pesticide residues detected

in samples of maize in the area of Sinématiali, we get

to 5 groups in Korhogo (figures 1 and 2) All the

samples contain â-HCH, aldrin, p, p'-DDE, â-

endosulfan and mirex. The culminating concentration

in the area of Sinématiali is obtained with aldrin and

its congeners with an average concentration of 6ìg/kg,

while in the area of Korhogo, the DDT and its

isomers predominate with an average concentration of

6ìg/kg.

The results related to rice are summarized in

Tables 4 and 5. As in the case of maize, these tables

contain the average, the minimum and the maximum

concentration, the maximum limit of residue and the

rate of distribution for each pesticide or group of

pesticides. Figure 2 illustrates the distribution of

pesticides in rice for each survey area.

Qualitatively let’s notice that the results are almost

similar to those of Korhogo. Although there are some

slight differences as far as the names are concerned,

it is a question of isomers or metabolites; therefore we

are talking about elements of the same group.

Quantitatively, while the main concentration of the

samples of Korhogo are dieldrin (7ì/kg) and

âendosulfan (3.75ì/kg), aldrin (7.5 ì/kg) and p, p'-

DDE (6ì/kg) predominate in the sample of

Sinématiali. In the rice the distribution of OCPs

decreases from 3DDT (48.0 %) to  cyclodienes (aldrin

+ Dieldrin + endrin) (30 %) in Sinématiali and it

decreases from cyclodienes (43.2 %) through

endosulfan (38.4 %) to 3DDT(1.8 %) in Korhogo. In

almost all the cereal samples analyzed Lindane and its

isomers were not detected (the distribution was 0 %

in all the samples except maize in korhogo where it

was 15 %). The DDT concentration in the two cereals

whatever the study area was zero. So 3DDT in the

cereals was constituted by its metabolites, p,p-TDE,

p,p-DDE and p,p-DDD. This may suggest no recent or

continuous use of DDT in the two study localities

(Korhogo and Sinématiali). Aldrin was detected in rice

at the mean concentrations of 0.1 ì/kg and 7.5 ì/kg

and in maize at the mean concentrations of 2.8  ì/kg

and 6.4  ì/kg respectively in Korhogo and Sinématiali.
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Table 1: Calculation of validation criteria

mPesticides X (mg/kg) ó J(% ) F(% )

g-HCH 0.5201 0.01 4.02 2.09

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Op-DDD 0.4982 0.02 0.36 4.91

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

a-endosulfan 0.506 0.007 1.21 1.25

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Aldrin 0.5232 0.028 4.64 5.28

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Dieldrin 0.5313 0.02 6.26 4.02

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Endrin 0.4737 0.013 5.26 2.68

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

HeptaChlor 0.4718 00.028 5.63 5.82

Xm = mean concentration; ó  = deviation of measured values; J(%) = exactness; F(% ) = Fidelity

Table 2: Organochlorine pesticides Residues in maize (ìg/kg) in the area of Korhogo 

%         Insecticides M ax M ini M ean value M RL*

         

-------------------------------------------- ìg/kg --------------------------------------------

Lindane 1.0 < LOD 30 500 02.0

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3HCH 19.0 < LOD 2.0 500 15.3

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3DDT 21.0 < LOD 6.0 100 38.0

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Heptachlor 0.0 < LOD < LOD 20 00.0

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Heptachor epoxide 0.0 < LOD < LOD 20 00.0

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Aldrin, Dieldrin, Endrin 14.0 < LOD 4.0 20 27.4

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Endosulfan (a +â) 5.0 < LOD 2.0 100 120

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M ethoxychloride 60.0 < LOD 56.0

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Other pesticides 8.0 < LOD 1.0 - 07.3

In tables 2, 3, 4, and 5: <LOD = below the Limit of detection; M ax = maximum residue concentration; M IN = minimum residue

concentration; %  = percentage of contamination; M RL = M aximum Residue Limit; Other pesticides = pesticides not reported in the tables.

Table 3: Residues of organochlorine pesticides in maize (ìg/kg) in the area of Sinématiali

%Pesticides M ax M ini M ean value M RL*

-------------------------------------------- ìg/kg ----------------------------------------------

Lindane < LOD < LOD < LOD 500 0.0

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3HCH 3.0 < LOD < LOD 500 0.0

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3DDT 5.0 2.0 4.0 100 36.5

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Heptachlor < LOD < LOD < LOD 20 0.0

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Heptachor epoxide < LOD < LOD < LOD 20 0.0

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Aldrin, Dieldrin, Endrin 21.0 2.0  6.0 20 54.5

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Endosulfan (a +â) 4.0 < LOD   1.0 100 9.0

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M ethoxychloride < LOD < LOD < LOD

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Other pesticides 1.0 < LOD < LOD - 0.0
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Table 4: Organochlorine pesticide residues in rice (in ìg/kg) in the area of Korhogo

%Pesticide M ax M ini M ean value M RL*

-------------------------------------------- ìg/kg ----------------------------------------------

Lindane < LOD < LOD < LOD 500 0.0

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3HCH 9.0 < LOD 1.0 500 6.1

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3DDT 2.0 < LOD 3.0 100 1.8

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Heptachlor < LOD < LOD < LOD 20 0.0

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Heptachor epoxide < LOD < LOD < LOD 20 0.0

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Aldrin, Dieldrin, Endrin 37.0 < LOD 7.0 20 43.2

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Endosulfan (a +â) 14.0 < LOD 6.0 100 38.4

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Other pesticides 8.0 < LOD 2.0  - 10.5

Table 5: Organochlorinated pesticides residues in rice (in ìg/kg) in the area of Sinématiali

%Insecticides M ax M ini M ean value M RL*

-------------------------------------------- ìg/kg ---------------------------------------------

Lindane < LOD < LOD < LOD 500 0.0

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3HCH 2.0 < LOD < LOD 500 0.0

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3DDT 354.0 4.0 12.0 100 48.0

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Heptachlor 0.0 < LOD < LOD 20 0.0

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Heptachor epoxide 0.0 < LOD < LOD 20 0.0

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Aldrin, Dieldrin, Endrin 61.0 < LOD 8.0 20 30.0

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Endosulfan (a +â) 1.0 < LOD < LOD 100 0.0

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Other pesticides 54.0 < LOD 6.0 - 22

Dieldrin, the metabolite of aldrin was detected at

lower levels than aldrin. Its mean concentrations were

in rice 7.0 ì/kg and 0.3 ì/kg and in maize 1.3 ì/kg

and 0.0 ì/kg respectively in Korhogo and Sinématiali.

This may indicate the non metabolism of original

aldrin contaminant into dieldrin. While considering all

the pesticides of the two study areas, the average

levels were all below the FAO’s maximum residue

limits (MRL).

With regard to Figure 3 in which rice is

compared to maize or the area of Korhogo to

Sinématiali’s one, cereals are generally seen as being

more sensitivity to organochlorine pesticides in

Korhogo than in Sinématiali. As a matter of fact, rice

is more sensitive to aldrin and endosulfan groups in

Korhogo than in Sinématiali. The situation is opposite

as far as ÓDT is concerned in which distribution is

more important in Sinématiali. Maize, especially, is

not only more selective to organochlorine pesticides in

Sinématiali but it shows also a greater sensitivity in

Sinématiali than in Korhogo except the aldrin. This

phenomenon could be explained through the fact that

as the Korhogo samples come from a bigger number

of villages they are likely to have a much more

important pesticide distribution than in Sinématiali.

Moreover, the values obtained here are lower than

those found in a similar study worked out in Nigeria

, and in India . Osibanjo et al had found for[17] [18]

3DDT, mean concentrations of 18.0 and 66.0 ìg/kg

respectively in rice and maize. Bhupendra et al after

analyzing 10 samples of maize and 20 samples of rice

had got average concentrations of 85 and 1298 ìg/kg

respectively in rice and maize. The lowness of our

values may be due to the time that has been spent

between  period  of  the large spreading of

organochlorine pesticides in the survey areas and the

s tu d y  p e r io d  ( th e  t im e  an d  th e  ra te  o f

organochlorinated pesticides vary in the opposite

direction). The second reason may be the fact that the

studies of Osibanjo and Bhupendra are before the ban

on the production and the use of OCPs in accordance

with the Stockholm Convention in 2001, period before

which, there was a non-compliance with the

organochlorine pesticide prohibition all over the world,

particular in the third word countries.
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Fig. 1: Distribution of pesticides in maize (in %)

Fig. 2: Distribution of pesticides in Rice

Generally, food is the chief source of OCP

residues in the human body. However, the dietary

habits are the determining factors for the overall body

burden of OCP residues. Public concern about the

adverse environmental and human health impacts of

organochlorine contaminants led to strict regulations on

their use in developed nations more than two decades

. Nonetheless, DDT and several other organochlorine[12]

pesticides are still being illegally used all over the

world for agriculture, led the contamination of food

stuffs, and the exposure of man to these persistent

toxic substances in these regions.

The results of this study show that even if there

are still entries of OCPs by unauthorized fraudulent

circuits which is exacerbated by illiteracy among

African population, an effort is made in the limitation

or the moderation of their use. 

The application of variance analysis to cereal

matrix seems to say that the distribution of the

population is homogeneous. Indeed, for both maize

and rice samples, we have obtained 7 out of 8 cases

respectively 4 out of 6 cases where the distribution of

the population can be regarded as uniform. But it

would be unwise to conclude that the two populations

are identical. Indeed, to draw such a conclusion we

need a greater number of samples in each population.

Conclusion: The organochlorinated pesticides used in

large quantities in Ivory Coast (especially in the

north), have not only permitted to eradicate some

diseases such as malaria and river blindness but also

to protect crops against parasites. 

Several years after the prohibition of these

pesticides used in agriculture, is man, who is at the 
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      (A)

          (B)

Fig. 3: Comparison of the distribution of pesticides in rice and maize for each area

end of the food chain, still exposed to their effects?

It is with this end in view that, this "biomonitoring"

study has been carried out with breast milk, fatty

tissues and cereals. It had provided preliminary

inform ation  on the concentrations of som e

organochlorine pesticides in some cereals for the first

time in the north of Côte d’Ivoire. The rates of

organochlorinated pesticide residues in maize and rice

are very low and all below the maximum residue

limits (LRM) of the WHO. Therefore the consumer

does not have to worry in a short and medium term.
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